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Abstract

Purpose: Cadmium toxicity in the exposure of the general, 
professional and cigarette smoking populations has been well 
known. From the dental point of view, it is important to find 
out whether and how separate and joint exposures to cadmium 
and zinc affect the structure and function of the submandibular 
gland, which is the major saliva-releasing  gland. Cadmium, 
a particularly active xenobiotic, damages cellular metabolism 
at the level of various enzymatic systems of the cell, which may 
disturb functioning of the salivary glands. Mutual interactions of 
cadmium and zinc suggest a protective role of zinc through the 
induction of metallothionein which inactivates cadmium effect.

Material and methods: The aim of the study was to assess 
the ultrastructural picture of chosen cell organelles of the 
submandibular salivary gland of the rat exposed to cadmium 
and zinc. The study used 90 male Wistar rats, of the initial b.w. 
150-180 g. The animals were exposed to cadmium and/or zinc 
for 6 months. Cadmium was received in aqueous solutions of 
cadmium chloride with drinking water at a concentration of 
5 mg Cd/dm3 or 50 mg Cd/dm3. Zinc was also given in aque-
ous solutions of zinc chloride ad libitum at concentrations of
30 mg Zn/dm3 and 60 mg Zn/dm3. 

Results: The ultrastructural changes in the mucous and 
serous cells of the submandibular salivary gland were most 
pronounced at cadmium concentration of 50 mg Cd/dm3 and 
were mainly observed in the cell nucleus, Golgi Apparatus and 
secretory granules of the salivary gland cells. 

Conclusions:
1. Exposure to cadmium induces ultrastructural changes in 

the submandibular gland, which are dose and time of exposure-
dependent. 

2. Exposure to zinc did not affect significantly the 
ultrastructural picture of cells of the submandibular gland. 

3. Zinc administered together with cadmium reduces the 
intensity of ultrastructural changes in the submandibular gland. 
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Introduction

The civilization advances and growing environmental 
pollution bring the effect of various xenobiotics, including 
heavy metals, on the functioning of the living organism [1-3]. 
Cadmium toxicity in the exposure of the general, professional 
and cigarette smoking populations has been well known [4]. Its 
effect on long bones, kidneys and liver has been investigated in 
experimental rat models [5-10]. From the dental point of view, 
it is important to determine whether and how separate and joint 
exposures to cadmium and zinc affect the structure and function 
of the submandibular gland, the major saliva-releasing gland. 
The oral cavity can be the first site through which the xenobiotic 
gets via the respiratory and alimentary tract to the body, and the 
saliva is a “protective coat” for the oral structures. Cadmium, 
a particularly active xenobiotic, interferes with cellular metabo-
lism at the level of various enzymatic systems of the cell and may 
thus disturb functioning of the salivary gland. Biological conse-
quences of the effects of the respective metals and their mutual 
interactions on the structure of submandibular gland cells can 
be assessed only using animal experimental models. Mutual 
interactions of cadmium and zinc suggest a protective role of 
zinc through the induction of metallothionein which inactivates 
the cadmium effect [7,11].

 The aim of the study was to assess the ultrastructural pic-
ture of chosen cell organelles of the submandibular gland of the 
rat exposed to cadmium and zinc. There is no data on an interac-
tion influence of cadmium and zinc together administrated in 
a chronic poisoning of cadmium. 
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Material and methods

The study used 90 male Wistar rats (initial b.w. 150-180 g). 
The animals were exposed to cadmium and/or zinc for 6 months. 
Rats received cadmium in the form of aqueous solutions of 
cadmium chloride with drinking water at a concentration of
5 mg Cd/dm3 or 50 mg Cd/dm3. Zinc was also given in aque-
ous solutions of zinc chloride ad libitum at concentrations of
30 mg Zn/dm3 and 60 mg Zn/dm3. Control animals received 
water to drink without cadmium and zinc. The rats had unlim-
ited access to LSM diet. Throughout the experiment the intake 
of drinking water and body mass increase were monitored. The 
rats were divided into 9 groups according to metal concentra-
tion: group I – control, group II 30 mg Zn/dm3, group III
– 60 mg Zn/dm3, group IV – 5 mg Cd/dm3, group V – 5 mg Cd/
/dm3 + 30 mg Zn/dm3, group VI – 5 mg Cd/dm3 + 60 mg Zn/dm3, 
group VII – 50 mg Cd/dm3, group VIII – 50 mg Cd/dm3 + 30 mg 
Zn/dm3 and group IX – 50 mg Cd/dm3 + 60 mg Zn/dm3. After 
the exposure termination, the animals were anaesthetised (with 
Vetbutal) and then, immediately, 4 sections of 1-2 mm3  vol. each 
were cut off from the submandibular gland in 3 animals from 
each group. The sections were obtained from the same part of 
the organ examined. 

The tissue material was collected and prepared for 
ultrastructural analysis following generally accepted principles. 
Sections for ultrastructural examinations were fixed in 3.6% 
glutaraldehyde at a temp. of 4°C for 2 hours, postfixed in 2% 
osmium tetroxide, dehydrated in alcoholic series, propylene 
oxide and embedded in Epon 812. Semithin preparations 
were stained with toluidine blue, while ultrathin sections were 
contrasted with uranyl acetate and lead citrate, and evaluated 
in a transmission electron microscope OPTON 900 PC [12]. 
The experiment was approved by the Bioethical Committee 
(2004/03).

Results
Group I (control)

The ultrastructure of the submandibular gland was normal. 
Mucous acinar cells had oval nuclei located in the parabasal part. 
In the vicinity of the nucleus, there were parallel channels of the 
rough endoplasmic reticulum, Golgi Apparatus, as well as oval 
or elongated mitochondria with numerous crests and matrix of 
moderate electron density. In the central and apical part of the 
cell, bright mucous granules containing microgranular material 
were seen in great numbers (Fig. 1). Cellular membranes of the 
adjacent cells were indented and linked together. Moreover, the 
cells were joined together by desmosal junctions. 

Serous acinar cells had round or oval nuclei, which were 
located in the central or parabasal parts. The rough endoplas-
mic reticulum channels were shorter and less numerous than 
in mucous cells. In the vicinity of cell nuclei, Golgi Apparatus 
and many slightly elongated mitochondria could be observed. 
A large part of the cell was filled with relatively numerous secre-
tory granules of high electron density. 

In the stroma, a large number of tiny blood vessels were 
seen between the vesicles. 

Group II (30 mg Zn/dm3)

The ultrastructural picture of the cells of the submandibular 
gland in this group did not differ from the control one. 

Group III (60 mg Zn/dm3)

The ultrastructural picture of the cells of the submandibular 
salivary gland in this group also did not differ significantly from 
the control one. However, the picture showed numerous secre-
tory granules, both in mucous and serous acinar cells, which 
accumulated around the smoothed-surface lumen. Mitochon-
dria with slightly increased matrix translucence were seen. 

Group IV (5 mg Cd/dm3)

In the ultrastructural picture of the submandibular salivary 
gland of rats exposed to low doses of cadmium, cell nuclei 
had a plicate nuclear membrane with large distinct nucleoli. 
The Golgi Apparatus was activated and with dilated cisterns. 
Mitochondria were slightly translucent and only sporadically 
myelinic structures could be seen within them. 

Group V (5 mg Cd/dm3 + 30 mg Zn/dm3)

The ultrastructural picture of the acinar cells showed very 
subtle changes and thus it was not significantly different from 
the control one. Only in mucous cells, large secretory granules 
were seen. 

Group VI (5 mg Cd/dm3 + 60 mg Zn/dm3)

In mucous cells, the nuclei frequently had irregular con-
tours. Serous cells contained plenty of large secretory granules. 
Condensations of mucous cell granules were rare. 

Group VII (50 mg Cd/dm3)

The nuclei of mucous cells of animals exposed to this high 
concentration of cadmium had distinctly irregular contours and 
very large nucleoli (Fig. 2). The rough endoplasmic reticulum 
showed local degranulation and had an irregular course. Golgi 

Figure 1. Group I (control). Fragment of normal mucous cells of 
the submandibular salivary gland. N-cell nucleus, RER – rough 
endoplasmic reticulum, Z – secretory granules. Mag. x 4400
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Apparatus was evidently well developed and had dilated cis-
terns. Numerous mitochondria exhibited damaged crests and 
matrix of increased translucence. Secretory granules in mucous 
cells contained numerous irregularly arranged “paracrystalline” 
condensations, some of which merged. The acinar lumen had 
a smoothed surface (Fig. 2).

Serous acinar cells contained a large number of secretory 
granules that varied in size. In tissue stroma, blood vessels with 
badly swollen endothelial cells and an increased number of col-
lagen fibres were seen (Fig. 3). 

Group VIII (50 mg Cd/dm3 + 30 mg Zn/dm3)

In this group, the nuclei of mucous acinar cells had 
irregular contours, large nuclei and chromatin condensed on the 
periphery. Some of the mitochondria showed increased matrix 
translucence, but with no distinct features of damage. Secretory 
granules of these cells merged to form “little lakes” of mucosa 
(Fig. 4).

In serous acinar cells, the granules were large and numer-
ous. Increased cytoplasm translucence was sometimes observed. 
In tissue stroma, blood vessels with swollen endothelial cells and 
numerous collagen fibres were seen. 

Group IX (50 mg Cd/dm3 + 60 mg Zn/dm3)

The ultrastructural picture of acinar cells was similar to the 
one observed in group VIII. There were, however, numerous 
regularly arranged condensations of mucous granules.

Discussion 

Cadmium, lead, iron and mercury, known as particularly 
active xenobiotics, are the focus of many research studies. They 
manifest toxicity by damaging cell metabolism and disturbing 
membranous transport, cellular respiration, lipid metabolism 
and protein synthesis [7,13].

In the current study, the ultrastructural changes in the 
secretory cells of the submandibular salivary gland of rats were 
cadmium concentration-dependent. In the group with lower 
cadmium intoxication (5 mg Cd/dm3) no significant deviations 
were found as compared to control. In the rats receiving higher 
cadmium concentration (50 mg Cd/dm3), the ultrastructural pic-
ture showed very distinct damage to cell organelles, with the cell 
nucleus, mitochondria, Golgi Apparatus and rough endoplasmic 
reticulum being affected. The nuclear membrane was plicate 
and the number and size of nucleoli were increased, which may 
indicate activation and intensification of metabolic functions of 
the salivary gland cells. Degranulation of the rough endoplasmic 
reticulum and various degrees of mitochondrial damage could 
be seen, usually with swelling and increased translucence of 
the matrix. Czykier et al. [14], studying the submandibular 

Figure 4. Group VIII (50 mg Cd/dm3 + 30 mg Zn/dm3).
Fragment of mucous cells with secretory granules merging to 
form the so called “little lakes” /*/. Mag. x 3000

Figure 2. Group VII (50 mg Cd/dm3). Fragment of mucous cells 
with numerous secretory granules accumulated around the
acinar lumen /L/ with smoothed surface. The nuclear cell /N/ 
shows plicate margins and a large nucleolus /n/. M – mitochon-
dria exhibited damaged crests. Mag. x 3000

Figure 3. Group VII (50 mg Cd/dm3). Fragment of blood vessel 
with damaged endothelial cells /En/. In the vicinity, a number of 
collagen fibres /C/. Mag. x 3000
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salivary gland in acute cadmium intoxication (50 mg Cd/dm3) 
also observed nuclear membrane plication and Golgi Apparatus 
activation. However, at a concentration of 100 mg Cd/dm3 these 
authors described secretory granules merging to form “little 
lakes” and with no damage to organelles, which may suggest 
the development of adaptive mechanisms or increased saliva 
secretion. Also in the current study, we observed an increase in 
the quantity of secretory granules varying in shape and accumu-
lating around the acinar lumen. Smoothing of the acinar lumen 
and accumulation of numerous secretory granules may indicate 
a cadmium-induced disturbance in calcium ion homeostasis and 
membranous transport [15-17]. Damage to mitochondria can 
cause disturbances in cellular respiration, and degranulation 
of the rough reticulum may suggest disorders in the synthesis 
of the cell-specific proteins. Cadmium, competing with other 
metals in metalloenzymes affects protein synthesis, energetic 
processes, membranous transport, metabolism of lipids and 
nucleinic acids [17]. This metal reacting with the SH groups of 
proteins inactivates cytosolic and mitochondrial enzymes, thus 
reducing the activity of main mitochondrial enzymes – succinic 
dehydrogenase and cytochrome oxidase, which interferes with 
the processes of oxidative phosphorylation [18]. Changes in the 
biochemical processes of the Krebs cycle, due to cadmium bind-
ing to SH-groups, lead to a decrease in ATP and to metabolic 
deficiency of the cell. This may occur even at a low cadmium 
exposure [15]. In the cell, cadmium binds to proteins of the 
cytoplasm, mitochondrial and lysosomal membranes, and cell 
nuclei, which may affect the membranous transport of the cell 
[18]. Literature evidence seems to suggest that the toxic effect 
of cadmium can be accompanied by the formation of reactive 
oxygen forms which may exert a negative effect on cell metabo-
lism [7].

Morphological changes of various degrees have been also 
observed in the salivary gland cells exposed to lead and were 
dose and exposure time-dependent [19]. In the cells of the 
parotid salivary gland of the rat, the authors described plication 
of the nuclear membrane, chromatin clumping, dilation of RER 
channels, Golgi Apparatus activation and features of consider-
able mitochondrial damage. They also found large lipid deposits 
and a smaller numbers of secretory granules in comparison to 
control. 

Morphological changes have been noted in the liver and 
kidney due to cadmium exposure [20]. Among the early lesions 
in the kidney, swollen mitochondria with condensed matrix pre-
dominated and proliferation of smooth endoplasmic reticulum 
could be seen [8]. The ultrastructural picture of hepatocytes 
chronically exposed to cadmium showed an increase in peri-
chromatin granules in the nuclei and nucleolar condensation 
[9]. This may suggest various mechanisms of metal actions and 
different cell “sensitivity” to a xenobiotic [21]. 

The combined administration of cadmium and zinc in the 
current study showed a protective role of zinc during exposure 
to cadmium. In the ultrastructural examination of the sub-
mandibular salivary gland exposed to cadmium + zinc, the latter 
reduced the intensity of morphological changes in the cells. With 
an increase in zinc concentration and no change in the level of 
cadmium, lesions in cell organelles were decreased. Numerous 
condensations in regularly arranged mucous granules indicated 

normalization of secretory functions of the submandibular 
salivary gland. 

According to some authors, normalization in the picture of 
the salivary gland exposed to the simultaneous action of both 
metals may result from different mechanisms of the effect of 
zinc or can be due to interactions between the metals [22]. The 
interactions between zinc and cadmium can be explained by 
their affinity to metalloenzymes. Zinc is involved in many meta-
bolic processes in the body and is necessary for their normal 
course. Adequate zinc concentration conditions the activity of 
over 200 enzymes. Due to its presence in many enzymes, zinc 
controls the pro- and antioxidative balance [23,24]. At high con-
centrations, zinc can also show antioxidative effects, regardless 
of the enzymes it builds. In the extracellular spaces, zinc protects 
sulphydryl groups against oxidation and prevents generation of 
reactive oxygen forms in the presence of such transitory metals 
as cadmium [25].

Conclusions

1. Exposure to cadmium induces ultrastructural changes in 
the submandibular gland, which are dose and time of exposure-
dependent. 

2. Exposure to zinc did not affect significantly the 
ultrastructural picture of the submandibular gland cells. 

3. Zinc administered together with cadmium reduces the 
intensity of ultrastructural changes in the submandibular gland. 
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