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Abstract
Introduction. Lithium has been used in medicine for almost seventy years. Besides beneficial effects, its therapy may cause 
serious side-effects, with kidney and liver being the organs most vulnerable to its harmful influence. Therefore, research 
on protective agents against lithium toxicity has been continuing for some time.  
Objective. The aim of the present study is to evaluate the influence of additional selenium supplementation on lithium 
content, as well as homeostasis of the essential microelements iron, zinc, copper and manganese in kidney and liver of rats 
undergoing lithium exposure.  
Materials and method. The study was performed on 4 groups of male Wistar rats (6 animals each) treated with: control 
– saline; Li-group – Li2CO3 at a dose of 2.7 mg Li/kg b.w.; Se-group – Na2SeO3 at a dose of 0.5 mg Se/kg b.w.; Li+Se-group – 
both Li2CO3 and Na2SeO3 at doses of 2.7 mg Li/kg b.w. and of 0.5 mg Se/kg b.w., respectively, in the form of water solutions 
by stomach tube, once a day for 3 weeks. The content of the studied elements in the organ samples was determined using 
flame atomic absorption spectroscopy (FAAS).  
Results. Lithium administered alone caused a significant increase in its content in liver and kidney. Additional supplementation 
with selenium reversed these effects, and did not markedly affect other studied microelements compared to control.  
Conclusions. The obtained results suggest that selenium could be regarded as an adjuvant into lithium therapy. However, 
considering the limitations of the present study (the short duration, using only one dose and form of selenium) the continuation 
of the research seems to be necessary to clarify the influence of selenium supplementation on basic microelements and 
lithium accumulation in organs during lithium exposure.
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INTRODUCTION

Lithium, proposed as an essential trace element, has been 
used in the therapy of psychiatric disorders for almost 70 
years [1, 2]. Furthermore, recently, a resurgence of concern in 
its application, prompted by its effectiveness and anti-suicide 
action, has been reported [3]. Lithium therapy has also been 
revealed to be safe even in adolescents and children [4]. 
Moreover, the possibility of its use in other pathological states 
has been reported, e.g. as an adjuvant in the cure of leukaemia 
or thyroid disorders [5, 6]. However, despite beneficial 
action, the therapy may carry side-effects, affecting both 
life conditions and compliance of patients in a considerable 
way. Lithium’s side-effects include hypercalcaemia, 
gastrointestinal, dermatological, cardiovascular, renal, as 
well as thyroid and parathyroid disorders [2, 7, 8, 9, 10, 

11, 12]. Research has revealed its harmful influence on the 
functions of key organs, including liver and kidney [2, 10, 
13, 14] with the latter being particularly vulnerable [3,15,16]. 
An additional problem results from the fact that both the 
serum therapeutic lithium concentration and the dose 
required for its maintenance decrease with the age of the 
patients [11]. Additionally, animal research revealed lithium’s 
accumulation in organs resulting from oral exposure [14]. 
The enhanced using of lithium in industry and subsequent 
contamination of the environment may also contribute to 
its accumulation in living organisms as it has been reported 
to be considerably bioavailable from water [17]. For these 
reasons, research on protective agents has been carried out 
with rather encouraging outcomes [2, 10, 13, 18].

Selenium is ranked among the microelements which, 
although they occur in very small amounts, exert a large effect 
on the functions of living organisms. As a constituent of the 
enzymes glutathione peroxidase, thioredoxin reductase, and 
iodothyronine deiodinase, selenium takes part in antioxidant 
defence and affects thyroid functions [19]. A low selenium 
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level in organisms has been found to be connected with 
the incidence of numerous disorders [20, 21, 22]. Animal 
research has also revealed disturbances in the selenium level 
in kidney occurring in diabetes [23]. Furthermore, animal 
model research revealed antidepressant-like properties of 
selenium compounds, while human studies showed some 
relationships between low environmental selenium level 
and incidence of depression, as well as the protective effect 
of selenium supplementation against depression [19]. 
Additionally, selenium has already been revealed to show 
protective action against harmful factors causing injury to 
organs, including kidney [24].

OBJECTIVE

The current study was performed with the aim of evaluating 
the influence of lithium, selenium and co-treatment 
with these 2 elements on the homeostasis of the chosen 
microelements (iron, copper, zinc and manganese) in the liver 
and kidney of rats. Apart from contributing to knowledge 
of lithium and selenium relationships with the essential 
microelements, an attempt was made to estimate whether 
selenium supplementation could play a protective role in 
lithium-treated subjects. The bioelements were chosen taking 
into account their importance for the proper functions of the 
organism, as well as involvement in psychiatric disturbances 
[1, 19]. Liver and kidney were chosen, taking into account 
their detoxifying functions, as well as susceptibility to 
the influence of lithium. Animal studies seem to be most 
valuable, as in the case of humans, blood is the only available 
material and it is impossible to evaluate changes occurring 
in the organs.

MATERIALS AND METHOD

The study was performed on adolescent male Wistar rats (130 
– 160 g body weight). After a 3-day acclimatization period, 
the animals were randomly divided into 4 groups (6 animals 
each) and subjected to the experimental treatment for 3 weeks. 
During all treatments, the rats had free access to drinking 
water and standard feed LSM (AGROPOL S.J., Motycz, 
Poland) with no lithium and selenium supplementation. 
Details of the study design are presented in Figure 1.

The used doses of selenium (0.5 mg Se/kg b.w.) and lithium 
(2.7 mg Li/kg b.w.) were based on previous studies performed 
in our Department concerning the effect of selenium 
supplementation and lithium exposure on animal organisms 
[25, 26], as well as on available literature data [27,28]. The dose 
of lithium was comparable with that used in the therapy of 
bipolar disorders.

After the end of the administration period the rats were 
sacrificed and samples of liver and kidney were collected. 
The contents of iron, zinc, copper, manganese and lithium 
were determined using flame atomic absorption spectroscopy 
(FAAS), as described previously [29].

The experiment was performed according to statutory 
bioethical standards and approved by the I Local Ethical 
Commission of the Medical University in Lublin, Poland 
(Acceptance No. 1/2013).

STATISTICA programme (version 10.0) was used for 
statistical analysis. The normality of data distribution was 
verified by Shapiro-Wilk test. Analysis of the differences 
among the studied groups was performed with the application 
of a one-way analysis of variance (ANOVA), followed by 
Tukey test (normally distributed variables) or Kruskal-Wallis 
one way analysis of variance (non-normally distributed ones). 
Values were considered significant with p < 0.05.

RESULTS

No statistically significant differences were observed among 
the studied groups in the case of iron content in liver. The 
value obtained in rats given lithium, selenium or both 
elements, showed no difference compared to control, with 
the least difference being observed in the case of the Li+Se 
group (p = 0.16968, p = 0.57364, p = 0.97998, respectively) 
(Tab.  1). Similar results were obtained for kidney, with 
the value for the Li+Se-treated group differing the least 
compared to control (p = 0.87546 for Li-group, p = 0.24334 
for Se-group, p = 0.90493 for Li+Se one) (Tab. 2). The same 
lack of statistically significant differences was observed in the 
case of zinc in both organs (Tab. 1, Tab. 2). The p values for 
Li, Se and Li+Se groups vs. control were as follows: 0.93161, 
0.77571, 0.98384 in the case of liver and 0.99511, 0.93161, 
0.99138 for kidney. Copper content in liver did not show any 
significant differences among the studied groups with the p 
values compared to control being 0.99788, 0.52685, 0.99984 
for Li, Se and Li+Se groups, respectively (Tab. 1). Similarly, 
the differences in copper content in kidney were found to 
be statistically insignificant with p = 1.00000 in all cases 
(Tab. 2). Manganese content in both liver and kidney showed 
no significant differences among the studied groups with 
p = 1.00000 for Li, Se and Li+Se groups compared to control 
(Tab. 1, Tab. 2). Distinct from the other studied elements, 
statistical analysis showed significant differences in lithium 
content in liver. In animals receiving lithium, the tissue 
content of this element was significantly increased compared 
to all other groups (p = 0.00018 vs. control; p = 0.00018 vs. Se 
administered group; p = 0.00018 vs. Li + Se treated group). 
The values obtained in the Se and Li + Se groups did not 
differ markedly compared to control (p = 0.98468, p = 0.81288, 
respectively) (Tab. 1).

The same findings were obtained for kidney. A significant 
enhancement of lithium content in the Li-treated group 
compared to control (p = 0.00026) was accompanied with Figure 1. Experimental design
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a lack of distinct differences between control and Se-group 
(p = 0.37027), and particularly between control and Li+Se-
group (p  =  0.99986). Additionally, kidney lithium was 
significantly decreased in Se-administered animals, both 
alone and in co-treatment with Li vs. Li-alone administered 
group (p = 0.00433, p = 0.00028, respectively) (Tab. 2).

DISCUSSION

In the presented experiment, lithium administration caused 
its accumulation in the organs of experimental animals. 
These findings are consistent with other study reports. 
The accumulation of lithium in liver and kidney has also 
been reported in male rats receiving lithium carbonate in 
drinking water, and this effect was also characterized by 
a dose-dependency [14]. Other researchers also found its 
accumulation in the brain of fish undergoing environmental 
lithium exposure [17].

In the current study, neither lithium nor selenium treatment 
disturbed homeostasis of the other studied microlements in 
the organs of male rats. This issue has already been studied 
but the results are not unanimous. According to Tandon 
et al., dietary lithium (lithium carbonate, 1.1 g/kg,) did not 
alter iron and manganese and decreased zinc and copper in 
liver of female rats receiving normal protein diet. However, in 
animals receiving food with either a low or high protein level, 

no changes were observed in the studied bioelements, except 
for increased manganese in those fed with low protein [30]. In 
contrast, Dhawan et al. found that in liver of healthy female 
rats, provided with the same dose of dietary lithium, iron 
was significantly decreased while copper and zinc enhanced 
[31]. Apart from being inconsistencies, the presented results 
show that such factors as dietary composition or gender may 
contribute to relationships between lithium and different 
bioelements homeostasis in organs.

No distinct relationships were observed by Grotto et al. 
between lithium and bioelements in male rats receiving orally 
edible mushrooms Lentinula edodes (100, 400 and 800 mg/
kg/day for 30 days). In liver, lithium content did not show 
significant differences among the treated groups vs. control, 
manganese was decreased in animals given a medium dose, 
while copper and iron were decreased in those receiving the 
highest dose. In kidney, in turn, the middle and highest doses 
significantly decreased lithium content, but this effect was 
accompanied only with a well-marked decrease in manganese 
in the 800 mg/kg/day treated group [32].

Chmielnicka and Nasiadek reported that in female rats 
administered orally with 10 or 20 mg Li/kg b.w. for 5 weeks, 
serum and urinary lithium were enhanced in a very distinct 
dose-dependent way during the whole experiment. Copper in 
urine was also found to be markedly increased together with 
the duration of the treatment, but in this case, the differences 
between the studied groups were not so considerable, 
indicating that although lithium administration intensified 
Cu excretion by kidney, the Li dose is not a crucial factor [33].

Lithium therapy is also used in cases of manic depression 
with the aim of accelerating response to antidepressant 
drugs [1]. In several human studies, copper in the blood of 
depressive patients was found to be enhanced and treatment 
with antidepressants decreased it [19]. In the present study,  
the liver Cu in Li+Se-treated rats was not altered compared 
to control, but in kidney a slight increase was observed 
which could also indicate its intensified excretion with urine, 
although this issue needs further investigation.

The results of the current study concerning the lack of 
distinct relationships between zinc and lithium in organs 
were also partially confirmed by Skalny et al., who performed 
their study on male rats receiving zinc asparaginate 
intragastrically (5 or 15 mg/kg/day for 7 or 14 days). After 7 
days, liver Zn was increased only in the group receiving the 
higher dose, while in kidney, no changes were observed in 
zinc content, compared to control with no treatment. Liver 
lithium content, in turn, was not altered by any dose of zinc 
asparaginate vs. control, while in kidney, Li was decreased by 
the lower dose and enhanced by the higher one. After 14 days, 
in both organs, 5 mg of Zn asparaginate did not affect zinc 
content, while the 15 mg dose caused its significant increase 
vs. control. Compared to control, lithium was depressed in 
liver and enhanced in kidney. As a summary of the obtained 
results revealed, the enhancement of kidney lithium after the 
14-day-treatment was accompanied with its decrease in other 
organs (liver, heart and muscle gastrocnemius), the authors 
suggested that this might be caused by the intensification of 
lithium urinary excretion in rats treated with zinc [34]. Such 
results support the usefulness of the animal model and allow 
the presumption that the lack of any changes of liver and 
kidney zinc observed in the current experiment, to be a fact 
of considerable importance. The additional support for such 
an assumption can be the findings reported by Chadha et al. 

Table 2. Content of the studied elements in kidney of rats receiving 
lithium and/or selenium in mg/g of wet tissue.

Group Fe Zn Cu Mn Li

C
56.44 ± 
15.58

a

23.83 ± 2.77
a

6.08 ± 1.65
a

0.670 ± 
0.101

a

0.1844 ± 
0.0802

a

Li
60.94 ± 8.53

a

23.55 ± 1.20
a

5.33 ± 0.96
a

0.625 ± 
0.084

a

0.4827 ± 
0.1227

b

Se
68.08 ± 8.60

a

24.55 ± 2.19
a

5.59 ± 0.71
a

0.705 ± 
0.088

a

0.2729 ± 
0.1074

a

Li+Se
60.50 ± 6.44

a

23.49 ± 1.83
a

7.60 ± 3.48
a

0.690 ± 
0.092

a

0.1884 ± 
0.0340

a

Values are mean ± SD. Values in the column sharing the same superscript are statistically 
insignificant

Table 1. Content of the studied elements in liver of rats receiving lithium 
and/or selenium in mg/g of wet tissue

Group Fe Zn Cu Mn Li

C
97.58 ± 
10.23

a

34.87 ± 2.79
a

4.69 ± 0.41
a

1.288 ± 
0.059

a

0.0295 ± 
0.0079

a

Li
119.49 ± 

16.31
a

33.56 ± 2.41
a

4.64 ± 0.42
a

1.213 ± 
0.180

a

0.0933 ± 
0.0220

b

Se
110.78 ± 

18.66
a

36.97 ± 4.91
a

5.14 ± 0.73
a

1.257 ± 
0.184

a

0.0325 ± 
0.0117

a

Li+Se
101.50 ± 

22.79
a

34.08± 4.51
a

4.67 ± 0.59
a

1.333 ± 
0.178

a

0.0370 ± 
0.0135

a

Values are mean ± SD. Values in the column sharing the same superscript are statistically 
insignificant.
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whose research suggested the protective role of zinc against 
lithium hepatotoxicity [13].

A connection between lithium and different bioelements 
with kidney disturbances was also found in a recent study. 
The authors reported increased serum level of many elements, 
such as lithium, calcium, zinc, nickel, strontium and copper, 
accompanied by decreased iron in patients suffering from 
bladder cancer compared to healthy control, which led them 
to the conclusion that lithium, together with other elements 
like calcium, nickel and strontium, could be potential markers 
of bladder cancer [35].

The unchanged zinc content in the studied organs of rats 
receiving selenium seem to be a fact of great significance, 
considering the evidence of involvement of this element 
into the pathogenesis of depression, as well as its beneficial 
therapeutic effects in the cure of this disorder, including 
the enhancing the action of antidepressants. It is worth 
emphasizing that lithium is also used to potentiate the action 
of anti-depressive drugs [1].

Disturbances of iron homeostasis also proved to be 
connected with psychiatric disturbances [1]. The lack of even 
an insignificant difference between Fe in liver and kidney of 
animals treated simultaneously with Li and Se, seems to be 
additional support for the assumption that selenium could 
be a beneficial adjuvant in cases of psychiatric disorders 
treated with lithium.

Selenium level in diet may alter the profile of bioelements 
in plasma and organs, and the trends of the observed changes 
are different, which once again supports the usefulness of 
the animal model. Erkekoglu et al. found that an abnormal 
selenium level in diet (deficit or supplemented) resulted in 
decreased zinc, but unchanged Cu, Mn and Fe in plasma of 
male rats. In contrast, the influence of abnormal selenium in 
organs was different from that in liver where no effects were 
observed while in kidney, high Se enhanced Zn and decreased 
Cu and Mn, whereas low Se diminished only Mn [36].

The lack of effect of any applied treatment on the studied 
elements also seems to be of great importance considering 
the fact that they all form the constituents of antioxidant 
enzymes, and the pro-oxidative effects of Li exposure has 
been revealed with zinc showing a protective effect [37].

CONCLUSIONS

The results of the presented experiment suggest that 
selenium could be regarded as an adjuvant into lithium 
therapy. However, considering the limitations of the present 
study, e.g. short duration of treatment, using only one 
dose and one (inorganic) form of selenium, continuation 
of the research seems to be necessary, aimed at clarifying 
the influence of selenium supplementation on basic 
microelements and lithium accumulation in organs during 
lithium exposure.
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