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Abstract
Introduction. Selenium belongs to essential microelements and is used in agriculture. Lithium is used in medicine and the 
possibility of its exposure by environmental pollution has been reported. Both elements have been found to be connected 
with amino acids metabolism.�  
Objective. The aim of the study was to compare the effect of lithium and selenium on plasma amino acids in rats, and to 
evaluate the influence of selenium in organisms exposed to lithium.�  
Materials and method. The effect of selenium (0.5 mg/kg b.w., orally as Na2SeO3) and/or lithium (2.7 mg/kg b.w., orally as 
Li2CO3) given for 6 weeks on the plasma profile of selected amino acids in rats was studied. The concentrations of amino 
acids were determined using ion exchange chromatography with the aid of an amino acids analyzer AAA400.�  
Results. A significant effect of lithium on plasma amino acids profile was found in rats, much greater than for selenium. 
Selenium treatment slightly increased Tau, Phe, Tyr, Ala, Trp, Ser and Gln, while Lys and Orn were enhanced in a significant 
way. In contrast, Li-treatment caused a well-marked increase in Phe, Orn, Ala, His, Trp, Asp and Gln, whereas all the others 
were only slightly increased. Co-treatment resulted in a significant increase in Orn and Trp, a slight enhancement of Phe, 
Lys and His, while the rest remained unchanged.�  
Conclusions. A significant effect of lithium alone on plasma amino acids profile in animals was demonstrated, with a much 
less influence of selenium alone. Co-treatment generally resulted in a slight or no effect. The slight selenium influence seems 
important regarding its agricultural application and the growing interest in its supplementation. Results concerning lithium 
could contribute to the research regarding the mechanism of Li action.
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INTRODUCTION

Selenium belongs to the microelements essential for human 
beings. According to researchers, a billion people may be 
affected by its deficit. Since plants are a significant dietary 
source of selenium the issue of its level in soils represents an 
important problem as low Se soil levels have been stated in 
many regions of Asia, Africa and Europe [1, 2]. Furthermore, 
despite the fact that it is not regarded as an essential element 
for plants, many recent studies have indicated its great positive 
influence on plant growth, including a protective effect 
against water deficit stress [1, 3, 4]. Observations concerning 
the influence of selenium on human health, as well as the 
consequences of its deficit, including deterioration of the 
immune system, fertility problems, thyroid diseases or cancer 
risk [5], prompted the Se-enrichment of animal feedstuffs 
[6, 7], as well as the application of selenium compounds in 
cultivation [8]. Selenium deficit has also been found to be 
connected with different disorders, including disturbances 

of the nervous system, such as autism [9]. Furthermore, the 
relationships between metabolic syndrome in schizophrenia 
and selenium in serum have been observed [10].

However, an excess amount of this element can also show 
harmful effects, and the safe range of its intake is rather 
narrow. Researchers have indicated the risk of selenium 
poisoning resulting from using Se-rich products, by taking an 
overdose of supplements or environmental pollution caused 
by industrial and agricultural human activity [1, 2, 8, 11].

However, selenium treatment has been found to exert 
protective properties against various harmful effects, 
including the toxicity of chemical substances (e.g. mycotoxins, 
heavy metals or pesticides) [7, 12, 13]. Selenium-containing 
proteins have also been reported to influence brain functions 
through many mechanisms, including affecting GABA, 
dopamine, acetylcholine and glutamate neurotransmission 
[14]. Moreover, a selenocompound – ebselen, studied to-
date as an antioxidant agent and medicine, has been found 
to possess some lithium-mimetic properties. The results of 
the performed research has even made the authors suggest 
that ebselen could be used in mood disorders cure [15, 16, 
17]. The usefulness of such studies has been emphasized, 
having in view the narrow therapeutic range and numerous 
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side-effects of lithium – medicine used in mood disorders 
therapy [18].

Lithium has been used in medicine since the 1940s when 
its beneficial action in manic states was found. Since then, 
many other its pharmacological effects have been discovered, 
primarily in psychiatry. In addition to its antimanic 
properties, lithium has been shown to exert anti-depressant 
and ant-suicidal influence. As a mood stabilizer it is still 
recommended as the drug of first choice in the treatment 
of patients with bipolar disorder [19]. Despite large-scale 
research, the mechanism of the action of lithium remains 
unclear [20, 21]. However, among other things, research has 
revealed the relationships between amino acids homeostasis, 
neurotransmission, and lithium administration [15, 22, 
23]. This is consistent with the fact that, according to some 
authors, the neurotransmission systems play an important 
role in the course of affective disorders [24, 25].

Serotonin action has been found to be affected by lithium [26]. 
The potentialing effect of lithium on anti-depressants actions 
has also been connected with serotonin neurotransmission 
[27]. According to other studies, glutamatergic and GABAergic 
transmission has been suggested to be affected by lithium’s 
action [23]. Additionally, L-glutamic acid monosodium salt 
has been reported to attenuate Li-induced harmful influence 
on the development of animal embryos [18]. Research on the 
influence of lithium on different metabolic processes is all 
the more warranted because, apart from exposure resulting 
from medical application, the possibility of exposure 
to this element due to its presence in drinking water has 
been reported [28]. Moreover, researchers also indicate the 

problem of environmental pollution resulting from the use 
of lithium in batteries [29].

OBJECTIVES

Taking into account the facts presented above, a study 
was carried out aimed at evaluating the effect of selenium, 
lithium,  and both these elements administered together, 
on the plasma concentration of selected amino acids. The 
aims of the study were: 1) contributing to clarifying the 
influence of lithium and/or selenium on neurotransmission; 
2) comparison of the effect of lithium and selenium 
on  the  selected amino acids; 3) evaluating the effect of 
selenium co-treatment on plasma amino acids profile in 
organisms exposed to lithium; 4) evaluating the mutual 
relationships among the changes of the selected amino acids 
in plasma.

MATERIALS AND METHOD

The current study was carried on male Wistar rats (130–160 g 
b.w.), divided randomly into four groups with six animals in 
each group. The rats were subjected to the proper treatments 
for six weeks. For the entire experimental period the animals 
had free access to standard feed LSM (AGROPOL S.J., Motycz, 
Poland) with no additional lithium and selenium, and ad 
libitum access to drinking water. Details of the experimental 
design are shown in Figure 1.

Figure 1. Experimental design
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After the end of the treatment period, the rats were 
sacrificed, the blood collected, and plasma samples separated. 
Concentrations of the following amino acids: methionine, 
taurine, phenylalanine, tyrosine, lysine, ornithine, glycine, 
alanine, histidine, tryptophan, aspartate, serine, threonine, 
glutamine, glutamate, and g-aminobutyric acid, were 
determined using ion exchange chromatography with the 
aid of an amino acids analyzer AAA400.

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

Statistical analysis was performed by the STATISTICA 12.5 
PL programme. Shapiro-Wilk test was used for verification 
of the normality of data distribution. The differences among 
the experimental groups were determined with application 
of a one-way analysis of variance (ANOVA), followed by the 
post-hoc Tukey test for normally distributed variables, or the 
Kruskal-Wallis one way analysis of variance for non-normally 
distributed variables. Values were considered significant at 
p < 0.05. To evaluate the correlations between the selected 
amino acids, Spearman correlations coefficients, applied in 
cases of non-normal distribution, were determined.

RESULTS

Lithium insignificantly increased Met in comparison 
with control (p =0.2240). Selenium, both given alone and 
in co-treatment with lithium, did not change the plasma 
concentration (p = 1.0000 in both cases). In case of Tau, 
lithium enhanced its plasma concentration in an insignificant 
way (p = 0.1744). Similar to the case of Met, selenium, given 
both alone and in co-treatment with lithium, did not change 
the plasma concentration (p = 0.7343 and 0.9997, respectively) 
(Fig. 2A). Plasma concentrations of Tau and Met showed 
a positive correlation with Spearman correlation factor 
R = 0.6484; p = 0.0006 (Fig. 4A).

Plasma Phe was enhanced by lithium in a significant way 
(p = 0.0060) when compared to control. Selenium, both given 
alone and in co-treatment with lithium, changed plasma 
concentration, but the observed increase was not significant 
(p = 0.1904 and 0.3989, respectively). In the case of Tyr, the 
observed increase vs. control in animals given lithium was 
not significant (p = 0.1016).The selenium-administered groups 
also showed an increase vs. control, but this effect was not 
so considerable (Se alone – p = 1.0000; Se in co-treatment 
with lithium – p = 0.6681) (Fig. 2B). Plasma concentrations 
of Phe and Tyr showed a positive correlation with Spearman 
correlation factor R = 0.8785 and p = 0.0000 (Fig. 4B).

Figure 2. Plasma concentrations [mmol/dm3] of chosen amino acids in rats treated with lithium, selenium or both elements 
together. Values are mean ± SD. * p < 0.05 vs. control; ** p < 0.01 vs. control; # p < 0.05 vs. Li-group; ## p < 0.01 vs. Li-group
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Lys plasma concentration was not affected markedly by Li 
alone (p = 0.7855 vs. control) and Li+Se treatment (p = 0.6148 
vs. control). Surprisingly, Se alone caused a significant 
increase compared to control animals (p = 0.0076). Orn was 
enhanced in comparison to control in all studied groups 
(Li alone – p = 0.0069; Se alone – p = 0.0156; Li+Se-group – 
p = 0.0473) (Fig. 2C).

Gly concentration in plasma was insignificantly enhanced 
by Li treatment vs. control (p = 0.3969). The values obtained for 
Li alone and Li+Se groups differed significantly (p = 0.0326). Se 
administration did not cause any changes vs. control (p = 0.9994), 

while in the Li+Se group a slight decrease compared to control 
animals was observed (p = 0.5154). Similarly, Ala concentration 
in plasma was increased by lithium vs. control, but in this 
case in a significant way (p = 0.0031). Statistically significant 
differences were also found between Li alone and the Se alone 
groups (p = 0.0482), as well as between Li alone and Li+Se 
groups (p = 0.0078). Se-administration, alone and together with 
lithium, caused no well-marked changes compared to control 
(p = 0.5959 and p = 0.9756, respectively) (Fig. 2D).

Plasma His concentration was increased vs. control in all 
studied groups, but this effect reached significance only in 

Figure 3. Plasma concentrations [mmol/dm3] of chosen amino acids in rats treated with lithium, selenium or both 
elements together. Values are mean ± SD. * p < 0.05 vs. control; ** p < 0.01 vs. control; # p < 0.05 vs. Li-group; 
## p < 0.01 vs. Li-group

Figure 4. Correlations between Tau and Met (A) and between Phe-Tyr (B)
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the case of Li-treated rats (p = 0.0320). In the Se-group and 
Li+Se-group this effect was not well marked (p = 0.9012 and 
p = 0.2213 vs. control, respectively). Trp was also enhanced vs. 
control, but in this case lithium, given both alone and in co-
treatment with selenium, caused a well-marked effect, while 
Se alone only an insignificant effect (p = 0.0062 for Li alone, 
0. 2267 for Se alone, and p = 0.0120 for Li+Se-rats) (Fig. 3A).

Plasma Asp concentration was significantly increased by 
the administration of Li alone (p = 0.0118 vs. control). In the 
groups given selenium, both alone and together with Li, the 
differences vs. control did not reach significance (p = 0.7274 
and p = 0.9674, respectively). The values obtained in Li alone 
and Li+Se treated groups differed significantly (p = 0.0043). 
In the case of Ser, no statistically significant differences 
were observed. However, in animals treated with Li and 
Se alone, the average concentrations were higher than in 
control (p = 0.4056 and 0.4409, respectively). In contrast, in 
the Li+Se administered group, the noted value did not differ 
from control (p = 0.9899). Thr plasma concentration in the 
studied groups did not differ markedly compared to the 
control group (p values 0.2422, 0.8555 and 0.9999 for Li, Se 
and Li+Se groups, respectively) (Fig. 3B).

Gln in plasma was markedly enhanced in the Li alone 
group (p = 0.0115 vs. control) and insignificantly in Se alone 
(p = 0.2474 vs. control). No difference was found between 
control and Li+Se-treated rats (p = 1.0000). There was a 
significant difference between Li and Li+Se treated groups 
(p = 0.0151). Plasma Glu was insignificantly enhanced vs. 
control in Li and Se alone given animals (p = 0.8763; p = 0.5040). 
Again, no differences were found between control and Li+Se 
treated rats (p = 1.0000). GABA in turn was insignificantly 
increased in the Li alone group (p = 0.6604 vs. control), and 
practically unchanged in Se and Li+Se animals (p = 0.9949; 
0.9950, respectively) (Fig. 3C).

DISCUSSION

The current study concerned the changes in selected 
amino acids concentration in the plasma of rats receiving 
selenium and/or lithium. Selection of the amino acids was 
dictated mainly by their physiological role, as well by their 
relationships with the studied elements. Many of them act 
as neurotransmitters themselves or make their precursors. 
GABA, produced from glutamate, glycine and taurine, 
belong to inhibitory neurotransmitters while glutamate and 
aspartate belong to excitatory neurotransmitters [30]. Another 
important neurotransmitter, serotonin, is synthesized from 
tryptophan [31]. Phenylalanine in turn, converted into 
tyrosine, produces the precursor of catecholamines [32]. 
Histidine is a precursor of histamine, a biogenic amine 
which plays numerous physiological roles [33]. Serine has 
been found to be connected with selenium metabolism [34]. 
The connections between enzymes involved in amino acids 
(alanine and aspartate) metabolism and lithium exposure 
has also been stated [35].

In the presented study, selenium administration caused 
an increase in the plasma level of the selected amino acids, 
although this effect reached statistical significance only in the 
case of lysine and ornithine. The lack of a distinct connection 
between selenium treatment and different amino acids profile 
is essentially consistent with observations reported by other 
researchers in both human and animal studies.

The lack of relationships between selenium and total 
homocysteine concentration in plasma was found by Venn 
et al., who reported that in human subjects with suboptimal 
Se status who received selenium supplementation for 20 
weeks, an increase in selenium was not accompanied 
by any change in total homocysteine [36]. Nevertheless, 
contradicting results have also been reported. González 
et al. observed that in elderly subjects from nursing homes, 
serum selenium was associated with total homocysteine in 
an inverse way [37]. In another study, the influence of the 
potential lithium-mimetic organic selenocompound ebselen 
(3600 mg over 24 hours), administered to healthy volunteers, 
on selected metabolites in the anterior cingulate cortex and 
occipital cortex was studied. The results differed, depending 
on the region studied. In the anterior cingulate cortex, Glu, 
Gln and Glx (a composite of glutamate and glutamine) 
were decreased compared to a placebo group, while GABA 
was unaltered. In turn, in the occipital cortex, none of the 
mentioned parameters were affected [16].

Qu et  al. investigated the possible protective effect of 
sodium selenite against cadmium chloride toxicity, with both 
elements administered in the diet. Cadmium significantly 
decreased the content of the selected amino acids (valine, 
leucine, arginine and proline) in chicken pectoral muscle, 
and selenium showed a distinct restoring effect. However, 
selenium itself did not show any significant influence on the 
content of most of the studied amino acids [12].

Research on the effect of dietary selenium in the form of 
sodium selenite, given in combination with either vitamin 
E or vitamin E + oleuropein (a phenolic compound of 
antioxidant properties occurring in olive oils) to pigs for 35 
days, revealed that among 19 studied plasma amino acids, 
only cystine and lysine were affected; the former being 
enhanced and the latter decreased [38].

No direct connection was found between glutamine 
and selenium levels in the blood in humans suffering from 
different diseases [39, 40]. Animal studies also revealed no 
relationships between serum selenium and plasma amino 
acids profile in pathological states [41].

The results presented above show that selenium generally 
has little effect on the level of amino acids in the organism, in 
both the physiological and pathological states. This could be 
connected to the fact that enzymes involved into amino acid 
metabolism do not seem to be much influenced by selenium 
treatment. Elemental selenium in the form of nanoparticles 
(SeNPs) given to rats was found to cause a decrease in serum 
ALT while AST remained unchanged [42]. Ansar et al. did 
not observe any effect of sodium selenite – the form used in 
the current study – on both these enzymes in rats serum [43].

However, in the light of the latest research, the issue of the 
mutual relationships between Se and amino acids becomes 
more complicated, because dietary serine supplementation 
to sows resulted in no change of serum selenium, while 
serum selenoprotein P was increased [34]. The small effect of 
selenium treatment on amino acids plasma profile seems to 
be of importance considering its application in agriculture, 
as well as the still growing interest in its supplementation 
both in pathological and physiological states.

In the current study, lithium treatment generally increased 
the concentrations of all the studied amino acids. In the 
available databases there are few reports on the relationships 
between amino acids profile in blood and lithium treatment. 
The comparison is all the more difficult because the reported 
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animal studies often greatly differed from the current study 
in the method of administration, treatment time, and doses.

Pettegrew et al. studied the influence of intraperitoneal 
administration of lithium chloride on phospholipids 
and amino acids in brain of rats. The authors found that 
intraperitoneal Li-treatment for 14 days (2 mmol/kg) 
decreased brain taurine by 8% and increased aspartate by 
9%. Additionally, a very slight enhancement of glutamine and 
alanine was observed, while glutamate remained practically 
unchanged [44]. McFarlane et al. examined the tyrosine level 
in the serum and striatum of male rats during three hours 
following acute intraperitoneal treatment (3 mEq/kg) with 
lithium chloride. In serum, tyrosine was decreased in a 
significant way after one and 1.5 hours, while the striatal level 
was found to be depressed after 1.5 and two hours [20]. Bhalla 
et al. observed no effect of dietary lithium carbonate given 
for two months on cerebrum and cerebellum L-citrulline 
in rats [45].

The results of the performed human studies also showed 
some discrepancies. As they included patients with bipolar 
disorder, dependence was observed of Li influence on the 
responsiveness of the patients. Friedmann et  al. reported 
that in bipolar disorder subjects receiving lithium, grey 
matter Glx (glutamate + glutamine + GABA) was decreased, 
an effect that was positively correlated with the Li level 
in serum [46]. Zanetti et  al. studied the effect of lithium 
therapy in subjects suffering from bipolar disorder and 
receiving Li therapy for six weeks on selected metabolites 
in the left hippocampus. Although no significant difference 
in glutamate level before and after treatment was found, 
statistical analysis revealed very interesting relationships 
between the lithium concentration in plasma after six weeks 
and changes of hippocampal glutamate over time. Lower 
Li (0.2 – 0.49 mmol/L) was connected with a reduction 
in Glu level, and higher Li (≥ 0.5 mmol/L) with an overall 
enhancement of Glu [47].

The levels of amino acids in the plasma of bipolar disorder 
patients subjected to lithium therapy was also studied, while 
additionally taking lithium responsiveness into account. 
Compared to the healthy control, patients showed a decrease 
in different amino acids, including Val, Leu, Tyr, Phe, Glu, Pro 
and Lys, while Trp remained unchanged. Phe and Tyr were 
decreased in Li non-responders vs. healthy control, while in 
Li responders no alteration of those amino acids compared to 
control was observed. Interestingly, no significant differences 
between non-responders and responders regarding Phe and 
Tyr were noted, while Pro was lower in the responders group. 
However, it must be considered that non-responders were 
also administered other mood stabilizers [22].

The alterations of amino acids caused by lithium 
administration could also be connected with Li effect on 
aminotransferases. In the current study, both Ala and 
Asp were increased in Li-treated animals. Ben Saad et al. 
observed an enhancement of ALT and AST in the serum of 
rats receiving lithium carbonate [35]. However, in this case, 
contradicting outcomes were also reported by Park et  al. 
who did not observe any changes of these enzymes in obese 
rats given LiCl [48].

The results concerning the effect of lithium administration 
on amino acids plasma profile could contribute to the 
research regarding the mechanism of Li action, which seems 
to be important considering the growing concern about the 
possibility of environmental exposure to this element.

In the presented study, co-treatment with Li+Se generally 
resulted in a slight or no influence, except for a well-marked 
enhancement in the case of tryptophan and ornithine. It 
seems to be worthwhile to investigate further why only the 
mentioned amino acids were influenced to the greatest extend. 
These facts are all the more interesting considering that 
tryptophan is a precursor of serotonin, and lithium has been 
found to affect the serotonin pathway. Moreover, ornithine 
takes part in the urea cycle, and kidney disturbances are 
known to be connected with lithium treatment [49].

CONCLUSIONS

The current study has shown the significant effect of lithium 
alone on plasma amino acids profile in experimental animals, 
and the much less influence of selenium alone while co-
treatment generally resulted in a slight or no effect at all. The 
need for further research aimed at resolving the problem of 
mutual relationships and influence of lithium and selenium 
on amino acids profile, seems to be warranted all the more 
because, to the best of the authors’ knowledge, the reports 
on the influence of co-treatment with these two elements 
are scarce. Moreover, the slight influence of selenium seems 
to be of importance regarding its agricultural application 
and the still growing interest in its supplementation, while 
the results concerning lithium could contribute to research 
regarding the mechanism of Li action.
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