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Abstract Lithium is widely used in medicine, but its admin-
istration can cause numerous side effects. The present study
aimed at the evaluation of the possible application of seleni-
um, an essential and antioxidant element, as a protective agent
against lithium toxicity. The experiment was performed on
four groups of Wistar rats: I (control)}—treated with saline, 11
(Li)—treated with lithium (Li,COs), III (Se)—treated with
selenium (Na,SeO3) and IV (Li+Se)—treated with lithium
and selenium (Li,CO; and Na,SeOs) in the form of water
solutions by stomach tube for 6 weeks. The following bio-
chemical parameters were measured: concentrations of sodi-
um, potassium, calcium, magnesium, phosphorus, iron, urea,
creatinine, cholesterol, glucose, total protein and albumin and
activities of alkaline phosphatase, aspartate aminotransferase
and alanine aminotransferase in serum as well as whole blood
superoxide dismutase and glutathione peroxidase.
Morphological parameters such as red blood cells,
haemoglobin, haematocrit, mean corpuscular volume, mean
corpuscular haemoglobin, mean corpuscular haemoglobin
concentration, platelets, white blood cells, neutrophils as well
as lymphocytes were determined. Lithium significantly in-
creased serum calcium and glucose (2.65+0.17 vs. 2.43+
0.11; 162+31 vs. 121+14, respectively), whereas magnesium
and albumin were decreased (1.05+0.08 vs. 1.21+0.15; 3.85.
+0.12 vs. 4.02+0.08, respectively). Selenium given with lith-
um restored these parameters to values similar to those ob-
served in the control (Ca—2.49+0.08, glucose—113+26,
Mg—1.28+0.09, albumin—4.07+0.11). Se alone or co-
administered with Li significantly increased aspartate amino-
transferase and glutathione peroxidase. The obtained
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outcomes let us suggest that the continuation of research on
the application of selenium as an adjuvant in lithium therapy
seems warranted.
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Introduction

Lithium, recently included into the essential elements [1], has
been found to influence numerous metabolic processes and
exert divergent effects—both positive and negative. It is wide-
ly used in medicine, mostly in psychiatry as a mood stabilizer
in the therapy of bipolar disorders [2]. However, the applica-
tion of its compounds has also been studied in other fields of
medicine, as an adjuvant in patients with thyroid diseases
undergoing radioiodine therapy [3] and in the cure of neuro-
degenerative disorders [4]. As lithium displays beneficial
action only within a strongly determined range, the therapy
must be applied taking the appropriate precautions, all the
more that no correlation between the dose and serum concen-
tration of lithium occurs [5]. An overrun of the safe threshold
can cause side effects including disturbances of the nervous
and alimentary systems as well as renal and thyroid disorders
[5—7]. Relationships between carbohydrate and lipid metabo-
lism and lithium treatment have also been displayed [6]. Due
to these facts, it has been recommended that not only lithium
serum level but many other factors, e.g. creatinine and renal
and thyroid functions, should be monitored during the period
of therapy [8]. Furthermore, lithium administration has been
revealed to affect oxidant balance [9, 10]. Our previous studies
concerning the influence of lithium administration in drinking
water have also shown that this element caused depletion in
the antioxidant enzymes’ activities in some tissues of rats [11].
The attempts towards the possible application of essential
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antioxidant metals as protective agents against lithium action
have already been undertaken [12, 13].

Selenium, an essential trace element, is necessary to correct
an organism’s functions [14, 15]. Being a constituent of one of
the main antioxidative enzymes—glutathione peroxidase—
selenium is considered to be an antioxidant [14]. Research
has indicated that bipolar and neurological disorders like
epilepsy are associated with oxidative stress, and selenium
compounds can display neuroprotective effects by different
mechanisms, with the involvement of selenoproteins [14—19].
Selenium supplementation has been suggested to be beneficial
in psychiatric disorders [20]. Furthermore, selenium has al-
ready been studied in regard to its possible application as a
protective agent against toxicity caused by toxic metals and
compounds [15, 21].

The estimation of the beneficial influence of selenium on
organisms undergoing lithium administration is worth study-
ing all the more that the possibility of the supplementation of
drinking water with lithium is considered. It is caused by the
fact that inverse associations between lithium level in drinking
water and crime and suicide rates have been reported, al-
though the results of the performed studies remain divergent
[22]. It seems to be possible that selenium co-administration
could exert beneficial effects in patients suffering from psy-
chiatric or neurological disorders and undergoing lithium
therapy. Aiming at verifying the presented assumption, we
undertook this pilotage study—evaluation of the influence of
selenium given in the form of acknowledged inorganic sup-
plement sodium selenite, still used in clinical practice [23] and
as a supplement of animal food [24], on blood parameters in
rats receiving lithium.

Materials and Methods
Animals

The experiment was performed on male Wistar rats (32 ani-
mals, 130-160 g body mass, 6 weeks old). After an acclima-
tization period of 3 days, the animals were randomly divided
into four groups (eight animals each): group I (control)}—
treated with saline, group II (Li)—treated with lithium (as
Li,CO3) at a dose of 2.7 mg Li’kg b.w., group III (Se)—
treated with selenium (as Na,SeOs) at a dose of 0.5 mg Se/
kg b.w., and group IV (Se+Li)—treated simultaneously with
lithium and selenium (Li,CO; at a dose of 2.7 mg Li/kg b.w.
and Na,SeO; at a dose of 0.5 mg Se/kg b.w.). The doses and
period of treatment were established basing on our previous
studies regarding the effects of lithium and selenium on ani-
mal organisms to enable the comparison of the obtained
results [11, 25]. The administered compounds were given in
the form of water solutions. The administration was per-
formed by stomach tube for a period of 6 weeks, once a day.
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The body mass of each animal was measured every day before
administration, and the appropriate amount of selenium and/or
lithium solutions was calculated. Rats had free access to
standard feed (LSM produced by AGROPOL S.J., Motycz,
Poland, without lithium and selenium supplementation) and
drinking water. The study was performed according to statu-
tory bioethical standards and approved by the I Local Ethical
Commission of the Medical University of Lublin, acceptance
no. 1/2013.

Serum Biochemistry

After the end of the experiment, animals were sacrificed under
thiopental narcosis, and samples of blood were collected.
Electrolytes (sodium, potassium), as well as other biochemical
parameters (calcium, magnesium, phosphorus, iron, urea, cre-
atinine, cholesterol, glucose, total protein, albumin and activ-
ities of chosen blood enzymes: alkaline phosphatase (ALP),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT)), were measured in serum using the AVL 9180
Electrolyte Analyzer (Roche, Germany) and Chemistry
Analyzer BS-130 (Mindray, China), respectively.

Assay of the Morphological Parameters

Morphological parameters: red blood cells (RBC),
haemoglobin (HGB), haematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC), plate-
lets (PLT), white blood cells (WBC), neutrophils as well as
lymphocytes were determined using the Scill Vet abc Plus+
(HORIBA Medical, Germany) apparatus.

Assay of Antioxidant Enzymes

Activities of antioxidant enzymes, superoxide dismutase
(SOD) and glutathione peroxidase (GPx), were determined
using diagnostic kits RANSOD and RANSEL, respectively,
produced by RANDOX, and expressed in units per gram of
HGB. The assays were performed using spectrophotometer
SPECORD M40 (Zeiss, Jena, Germany).

Statistical Analyses

The differences among the studied group were determined
using a one-way analysis of variance (ANOVA), followed
by the Tukey-Kramer test post hoc when appropriate.
Software STATISTICA 6.0 was used. Values were considered
significant with p<0.05.
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Table 1 The influence of lithium ] ]
or/and selenium on electrolytes Parameter Control (n=8) Li+Se (n=8) Li (n=8) Se (n=8)
and biochemical parameters in
serum of rats Na [mmol/L] 142+1 144+2 143+1 143+4
K [mmol/L] 53404 52405 51402 51405
Ca [mmol/L] 2.43+0.11 2.49+0.08 2.65+0.17%** 2.56+0.06
Mg [mmol/L] 1.21+0.15 1.28+0.09" 1.05+0.08%** 1.20+0.03
P [mmol/L] 2.79+0.41 2.98+0.23 2.81+0.04 2.80+0.09
Fe [umol/L] 25.4+6.3 22.9+39 20.8+6.4 22.3+4.7
NEX 8+7. RE=UR .8+5.
Values are meant-SD Urea '[rr.lg/dL] 35.7+4.0 35.8+7.9 37.8+7.8 35.8+5.2
. . Creatinine [mg/dL] 0.34+0.12 0.39+0.05 0.34+0.12 0.35+0.02
n number of animals in the group
« . . Cholesterol [mg/dL] 50+7 47+7 46+10 48+3
‘p<0.01, significantly different . -
vs. Li group; **p<0.05, signifi- Glucose [mg/dL] 121+14 113£26 162+31 131+36
cantly different vs. Li group; Total protein [g/dL] 5.93+0.22 6.17+0.22 6.12+0.28 6.09+0.09
*#%p<0.05, significantly different  Afbumin [g/dL] 4.027+0.08 4.07+0.117 3.8540.12%** 3.94+0.08

vs. control group

Results
Electrolytes and Biochemical Parameters

Neither lithium nor selenium alone altered sodium and potas-
sium in serum. Co-administration of these two elements also
exerted no effect. On the contrary, calcium and magnesium
levels were affected (ANOVA p=0.0142, p=0.0054, respec-
tively). Calcium was significantly increased vs. control in Li-
treated animals, whereas Li and Se together restored Ca to the
value comparable to that observed in the control group.
Magnesium was markedly decreased in the Li group, whereas
neither selenium alone nor lithium+selenium changed Mg
level vs. the control. Selenium given with Li markedly in-
creased Mg when compared to the Li-alone group.
Phosphorus and iron were not changed when compared to
the control in any studied group. Urea, creatinine, cholesterol
and total protein in serum were not altered in comparison with
the control group. Glucose and albumin levels were affected
(ANOVA p=0.0159, p=0.0049, respectively). Glucose was
significantly enhanced in Li-receiving rats vs. the control, and
co-administration of Se decreased it markedly in comparison

to the Li-alone group. Albumin level was decreased in Li-
receiving animals, whereas neither Se alone nor Se given with
lithium showed any effect vs. the control. However, in the
group receiving Li+Se, albumin was significantly enhanced
vs. the Li-alone group. All the reported results are presented
below (see Table 1).

Morphological Parameters

Morphological parameters—red blood cells, haematocrit,
haemoglobin, mean corpuscular volume, mean corpuscular
haemoglobin, mean corpuscular haemoglobin concentration,
platelets, white blood cells, neutrophils as well as lympho-
cytes were not altered by the administration of lithium or/and
selenium in comparison with the control group (see Table 2).

Blood Enzymes

Statistical analysis showed the differences among the studied
groups in the case of AST, ALT and GPx (ANOVA p=0.0173,
p=0.0199, p<0.0001, respectively). AST was increased sig-
nificantly in the Se and Li+Se groups vs. the control. ALT in

Table 2 The influence of the ad-

ministration of lithium or/and se-
lenium on morphological param-
eters in rats

Values are mean+SD

n number of animals in the group,
RBC red blood cells, HGB
haemoglobin, HCT haematocrit,
MCV mean corpuscular volume,
MCH mean corpuscular
haemoglobin; MCHC mean cor-
puscular haemoglobin concentra-
tion, PLT platelets, WBC white
blood cells

Parameter Control (n=28) Li+Se (n=8) Li (n=8) Se (n=8)
RBC [10%mm?] 7.5+0.6 7.8+0.6 7.9+0.3 7.8+0.5
HGB [g/dL] 145+0.3 14.3+0.5 14.5+0.4 14.7+0.6
HCT [%] 424+22 41.8+2.7 432+1.1 43.0+2.8
MCV [um?] 57+3 5442 5442 55+1
MCH [pg] 19.4+1.5 18.7+1.0 18.3+0.6 19.0+0.8
MCHC [g/dL] 34.0+0.4 342+13 33.6£0.5 343+1.1
PLT [10*/mm?] 715475 749+92 710454 644+78
WBC [10*/mm’] 42+13 49427 42+19 49+1.6
Neutrophils [10*/mm’] 1.3+0.6 1.1+£0.3 0.84+0.3 0.9+0.6
Lymphocytes [10*/mm?] 2.8+0.9 37427 33+1.6 37+13
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Table 3 The influence of the administration of lithium or/and selenium
on blood enzymes

Parameter Control (n=8) Li+Se (n=8) Li(n=8) Se (n=28)
ALP [U/L]  154+41 147+42 193+60 138+20
AST [U/L]  148+25 181£18* 184+25 195+32%
ALT [U/LL] 5249 63+11 56+5 68+9%

Values are mean+SD

ALP alkaline phosphatase, A4ST aspartate aminotransferase, ALT alanine
aminotransferase, n» number of animals in the group

*p<0.05, significantly different vs. the control group

the Se-treated group was increased when compared to the
control (see Table 3).

Whole blood GPx activity was enhanced in the Se and Li+
Se groups vs. both control and Li-alone animals. Whole blood
SOD was not changed in rats receiving lithium and/or seleni-
um in comparison with the control (see Fig. 1).

Discussion

In available data, there are rather few reports concerning
correlations between lithium and selenium. Broberg et al. have
found a negative correlation between lithium urinary concen-
tration and plasma free thyroxine (T,) level as well as a
positive correlation between urinary selenium and T4 in wom-
en who were residents of areas with high lithium level in
drinking water [26]. Selenium deficiency and lithium admin-
istration have been found to be connected with autoimmune
thyroid diseases [27].

In the current study, intragastric administration of lithium
altered neither sodium nor potassium in serum. Similarly, no
changes of plasma sodium in rats fed a Li-containing diet were
reported [7].

Lithium administration disturbed the chosen biochemical
parameters—calcium, magnesium, glucose and albumin in

Fig. 1 The influence of the

GPx [U/g of HGB]

the serum of rats. Calcium was enhanced in Li-treated rats
which is consistent with outcomes reported by Tandon et al.
[28]. Selenium co-administration restored both magnesium
and calcium levels in serum. The latter fact seems to be of
great importance as hypercalcaemia was found to be associ-
ated with long-term use of lithium [29]. Moreover, an in-
creased Ca/Mg ratio was found in the serum and cerebrospinal
fluid of depressed subjects [30]. The current experiment also
revealed an ameliorating effect of selenium in the case of
glucose. It is a very important result considering the relation-
ships between lithium and enzymes involved in glucose me-
tabolism [29, 31, 32]. Intravenous lithium was reported to
cause an increase in plasma glucose and depletion of plasma
insulin in normal rats [33]. Studies also revealed the occur-
rence of hyperglycaemia as one of the metabolic disturbances
noted in bipolar disorder patients [34]. In the present study,
albumin was significantly decreased in Li-treated animals and
restored by selenium administration, whereas no changes of
total protein were shown. Tandon et al. did not observe any
changes in albumin in the serum of rats fed diets with different
protein levels, but the period of the experiment was a little
shorter (1 month). Total protein was not disturbed [35].

This experiment did not reveal any Li effect on serum urea
or creatinine. It could result from the fact that the Li dose was
rather low. In rats fed a diet with added lithium, plasma urea
was significantly depleted after 4 weeks, but creatinine
remained unchanged in spite of the decreased creatinine clear-
ance [7]. Another experiment performed on rats given a diet
containing Li,CO; showed that it was already after 7 days
when a significant increase in serum urea as well as creatinine
was observed, whereas urinary urea was strongly diminished
pointing to an alteration of kidney functioning. Moreover, this
effect remained throughout the experiment (28 days) [36].
Also, in mice receiving injections of lithium carbonate, the
lowest dose did not alter serum creatinine, whereas higher
ones caused its significant increase as early as after 14 days
[37]. The current study showed no effect of lithium on urea
and cholesterol. Ahmad et al. [6] reported the same outcomes

SOD [U/g of HGB]

administration of lithium or/and 700

selenium on chosen whole blood i C 8000

antioxidant enzymes. SOD 600 T 7000

superoxide dismutase and GPx J_ wx O I
glutathione peroxidase. Values 500 6000

are mean+SD, n=8 (number of J_
animals in the group). 400 ]- 5000

**%p<0.001, significantly
different vs. the control group,

j_ L 4000 T -

300
“p<0.001 significantly different

vs. the Li group 200

3000 —
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2000 A —
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concerning potassium in rats given lithium chloride, whereas
urea was found to be enhanced and high density lipo-
proteins decreased. However, both the period of the
experiment and the applied dose were greater. Glucose
in turn was found to be increased both in this study and
in the experiment performed by Ahmad et al. [6] which
could show that glucose is a parameter more vulnerable to
lithium’s presence in an organism and that lithium affects
carbohydrate metabolism more quickly than that of lipids
and nitrogen balance.

In the present study, serum ALP and AST were not changed
markedly by Li treatment although slight enhancement was
observed, whereas ALT remained unchanged. On the contrary,
Ahmad et al. observed a significant decrease in all these
enzymes’ activities in rats receiving lithium chloride in drink-
ing water. However, the period of the experiment was a little
longer [6].

In the present study, no applied treatment caused any
changes of the morphological parameters. Similarly, dietary
lithium given for a period of 2 months did not affect signifi-
cantly haemoglobin and haematocrit in rats, but that longer
time of exposure resulted in a well-marked increase in total
leukocyte counts, neutrophils and lymphocytes [13]. Co-
treatment of zinc restored total leukocyte counts and lympho-
cytes which could confirm the usefulness of antioxidants for
alleviating lithium therapy side effects. The presented results
show that longer administration of lithium can influence the
immune system. As an adequate selenium level in an organ-
ism is connected with proper functioning of the immune
system [38], these observations encourage further research
on adjuvant selenium therapy in patients receiving lithium,
particularly during long-term treatment.

Studies revealed that among other things, lithium toxicity
can be connected with oxidative stress [6, 10, 13, 36], but
contradicting outcomes were also reported [39, 40].
Furthermore, oxidative stress was also found to be involved
into the pathophysiology of bipolar disorder [40, 41]. As long-
term lithium therapy is used in the cure of this disease, the
question of the influence of lithium on oxidative processes is
an issue of great importance. The organisms developed a
complex system of defence against oxidative stress which
includes numerous substances, among other things antioxi-
dant enzymes, namely superoxide dismutase, glutathione per-
oxidase and catalase [14, 40, 42, 43]. In this pilotage study, we
investigated two of them: superoxide dismutase and glutathi-
one peroxidase.

The period of the current experiment was very short when
compared to psychiatric patients, and no lithium influence on
SOD was displayed. However, even in such a short period, the
tendency towards beneficial effect of selenium was shown.
Lithium given for a longer period (2 months) caused a signif-
icant decrease in SOD in rats [13]. Khairova et al. [39] found
decreased SOD in healthy subjects undergoing Li treatment.

These outcomes seem to confirm our assumption regarding
possible adjuvant application of any antioxidant in lithium
treatment. In the present study, selenium markedly enhanced
GPx vs. the control, whereas in the case of SOD, only a slight,
insignificant increase was observed. Similar observations
were reported by El-Demerdash and Nasr [21].

In available data, there are not too many reports regarding
relationships between lithium and iron. However, the study
concerning the levels of different elements in hair of
haemodialysis patients revealed that the statistically signifi-
cant increase in iron was accompanied with a slight decrease
in lithium [44]. In the present study, serum iron as well as
mean corpuscular haemoglobin was slightly decreased in the
lithium-treated group, and selenium co-administration seemed
to exert a slight beneficial effect. Dhawan et al. also observed
depressed iron in lithium-administered rats [45]. As the period
of our experiment was rather short, further studies could allow
the clarification of the issue on whether lithium administration
could disturb iron homeostasis and whether selenium might
alleviate such effect.

Co-administration of selenium restored significantly the
lithium-disturbed levels of calcium, magnesium, albumin
and glucose, and a similar effect, although insignificant, was
noted in the case of iron level. Antioxidant enzymes were
enhanced. To conclude, the obtained outcomes of this pilotage
experiment let us suggest that the application of selenium as
an adjuvant in lithium therapy is worth considering. Further
studies are needed to solve the issue of the proper dose and
form of selenium supplementation.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
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