
Abstract. – OBJECTIVE: Despite numerous side
effects, including heart disturbances, lithium is
still used in medicine. Selenium treatment can
protect against toxicity of harmful substances
and side effects of other drugs. In this study
possibility of sodium selenite application as an
adjuvant in lithium treatment was studied.

MATERIALS AND METHODS: Male Wistar rats
were treated with: control - saline; Li group -
Li2CO3 (2.7 mg Li/kg b.w.); Se group - Na2SeO3

(0.5 mg Se/kg b.w.); Li+Se group simultaneously
with Li2CO3 and Na2SeO3 (2.7 mg Li/kg b.w. and
0.5 mg Se/kg b.w., respectively) by stomach tube
for a period of six weeks, once a day. In heart ho-
mogenates total antioxidant status (TAS), activi-
ties of catalase (CAT), superoxide dismutase
(SOD) and glutathione peroxidase (GPx) as well
as concentrations of ascorbic acid (AA), reduced
glutathione (GSH) and malonyldialdehyde (MDA)
were determined. SOD/GPx, CAT/GPx and
SOD/CAT ratios were evaluated.

RESULTS: TAS was insignificantly increased,
particularly in groups receiving selenium. GPx
was slightly decreased in Li group and partially
restored by Li+Se treatment. Selenium markedly
enhanced AA concentration vs. control. MDA was
increased significantly in Li and Se groups and
restored in Li+Se treated. SOD/GPx and CAT/GPx.
Ratios were slightly increased in Li group and re-
stored by selenium co-administration.

CONCLUSIONS: As Li+Se treatment resulted
in no significant differences vs. control and re-
stored MDA, SOD/GPx and CAT/GPx ratios. Re-
search on selenium application during lithium
therapy seems to be worth continuation.
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Introduction

Lithium has been used in medicine for more
than sixty years. It is applied in curing psychi-
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atric and neurological diseases1,2 as well as an ad-
juvant in therapy of thyroid disorders3. However,
apart from beneficial effects, lithium treatment
can result in numerous side effects. The harmful
action of lithium can include disturbances of
heart, kidney, glands and gastrointestinal system
functions4,5. Clinical research has revealed elec-
trocardiographic changes in patients undergoing
lithium therapy, even with lithium being in the
therapeutic dose range5,6. Cardiac injuries may
also be involved into teratogenic effects of lithi-
um treatment7. As the presented effects may con-
siderably affect the living conditions and compli-
ance of patients, the research on finding any pro-
tective adjuvant, whose administration could be
efficient at alleviating side effects of lithium has
been performed. The investigations have includ-
ed different substances possessing antioxidant
properties and the outcomes have seemed to be
encouraging8-11.

Despite of being a trace element, selenium
plays an important role in the correct functioning
of the organism. Among others, it has been found
to affect the cardiovascular system. Selenium de-
ficiency has been reported to increase heart dys-
functions observed in pathological conditions
and cardiotoxicity of drugs as well as to induce
cardiomyocyte injury12-14. The effect of selenium
supplementation in form of sodium selenite has
been studied in patients with coronary artery dis-
ease and the outcomes have been promising15.
Since selenium is considered as belonging to an-
tioxidants and oxidative stress is involved in
pathogenesis of numerous severe diseases, the
growing interest in possible application of sele-
nium in medicine is still being observed. Among
others, the protective effect of selenium treat-
ment against toxicity of food and environment
constituents has been found. Its beneficial action
has been displayed in case of exposure to acry-
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(w/v) tissue homogenates were prepared in 0.1
mol dm-3 Tris-HCl buffer, pH = 7.4. Supernatants
were obtained by centrifugation at 5000 × g for
30 min.

Biochemical Investigations
The following oxidant parameters were deter-

mined in heart homogenates: total antioxidant
status (TAS); activities of antioxidant enzymes:
catalase (CAT), glutathione peroxidase (GPx)
and superoxide dismutase (SOD); concentrations
of low-molecular weight antioxidants: ascorbic
acid (AA) and reduced glutathione (GSH) as
well as concentration of a marker of lipid peroxi-
dation malonyldialdehyde (MDA).

TAS values in plasma were assayed using di-
agnostic kit by RANDOX (Randox Laboratories
Ltd, Crumlin, County Antrim, UK) and ex-
pressed in mmol of TAS/g of protein.

CAT activity was determined using a spec-
trophotometric method described by Aebi28 and
expressed in U of CAT/mg of protein. One unit of
CAT was defined as such an amount of the en-
zyme which causes the decomposition of 1 mmol
of H2O2/minute at 25˚C.

SOD and GPx activities were assayed using
diagnostic kits RANSOD and RANSEL pro-
duced by RANDOX (Randox Laboratories Ltd,
Crumlin, County Antrim, UK) and expressed in
U of SOD/mg of protein and U of GPx/g of pro-
tein, respectively.

AA concentration was determined using modi-
fied Kyaw method29 and expressed in mmol of
AA/g of protein.

GSH concentration was determined using
BIOXYTECH® GSH-400TM kit produced by Oxis-
ResearchTM (OXIS Health Products, Inc., Portland,
OR, USA) and expressed in mmol of GSH/g of
protein.

MDA concentration was determined using
Ledwoz

.
yw et al30 method and expressed in µmol

of MDA/g of protein.
Protein was assayed using Bradford method31.
The measurements were performed with use

of spectrophotometer SPECORD M40 (Carl
Zeiss, Jena, Germany).

SOD/GPx, CAT/GPx and SOD/CAT ratios
were evaluated.

Statistical Analysis
All statistical analyses were performed using

STATISTICA program (version 10.0). The nor-
mality of data distribution was verified using
Shapiro-Wilk test. The differences among the

lamide16, mycotoxins17,18 as well as toxic metals
and their compouds19-22. Research on selenium
application as an adjuvant protecting against side
effects of some drugs e.g.: cisplatin or neurolep-
tics has also been performed, resulting in encour-
aging outcomes23,24. The studies have included
different forms of selenium, both inorganic se-
lenite20 and organic compounds19,21 as well as se-
lenium enriched natural products25. Moreover,
due to the development of nanotechnology, the
attempts towards medical application of selenium
nanoparticles have been made recently26.

The present study was carried out with the aim
of evaluating if selenium could be applied as a
protective adjuvant in patients undergoing lithi-
um treatment. An inorganic selenocompound
sodium selenite was chosen because it is easily
assimilated and still used in scientific stud-
ies17,18,27.

Materials and Methods

Animals
The experiment was carried out on adolescent

male Wistar rats (24 animals, 130-160 g body
weight). Rats had free access to standard feed
and drinking water. The study was performed ac-
cording to statutory bioethical standards and ap-
proved by I Local Ethical Commission of Med-
ical University of Lublin, acceptance no.1/2013.

Experimental Design
After acclimatization period of three days the

animals were randomly divided into four groups
(six animals each):
• K (control) – treated with saline;
• Li group – treated with lithium (as Li2CO3) at

a dose of 2.7 mg Li/kg b.w.;
• Se group – treated with selenium (as Na2SeO3)

at a dose of 0.5 mg Se/kg b.w.;
• Li+Se-group – treated simultaneously with

lithium (Li2CO3) and selenium (Na2SeO3) at a
dose of 2.7 mg Li/kg b.w. and 0.5 mg Se/kg
b.w., respectively.
The administration was in form of water solu-

tions given by stomach tube. The compounds
were given for a period of six weeks, once a day.
Body mass of each animal was measured every
day before administration and the appropriate
amount of selenium and/or lithium solutions was
calculated. After the end of the treatment the ani-
mals were sacrificed under thiopental narcosis
and samples of heart were collected. Ten per cent
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the differences were not significant (p = 0.168
and p = 0.063, respectively).

The obtained results are presented in Figure 2.

Discussion

In the present study no significant effect of
lithium on elements of antioxidant barrier as well
as on the ratios of antioxidant enzymes activities
in rat heart was observed. This fact could be con-
nected with rather short period of experiment and
possibly with a small dose of lithium, too. How-
ever, insignificant depletion of GPx as well as
slight increase in SOD/GPx and CAT/GPx ratios
were found. According to some authors32 the in-
creased SOD/GPx is regarded as a symptom of
oxidative stress. MDA concentration was
markedly increased in Li treated group, which is
consistent with other studies33-35 which have re-
vealed the occurrence of oxidative stress in ani-
mals exposed to lithium. Co-administration of se-
lenium proved to be efficient at restoring of these
parameters, at least to some degree. Furthermore,
no significant differences were found between
control and Li+Se treated group.

The available data concerning oxidative
processes in heart of experimental animals ex-
posed to lithium are scarce. In heart of rats re-
ceiving lithium orally significantly decreased
adenosine triphosphate (ATP) level was found.
It could be linked with oxidative status as ATP
is an energy storage and major part of energy in
heart comes from mitochondrial oxidative
processes9.

In the current study TAS was not influenced
by any treatment vs. control, although slight en-
hancement, particularly in Se and Li+Se groups,
was observed. Wu and Huang36 observed that
neither Se deficit in diet nor Se supplementation
exerted any effect on total antioxidant capacity in
the heart. Selenium given in drinking water
caused no significant alterations of this parame-
ter in aorta and arterial walls, either36,37.

We observed no significant influence of sele-
nium alone or given together with lithium on
heart CAT activity. Similarly, no effect of dietary
sodium selenite on heart CAT was noted by Ben
Amara et al38.

Despite the fact that selenium is a constituent
of GPx, in the current experiment in Se group a
slight decrease in GPx activity was found. These
outcomes are consistent with the findings report-
ed by Romanowska et al39 who revealed that in
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studied groups were analyzed using one-way
analysis of variance (ANOVA), followed by
Tukey test (for normally distributed variables) or
Kruskal-Wallis one way analysis of variance (for
non-normally distributed variables). Values were
considered significant with p < 0.05.

Results

TAS (total antioxidant status) was slightly in-
creased in all the studied groups although no statis-
tical significance was obtained vs. control. Howev-
er, in Se and Li+Se groups this effect was more
distinct (p = 0.206 and p = 0.147, respectively).

CAT (catalase) was not influenced by lithium
and/or selenium administration.

GPx (glutathione peroxidase) was insignifi-
cantly depressed in Li group vs. control (p =
0.147) and slightly increased in Se group com-
pared to Li alone group (p = 0.213).

SOD (superoxide dismutase) activity was
slightly decreased in Se and Li+Se treated rats
vs. control (p = 0.151 and p = 0.242, respective-
ly) as well as vs. Li group (p = 0.056 and p =
0.092, respectively).

AA (ascorbic acid) concentration was marked-
ly increased by selenium alone administration
compared to control (p = 0.019). In Li+Se treated
animals slight depletion vs. selenium alone
group was observed (p = 0.078).

GSH (reduced glutathione) concentration val-
ues showed no distinct differences among the
studied groups. MDA (malonyldialdehyde) con-
centration was significantly increased in both Li
alone and Se alone groups compared to control
(p = 0.041 and p = 0.031, respectively). In Li+Se
treated animals, the obtained value was not dif-
ferent from the one noted in control (p = 0.957).

The obtained results are presented in Figure 1.
SOD/GPx ratio was insignificantly enhanced

in animals treated with lithium alone vs. control
(p = 0.068). In Se group the obtained value was
markedly diminished compared to Li alone
group (p = 0.023). In rats given Li+Se the ob-
tained value was practically the same as that ob-
served in control (p = 0.998).

CAT/GPx ratio was enhanced by Li treatment
vs. both control and Se group but this effect was
insignificant (p = 0.211 and p = 0.294, respec-
tively). In all the other groups similar values
were found.

SOD/CAT ratio was slightly decreased in Se
group rats compared to control and Li group, but



cells incubated in the presence of selenium, GPx
was enhanced at first with the increase in Se con-
centration up to some level, but then the “satura-

tion” occurred. Venardos et al40 showed, in turn,
that in hearts taken from rats fed Se free or defi-
cient diet and subsequently subjected to is-
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Figure 1. Effect of lithium and/or selenium supplementation on oxidative parameters in rat heart. K (control) - treated with
saline; Li group – treated with lithium (as Li2CO3) at a dose of 2.7 mg Li/kg b.w.; Se group – treated with selenium (as
Na2SeO3) at a dose of 0.5 mg Se/kg b.w.; Li+Se-group – treated simultaneously with lithium (Li2CO3) and selenium (Na2SeO3)
at a dose of 2.7 mg Li/kg b.w. and 0.5 mg Se/kg b.w., respectively. Parameters are expressed: TAS (total antioxidant status) in
mmol/g of protein; CAT (catalase) in U/mg of protein; GPx (glutathione peroxidase) in U/g of protein; SOD (superoxide dis-
mutase) in U/mg of protein; AA (ascorbic acid) in µmol/g of protein; GSH (reduced glutathione) in µmol/g of protein; MDA
(malonyl dialdehyde) in µmol of MDA/g of protein. *p < 0.05 vs. control; **p < 0.01 vs. control.



vations were reported in rats fed with Se en-
riched diet38.

According to the results of some investiga-
tions toxicity of lithium can be connected with
the occurrence of oxidant stress in blood33,35 and
different organs34. Due to these outcomes the at-
tempts towards finding any adjuvant which
could alleviate side effects of lithium, have been
performed to date, including different sub-
stances possessing antioxidant properties. Zinc
was shown to be effective in improving of the
disturbances of oxidant parameters, resulting
from lithium exposure, in erythrocytes11 and
partially in liver10. The similar beneficial effect
was revealed by substances of natural origin,
possessing the antioxidant properties, in kidney8

and liver9. Natural substances of plant origin
were also found to prevent oxidative damage
occurring in lithium-pilocarpine induced status
epilepticus41,42.

The present work revealed that co-administra-
tion of selenium restored, at least to some degree,
the parameters disturbed by lithium treatment.
Other authors observed the similar inhibition of
oxidant stress caused by different forms of seleni-
um in animals exposed to toxic substances. Sele-
nium prevented oxidative stress in retina of rats
exposed to acrylamide16. Sodium selenite partially
inhibited lipid peroxidation as well as prevented
depletion of antioxidant enzymes in liver of cad-
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chaemia-reperfusion before measurements GPx
was decreased, whereas in Se supplemented ani-
mals no enhancement of GPx was found, despite
using the diet of selenium content fourfold in-
creased compared to control. Selenium supple-
mentation did not either cause any increase in
GPx activity in heart and aorta or GPx and GPx
mRNA level in arterial walls of rats36,37. Ben
Amara et al38 reported no changes of GPx activi-
ty in heart of rats receiving dietary selenite.

We did not observe any significant influence
of selenium on heart SOD compared to control.
Similarly, no significant effect of selenium on
SOD in heart, aorta and arterial walls was ob-
tained in rats supplemented orally with selenium.
The same authors36,37 reported that selenium defi-
ciency in diet did not influence heart SOD in a
significant way, whereas in aorta and arterial
walls significant depletion compared to rats fed
with normal diet was displayed. Ben Amara et
al38 also reported no influence of inorganic di-
etary selenium on heart SOD.

In the current experiment selenium given to
rats significantly increased AA concentration in
heart. In contrast, sodium selenite given in diet
resulted in no changes of vitamin C in rat heart,
whereas in animals exposed to a pesticide a sig-
nificant increase was shown38.

The present study revealed no well-marked in-
fluence of selenium on heart GSH. Similar obser-

Figure 2. Effect of lithium and/or selenium supplementation on SOD/GPx, CAT/GPx and SOD/CAT ratios in heart of rats. K
(control) – treated with saline; Li group – treated with lithium (as Li2CO3) at a dose of 2.7 mg Li/kg b.w.; Se group – treated
with selenium (as Na2SeO3) at a dose of 0.5 mg Se/kg b.w.; Li+Se-group – treated simultaneously with lithium (Li2CO3) and
selenium (Na2SeO3) at a dose of 2.7 mg Li/kg b.w. and 0.5 mg Se/kg b.w., respectively. ap < 0.05 vs. Li-group.



–––––––––––––––––-––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) GRIFFITHS JJ, ZARATE CA JR, RASIMAS JJ. Existing and
novel biological therapeutics in suicide prevention.
Am J Prev Med 2014; 47: S195-S203.

2) NUNES MA, VIEL TA, BUCK HS. Microdose lithium
treatment stabilized cognitive impairment in pa-
tients with Alzheimer's disease. Curr Alzheimer
Res 2013; 10: 104-107.

3) KUSHCHAYEVA Y, JENSEN K, BURMAN KD, VASKO V.
Repositioning therapy for thyroid cancer: new in-
sights on established medications. Endocr Relat
Cancer 2014; 21: R183-R194.

4) YOUNG W. Review of lithium effects on brain and
blood. Cell Transplant 2009; 18: 951-975.

5) SHETTY RK, VIVEK G, PARIDA A, CHETTY S. Lithium-in-
duced sinus node dysfunction at therapeutic lev-
els. BMJ Case Rep 2013 doi: 10.1136/bcr-2012-
008107.
Online: http://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC3603999/

6) SINGH M, KAUR S, SEHGAL VK. Comparative study of
electrocardiographic changes in patients of acute
mania receiving verapamil or lithium carbonate. J
Clin Diagn Res 2014, 8: HC08-HC11.

7) ELLIS DL, GUERRA V, PRIDJIAN G, RECTO MR. Possible
association between maternal lithium therapy and
premature closure of the arterial duct. A case re-
port. J Reprod Med 2013; 58: 181-184.

8) OKTEM F, OZGUNER F, SULAK O, OLGAR S, AKTURK O,
YILMAZ HR, ALTUNTAS I. Lithium-induced renal toxici-
ty in rats: protection by a novel antioxidant caffeic
acid phenethyl ester. Mol Cell Biochem 2005; 277:
109-115.

9) VIJAIMOHAN K, MALLIKA J, SHYAMALA DC. Chemopro-
tective effect of sobatum against lithium-induced
oxidative damage in rats. J Young Pharm 2010; 2:
68-73.

10) CHADHA VD, BHALLA P, DHAWAN DK. Zinc modulates
lithium-induced hepatotoxicity in rats. Liver Int
2008; 28: 558-565.

11) MALHOTRA A, DHAWAN DK. Zinc improves antioxida-
tive enzymes in red blood cells and hematology in
lithium-treated rats. Nutr Res 2008; 28: 43-50.

12) CUI J, ZHONG R, CHU E, ZHANG XF, ZHANG WG,
FANG CF, DONG Q, LI FL, LI H. Correlation be-
tween oxidative stress and L-type calcium chan-
nel expression in the ventricular myocardia of
selenium-deficient mice. J Int Med Res 2012;
40: 1677-1687.

13) VAILLANT F, TURREL F, BOST M, BRICCA G, DESCOTES J,
BIU-XUAN B, TABIB A, MANATI W, TIMOUR Q. Role of
selenium in heart lesions produced by neurolep-
tics in the rabbit. J Appl Toxicol 2008; 28: 212-
216.

mium treated chickens20. Significant improvement
of patulin-induced deterioration in brain oxidative
status caused by sodium selenite was reported by
Song et al18. Ben Amara et al38 reported that inor-
ganic selenite given to rats was fully efficient at
restoring heart antioxidant enzymes and low-mol-
ecular antioxidants altered as a consequence of
the exposure to a pesticide. Diphenyl diselenide,
the organic form of selenium, was efficient at re-
versing changes of lipid peroxidation but not
those of antioxidant enzymes21. Selamoglu Talas
et al43 showed that the disturbances of pro- and
antioxidant parameters caused by a carcinogenic
substance were reversed by administration of se-
lenoorganic compounds. Danesi et al25 observed
that increase in reactive oxygen metabolites in
lipid fraction of heart, caused by adriamycin, was
reversed by selenium administration, although or-
ganic form was more effective. Pretreatment with
selenium proved to be effective in preventing the
damage of oxidant barrier as well as in inhibition
of lipid peroxidation in animal heart, induced by
isoproterenol44. Similarly as in our study, CuZn
SOD/GPx ratio in rat liver, increased by cadmium
exposure, was restored by sodium selenite co-ad-
ministration45.

Conclusions

The period of the current experiment was fair-
ly short compared to those used in curing psychi-
atric disorders. No severe impairment of heart
antioxidant barrier caused by lithium was ob-
served. However, a tendency towards distur-
bances of antioxidant enzymes connected with
lipid peroxidation induction was found. Selenium
co-administration displayed protective action, to
some positive degree. Having considered the ob-
tained results as well as the other scientists’ re-
ports, the research on selenium application as an
adjuvant in lithium therapy seems to be worth
continuing. Selenium both alone and in combina-
tion with other antioxidants has already been re-
ported to display beneficial effect in pathological
condition46. Further investigations should include
other forms of selenium as well as different lithi-
um and selenium doses.

––––––––––––––––––––
Acknowledgements
This study was fully funded by Medical University of
Lublin.

M. Kiełczykowska, J. Kocot, R. �elazowska, A. Lewandowska, I. Musik

3952



14) TANGUY S, GRAUZAM S, DE LEIRIS J, BOUCHER F. Impact
of dietary selenium intake on cardiac health: ex-
perimental approaches and human studies. Mol
Nutr Food Res 2012; 56: 1106-1121.

15) SCHNABEL R, LUBOS E, MESSOW CM, SINNING CR,
ZELLER T, WILD PS, PEETZ D, HANDY DE, MUNZEL T,
LOSCALZO J, LACKNER KJ, BLANKENBERG S. Selenium
supplementation improves antioxidant capacity in
vitro and in vivo in patients with coronary artery
disease The SElenium Therapy in Coronary
Artery disease Patients (SETCAP) Study Am
Heart J 2008; 156: 1201.e1-1201.11.

16) ALI MA, ALY EM, ELAWADY AI. Effectiveness of sele-
nium on acrylamide toxicity to retina. Int J Ophtal-
mol 2014; 7: 614-620.

17) CHEN K, SHU G, PENG X, FANG J, CUI H, CHEN J,
WANG F, CHEN Z, ZUO Z, DENG J, GENG Y, LAI W.
Protective role of sodium selenite on histopatho-
logical lesions, decreased T-cell subsets and in-
creased apoptosis of thymus in broilers intoxicat-
ed with aflatoxin B1. Food Chem Toxicol 2013; 59:
446-454.

18) SONG E, SU C, FU J, XIA X, YANG S, XIAO C, LU B,
CHEN H, SUN Z, WU S, SONG Y. Selenium supple-
mentation shows protective effects against pat-
ulin-induced brain damage in mice via increases
in GSH-related enzyme activity and expression.
Life Sci 2014; 109: 37-43.

19) VARGAS LM, SOARES MB, IZAGUIRRY AP, LÜDTKE DS,
BRAGA HC, SAVEGNAGO L, WOLLENHAUPT S, BRUM

DDOS S, LEIVAS FG, SANTOS FW. Cadmium inhibits
the ovary δ-aminolevulinate dehydratase activity
in vitro and ex vivo: protective role of seleno-fura-
noside. J Appl Toxicol 2013; 33: 679-684.

20) LI JL, JIANG CY, LI S, XU SW. Cadmium induced he-
patotoxicity in chickens (Gallus domesticus) and
ameliorative effect by selenium. Ecotoxicol Envi-
ron Saf 2013; 96: 103-109.

21) GLASER V, MORITZ B, SCHMITZ A. DAFRÉ AL, NAZARI

EM, RAUH MÜLLER YM, FEKSA L, STRALIOTTOA MR, DE

BEM AF, FARINA M, DA ROCHA JB, LATINI A. Protec-
tive effects of diphenyl diselenide in a mouse
model of brain toxicity. Chem Biol Interact 2013;
206: 18-26.

22) YANG X, BAO Y, FU H, LI L, REN T, YU X. Selenium
protects neonates against neurotoxicity from pre-
natal exposure to manganese. PLos One 2014; 9:
e86611.

23) GHORBANI A, OMIDVAR B, PARSI A. Protective effect of
selenium on cisplatin induced nephrotoxicity: A
double-blind controlled randomized clinical trial. J
Nephropathol 2013; 2: 129-134.

24) MANATI W, VAILLANT F, BOST M, MAFFRE V, BELHANI

D, DESCOTES J, TABIB A, BUI-XUAN B, HAMDAN L,
TIMOUR Q. Protective role of selenium supple-
mentation against cardiac lesions induced by
the combinat ion of levomepromazine and
risperidone in the rabbit. Hum Exp Toxicol 2009;
28: 461-467.

25) DANESI F, MALAGUTI M, DI NUNZIO M, MARANESI M, BI-
AGI PL, BORDONI A. Counteraction of adriamycin-in-

duced oxidative damage in rat heart by selenium
dietary supplementation. J Agric Food Chem
2006; 54: 1203-1208.

26) PRASAD KS, SELVARAJ K. Biogenic synthesis of seleni-
um nanoparticles and their effect on As(III)-in-
duced toxicity on human lymphocytes. Biol Trace
Elem Res 2014; 157: 275-283.

27) LI Z, MENG J, XU T-J, QIN X-Y, ZHOU X-D. Sodium
selenite induces apoptosis in colon cancer cells
via Bax-dependent mitochondrial pathway. Eur
Rev Med Pharmacol Sci 2013; 17: 2166-2171.

28) AEBI H. Catalase in vitro. Methods Enzymol 1984;
105: 121-126.

29) RUTKOWSKI M, GRZEGORCZYK K. [Colorimetric deter-
mination of vitamin C concentration in blood plas-
ma with phosphotungstic reagent – a modification
of Kyaw method]. Diagn Lab 1998; 34: 511-520
(in Polish).

30) LEDWO�YW A, MICHALAK J, STĘPIE A, K DZIOŁKA A. The
relationships between plasma triglycerides, cho-
lesterol, total lipids and lipid peroxidation products
during human atherosclerosis. Clin Chim Acta
1986; 155: 275-284.

31) BRADFORD MM. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem 1976; 72: 248-254.

32) HARISA GI, ALANAZI FK, EL-BASSAT RA, MALIK A, ABDAL-
LAH GM. Protective effect of pravastatin against
mercury induced vascular cells damage: erythro-
cytes as surrogate markers. Environ Toxicol Phar-
macol 2012; 34: 428-435.

33) AHMAD M, ELNAKADY Y, FAROOQ M, WADAAN M. Lithi-
um induced toxicity in rats: blood serum chem-
istry, antioxidative enzymes in red blood cells and
histopathological studies. Biol Pharm Bull 2011;
34: 272-277.

34) NCIRI R, ALLAGUI MS, BOUROGAA E, SAOUDI M, MURAT

JC, CROUTE F, ELFEKI A. Lipid peroxidation, antioxi-
dant activities and stress protein (HSP72/73,
GRP94) expression in kidney and liver of rats un-
der lithium treatment. J Physiol Biochem 2012;
68: 11-18.

35) TOPLAN S, DARIYERLI N, OZDEMIR S, OZCELIK D, ZENGIN

EU, AKYOLCU MC. Lithium-Induced Hypothyroidism:
Oxidative Stress and Osmotic Fragility Status in
Rats. Biol Trace Elem Res 2013; 152: 373-378.

36) WU Q, HUANG K. Effect of long-term Se deficiency
on the antioxidant capacities of rat vascular tis-
sue. Biol Trace Elem Res 2004; 98: 73-84.

37) WU Q, HUANG K, XU H. Effects of long-term se-
lenium deficiency on glutathione peroxidase
and thioredoxin reductase activities and ex-
pressions in rat aorta. J Inorg Biochem 2003;
94: 301-306.

38) BEN AMARA I, SOUDANI N, HAKIM A, TROUDI A, ZEGHAL

KM, BOUDAWARA T, ZEGHAL Z. Protective effects of
vitamin E and selenium against dimethoate-in-
duced cardiotoxicity in vivo: biochemical and his-
tological studies. Environ Toxicol 2013; 28: 630-
643.

3953

Possible selenite addition to Li treatment



3954

39) ROMANOWSKA M, KIKAWA KD, FIELDS JR, MACIAG A,
NORTH SL, SHIAO YH, KASPRZAK KS, ANDERSON LM. Ef-
fects of selenium supplementation on expression
of glutathione peroxidase isoforms in cultured hu-
man lung adenocarcinoma cell lines. Lung Can-
cer 2007; 55: 35-42.

40) VENARDOS K, HARRISON G, HEADRICK J, PERKINS A. Ef-
fects of dietary selenium on glutathione peroxi-
dase and thioredoxin reductase activity and re-
covery from cardiac ischemia-reperfusion. J Trace
Elem Med Biol 2004; 18: 81-88.

41) AHMAD M. Protective effects of curcumin against
lithium-pilocarpine induced status epilepticus,
cognitive dysfunction and oxidative stress in
young rats. Saudi J Biol Sci 2013; 20: 155-
162.

42) ASUNTHA G, RAJU YP, SUNDARESAN CR, RASHEED A,
CHOWDARY VH, VANDANA KR. BABU KS, PRASAD KV.
Effect of Argemone mexicana (L.) against lithium-
pilocarpine induced status epilepticus and oxida-
tive stress in Wistar rats. Indian J Exp Biol 2015;
53: 31-35.

43) SELAMOGLU TALAS Z, OZDEMIR I, YILMAZ I, GOK Y, ORUN

I. The investigation of the antioxidative properties
of the novel synthetic organoselenium com-
pounds in some rat tissues. Exp Biol Med (May-
wood) 2008; 233: 575-579.

44) AL-RASHEED NM, ATTIA HA, MOHAMED RA, AL-RASHEED

NM, AL-AMIN MA. Preventive effects of selenium
yeast, chromium picolinate, zinc sulfate and their
combination on oxidative stress, inflammation, im-
paired angiogenesis and atherogenesis in my-
ocardial infarction in rats. J Pharm Pharm Sci
2013; 16: 848-867.

45) JIHEN EL H, IMED M, FATIMA H, ABDELHAMID K. Protec-
tive effects of selenium (Se) and zinc (Zn) on cad-
mium (Cd) toxicity in the liver of the rat: effects on
the oxidative stress. Ecotoxicol Environ Saf 2009;
72: 1559-1564.

46) ALY HF, MANTAWY MM. Comparative effects of zinc,
selenium and vitamin E or their combination on
carbohydrate metabolizing enzymes and oxidative
stress in streptozotocin induced-diabetic rats. Eur
Rev Med Pharmacol Sci 2012; 16: 66-78.

M. Kiełczykowska, J. Kocot, R. �elazowska, A. Lewandowska, I. Musik


