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ABSTRACT

Lithium salts are used in treating many neurotic and psychosomatic disorders.
Studying the toxic effects of this medication is necessary because doctors commonly keep
their patients on long-term lithium treatment. The goal of the current study was to assess
the cardiotoxic effect of lithium on adult Wistar albino rats and the possible roles of
oxidative stress and apoptosis and also to assess the protective effect of selenium. Twenty-
four adult male Wistar albino rats were divided into four equal groups; control, selenium-
treated group; received 0.2 mg/kg/d dissolved in distilled water, lithium-treated group;
received 53 mg/kg/day of lithium carbonate dissolved in 1 ml 0.9% sodium chloride orally
by gavage, and lithium-and-selenium treated group received lithium and selenium in the
previous doses. After 90 days, we demonstrated that rats received lithium (53 mg/kg/day)
demonstrated a significantly higher malondialdehyde (MDA) level and a significantly
lower glutathione (GSH) level compared to controls indicating induction of oxidative
stress in the cardiac tissues. In addition, there was a marked rise in cardiac biomarker
cardiac troponin I (cTnl) level. The immunohistochemistry examination of the heart for
caspase3 expression revealed a significant increase in the lithium group in comparison
with the control. These results suggest that lithium-induced cardiotoxicity in rats is due to
oxidative stress & apoptosis. Selenium administration significantly mitigated lithium's
cardiotoxic effects. It can be used to alleviate the cardiotoxic effects of lithium.

Introduction -

Lithium is commonly utilized in the
treatment of mania and other mental diseases

The heart 1is becoming a more
significant target for a wide range of
hazardous agents, such as environmental
pollutants, chemicals, and medications

and is frequently used for a long time (Shah et
al., 2015). Lithium use for an extended period
at therapeutic doses may result in problems
like neurotoxicity (Chen et al, 2004),
nephrotoxicity, infertility, and impaired
thyroid function (Henry, 2002).
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(Jokinen et al., 2011). However, there has been
little research on the toxic effects of lithium
carbonate on cardiac tissue (Nciri et al., 2008).
Lithium can cause many cardiotoxic side
effects, including dysrhythmias, cardio-
myopathy, and even acute myocardial
infarction (Asim et al., 2016). Also, Shah et al.
(2015) reported that albino rat hearts, after
recetving therapeutic doses of lithium,
revealed degeneration of cardiomyocytes
resulting in necrosis, fibrosis, sub-endocardial
haemorrhages and  myocarditis.  They
advocated that the patient receiving prolonged
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lithium therapy must be monitored for its
adverse cardiac effects.

Efrati et al. (2005) and Nciri et al
(2012) proposed that oxidative damage plays a
role in the cardiotoxicity of lithium. It has
been suggested that reactive oxygen species
(ROS) may influence apoptosis (Yu et al.,
2006) as a result of loss of membrane potential
and activation of caspase 3 to start the
apoptotic  destruction of cardiomyocytes
(Suchal et al., 2016). Cardiovascular diseases
include atherosclerosis; hypertension, heart
failure, and hypertrophy are all impacted by
oxidative stress (Kattoor et al., 2017).

One of the necessary trace elements is
selenium, which plays an antioxidant role in
both humans and animals as it can scavenge
free radicals and also controls cellular redox
homeostasis (Diwakar et al., 2017). According
to Ozsobaci et al. (2018) selenium has been
demonstrated to protect against oxidative
damage and  apoptosis  through  the
mitochondrial pathway.

The present work aims to study the
cardiotoxic effects of lithium on adult male
rats and the oxidative damage and Caspase 3
expression in the heart of lithium-treated

Wistar albino rats and the potential
ameliorative effect of selentum
supplementation.

Materials and method:

Chemicals

Lithium carbonate (white crystalline
powder) was obtained from Sigma—Aldrich
Inc., Egypt. The required doses were dissolved
in 0.9% NaCl and given by oral gavage.
Active  caspase-3  immunostain  (rabbit
polyclonal antibodies) was purchased from
Servicebio, China. Selenium in the form of
powder was purchased from Sigma—Aldrich
Inc., Egypt.

Animals

Male Wistar albino rats (150 g- 200 g)
were obtained from an experimental animal
house, Faculty of Pharmacy, Kafrelsheikh
University, Egypt. Rats were maintained under
standard environmental conditions at a
temperature of 22°C + 2°C, 12 h light/dark
cycle, 41% - 55% relative humidity, and
provided with food and free water throughout
the experimental period. The rats underwent
acclimatization to laboratory conditions for 7
days before starting the experiment. All
experimental animals in this study were
handled following the Guide for the Care and
Use of Laboratory Animals (Vasbinder and
Locke, 2016).

Ethical consideration

In the current study, we followed the
ethical guidelines according to the ethical
norms approved by the Scientific Research
Ethics Committee, Faculty of Medicine,
Kafrelsheikh University (code: MKSU 50-6-
12).

Experimental Design:

The study was conducted on 24 rats

which were distributed into 4 equal groups (6

rats each). The study duration was 90 days

(sub-chronic study). Rats were randomly

divided into 4 groups:

e Group I (control group): 6 untreated rats

served as control, received 0.9% NaCl by
oral gavage for 90 days.

e Group II (selentum-treated group): 6 rats
received a selenium dose of 0.2 mg/kg/d
dissolved in 1 ml 0.9% NaCl for 90 days
(Yu et al., 2006).

e Group III (lithium-treated rats): 6 rats
received 53 mg/kg/d of lithium carbonate
(approximately 1/10 of LDS50 of 525
mg/kg) dissolved in 1 ml 0.9% NaCl and
given once by oral gavage for 90 days
(Abdel Hamid et al., 2020).
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e Group IV (lithum and selenium treated
group): 6 rats received the same lithium
dose in group II and the same selenium
dose as in group III for 90 days.

Dose calculation:

Lithium dose underwent calculation by
converting adult human therapeutic dose (up to
2400 mg/day) (Horton et al., 2012) to animal
dose utilizing the following equation:

Animal equivalent dose (AED) (mg /
kg) = Human does (mg / kg) * Km ratio (Nair
and Jacob, 2016). The calculated dose of
lithium was 53 mg/kg/day of the weight of rats
based on the maximum therapeutic daily
lithium dose in humans (this calculated dose is
approximately 1/10 of LD50 of 525 mg/kg).

Biochemical analysis:
Assessment of cardiotoxicity index:

Heparinized blood samples (1 mL)
were drawn by retro-orbital plexus from the
anaesthetized animals using a capillary glass
tube. Centrifuging the blood at 3000 rpm for
10 minutes separated the serum from the
collected blood, which was then kept at (-20)
C° for subsequent quantification of cardiac
troponin I (cTnl). A quantitative immuno-
enzymometric test for cardiac troponin I
(CTnl) in rat serum was performed (Hammadi
et al., 2015).

Assessment of apoptosis:

The hearts of the sacrificed rats
underwent dissection immediately and fixed in

10 % neutral buffered formalin for
immunohistochemistry examination (caspase3)
according to Hamed et al. (2020).

Assessment of oxidative stress markers:

Levels of glutathione (GSH) and
malondialdehyde (MDA) were measured in
the cardiac tissue homogenates using
commercially available kits.

Statistical analysis and data interpretation:

Data were analyzed wusing the
Statistical Package of Social Science (SPSS)
program for Windows (Standard version 22).
The normality of data was first tested with the
Shapiro test. Data were expressed as mean+
standard deviation (SD). ANOVA test was
used to compare more than two means. The
differences in mean values were considered
statistically significant at p<0.05.

Results:

There were no deaths among the rats
during the study duratuion. The cardiac
troponin [ (cTnl) level in the four animal
groups is presented in table (1). There was a
significant increase in cTnl level in the lithium
group compared to the control and a
significant decrease in cTnl level in rats
treated with selenium together with lithium
compared to the group that received lithium
alone. A non-statistically significant difference
was found between the control and selenium
groups.
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Table (1): Cardiac troponin I level (ng/ml) in Wistar albino rats following lithium and selenium

administration.
Group 4 -
Group 1 Group 2 Group 3 Test of significance
Parameter (Control) (Selenium) (Lithium) (Selenium between the groups
ontro elenium ithium +Lithium)
p1<0.001*
p2<0.001*
3<0.001*
cTnl level 0.63 +0.05 0.57+0.02 5.50 +0.52 2164031 P
(ng/ml) p4=0.989
p5<0.001*
p6<0.001*

Used test: One Way ANOVA test *statistically significant if p<0.05. Parameters were expressed as mean+SD. cTnl:
cardiac troponin I. P1: the difference between selenium and lithium groups, P2: the difference between selenium and
selenium + lithium groups, P3: the difference between lithium and selenium + lithium groups, P4: the difference
between selenium and control groups, P5: the difference between lithium and control groups, P6: the difference

between selenium + lithium and control groups.

As presented in table (2); oxidative
damage in cardiac tissues was assessed by
measuring MDA and GSH levels in the four
animal groups. Oral feeding of lithium
induced a significant increase in MDA level
compared to the control group and a
significant decrease in GSH level in the

lithium group compared to the control.
Administration of selenium together with
lithtum caused a significant decrease in MDA
level compared to the lithium group and a
significant increase in GSH level compared to
that receiving lithrum alone.

Table (2): Malondialdehyde (MDA) and glutathione (GSH) levels in Wistar albino rats following

lithium and selenium administration.

Group 1
(Control)

Parameters Group 2
(Selenium)

G 4
Group 3 roup

(Lithium)

Test of significance

(Selenium + between groups

Lithium)

MDA

(nmol/g.tissue) 14.40 +0.30

13.65+£0.67

GSH

(mmol/g.tisse) 2.12£0.17

2.22+0.18

34.28£6.18

p1<0.001*
p2=0.001*
p3<0.001*
p4=0.979

p5<0.001*
p6=0.001*
p1<0.001*
p2<0.001*
p3<0.001*
p4=0.858

p5<0.001*
p6<0.001*

22.90+£2.26

0.58 +£0.08 1.33+0.35

Used test: One Way ANOVA test *statistically significant if p<0.05. Parameter expressed as meant+SD. MDA:
Malondialdehyde, GSH: glutathione. P1: the difference between selenium and lithium groups, P2: the difference
between selenium and selenium + lithium groups, P3: the difference between lithium and selenium + lithium groups,
P4: the difference between selenium and control groups, P5: the difference between lithium and control groups, P6: the

difference between selenium + lithium and control groups.
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The apoptotic tissue injury was
evaluated by the immunohistochemical
examination of the proapoptotic marker
caspase 3. The immunohistochemistry
examination of caspase 3 in cardiac slices is
shown in figure (1). It showed almost
negative immunostaining for Caspase 3

expression in the control and selenium groups'
cardiac muscle, while it is significantly
elevated in the lithium group as evidenced by
the intensive brownish staining, and
decreased in the Ilithium pluse selenium

group.

Fig.(1): Histopathological sections in the rats’ hearts stained with Caspase-3
immune stain. A & B is the control group, C & D is the selenium
group, E & F is the lithium group, and G & H is the lithium +
selenium group. The cardiac muscle of the control and the selenium
groups show minimal expression. The expression of the color is
notably increased in the lithium group and decreased in the lithium
plus selenium group. (Caspase-3 immune stain; A, C, E, G X 200& B,

D, F, H X 400).

Mansoura J. Forens. Med. Clin. Toxicol., Vol. 30, No. 2, July. 2022



Badawy et al.

54

Figure (2) represents quantitative
image analysis for caspase 3 staining.
Caspase 3 expression was significantly
elevated (p < 0.05) in the lithium-treated rats

in comparison with controls while it was
significantly decreased (p < 0.05) in the
lithtum plus selenium group compared to the
lithtum group.

300-
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——
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1004
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Lithium Lithium +
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Fig. (2): Quantitative image analysis for caspase 3 immunohistochemical
staining expressed as optical densities. Data are presented as
mean; #: significantly different from control group while $
significantly different from lithium group at p < 0.05 using one-
way ANOVA followed by Tukey as post hoc test.

Discussion:

One of the most potent and frequently
prescribed drugs for the treatment of
numerous mental conditions, including
bipolar disorder, is lithium. But it has a small
therapeutic index and toxic effects on many
tissues. The goal of the current research was
to study the cardiotoxicity induced by lithium
in male rats and the potential molecular
mechanisms through studying its association
with oxidative damage and apoptosis as well
as how selenium was able to counteract this
toxic effect.

The findings of our study showed that
lithum induced myocardial damage as
evidenced by a significant elevation in cTnl
level in the lithium group in comparison to
controls and a significant decrease in cTnl
level in rats treated with selenium together
with lithium compared to the group received
lithium alone. The significant increase in cTnl
in lithium-treated rats further supported
cardiomyocyte damage. Injury to cardiac
muscle fibers causes the release of ¢Tnl due
to intramyocardial proteolysis (Feng et al,
2001). Myocardial injury caused by lithium
was confirmed by the evaluation of ¢Tnl level
which showed significantly elevated levels.
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This 1s in accordance with Abdel
Hamid et al. (2020), who reported that cTnl
was significantly greater in rats receiving
lithium in comparison to control. Moreover,
they reported histopathological changes
including  separation  between  cells,
hyalinization with disarranged, degenerated
cardiac fibers containing pyknotic nuclei, and
cellular aggregates. Shah et al. (2015)
reported degenerative changes n
cardiomyocytes in rats receiving lithium for
12 weeks in the form of separation of
myocardial fibers with inflammatory cells,
oedema, myocardial Necrosis, and
subendocardial and myocardial haemorrhages
indicating the presence of significant cell
damage.

Our work revealed a significant rise in
MDA concentration and decreased GSH
concentrations in rats received lithium alone
which may be due to oxidative stress induced
by lithium while rats treated with selenium
together with lithium showed a significant
reduction in MDA and a significant rise in
GSH concentration compared to that
recetving lithium alone. Based on these
findings, the cardiotoxicity caused by lithium
can be linked to oxidative damage.

In a study by Mezni et al. (2017), it
was revealed that lithium-induced oxidative
damage in rats' cardiac tissues was evidenced
by a rise in the intracellular levels of
hydrogen peroxide. In a prior study by
Vijaimohan et al. (2010), lithium was
associated with causing oxidative stress and
oxidative DNA damage and so lead to
oxidative damage to the rat cardiac tissues.

The apoptotic cardiac injury caused by
lithum was evaluated by the immuno-
histochemical examination of the
proapoptotic marker caspase 3. Lithium
caused apoptotic cell death in the cardiac
tissue by increasing the expression of caspase
3. The immunohistochemistry examination of
caspase 3 in cardiac slices revealed that

caspase 3 expression is minimal in the control
and selenium groups' cardiac muscle, while it
is significantly elevated in the lithium group
and decreased in the lithium + selenium
group. In contrast, treatment of rats with
selenium ameliorated the apoptotic effects of
lithium as evidenced by down-regulating
caspase 3 expression.

Abdel Hamid et al.  (2020)
demonstrated that lithium was associated with
cardiomyocyte apoptosis as was evidenced by
a significant overexpression of miRNA-I,
miR-21, and miR-29b in the lithium-treated
group which are related to apoptosis of
cardiomyocytes.

Shen et al. (2020) found that human
cardiomyocytes were damaged by lithium. It
can not only reduce cardiomyocyte function
but also increase cardiomyocyte apoptosis.

Lithium-associated cardiotoxic effects
were greatly alleviated by selenium co-
treatment in group IV as seen by significantly
decreased cTnl level, significantly decreased
MDA, and significantly increased GSH level
and lower caspase 3 expression in
cardiomyocytes in comparison to lithium-
received rats.

Through modification of the p38
MAPK and nuclear factor kappaB (NF-B)
signaling pathways, selenium can reduce
oxidative stress responses (Kim et al., 2004).
Due to the inhibition of ASK1/JNK and the
activation of the PI3-K/Akt pathway, selenite
prevents hydrogen peroxide from inducing
cell apoptosis. It also modulates the
mammalian mitogen-activated protein kinase
pathways and downregulates the JNK/SAPK
signaling pathway through the inhibition of
JNK/SAPK through a thiol redox mechanism
(Yoon et al., 2002& Park et al., 2000).

Several studies demonstrated that
selentum has anti-apoptosis  properties
(Brozmanova et al., 2010; Yiiksel et al., 2017;
Defo Deeh et al., 2019).
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In conclusion, the findings of this
study suggest that lithium induces
cardiotoxicity in rats. One of the possible
mechanisms of lithium-induced cardiotoxicity
may be due to oxidative stress and caspase 3
activation. Selenium can improve lithium-
induced cardiac injury.

Because lithium salts have a narrow
therapeutic/toxic ratio, therefore, it is advised
that individuals receiving this medication be
carefully monitored for developing cardiac
problems.
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