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ABSTRACT

Lithium carbonate salt (Li2Co3) was used initially to treat gout. After that, it was used as a psychiatric drug for the treatment of manic phase
of bipolar disorder. This research was carried out to study the effects of lithium carbonate nanoparticles on liver enzymes of AST, ALT, and ALP
and liver tissue of neonatal rats in lactation period. Forty virgin female rats in the weight range of 180-200g and age range of 90-100 days old
were divided into four groups: control, placebo, and two experimental groups. Control group received no treatment. Placebo group received
0.5cc of normal saline every day, during lactation. Two experimental groups received 1.26mg/xg and 1.92mg/kg nanoparticles in semi colloid form
(1000ypm) intraperitoneal every day during lactation. At the end of the experiment, which lasted for 24 days, blood samples were taken from
heart of neonatal rats(10 rats in each) and the amount of ALT, AST and ALP enzymes were measured. Also liver tissue slides were prepared
and studied histologically. According to results, lithium carbonate nanoparticles increased ALT, AST and ALP enzymes and reduced the number
of hepatocytes significantly (p<0.05). It is probable that lithium carbonate nanoparticles affect liver cells and increase liver enzymes because

of their physicochemical properties which is sign of dysfunction and histology disorders of liver.
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INTRODUCTION

Researches show that nanoparticles technology is growing fast.
Recent developments in this area can lead to new applications
(Amiri et al. 2008).

Lithium cannot be found freely in nature but enter the body
through some foods, mineral waters and vegetables. The
amount of lithium daily intake is about 2 mg. Compounds of this
element are used frequently in automotive industries, battery
making, welding, soldering and ceramics. The most frequently
used compound of it is lithium carbonate (Sarbishegi et al.
2003). Salt form of lithium carbonate (Li2Co3) was used initially
to treat gout. After that, it was used as a psychiatric drug for the
treatment of manic phase of bipolar disorder. As well as other
therapeutic applications Lithium carbonate can be used to treat
cluster headaches, skin disorders, depression, schizophrenia,
attention deficit disorder, and aggression (Sharma and Igbal.
2005, Sarbisheghi et al. 2003).

Lithium is easily absorbed by the intestine after oral intake. This
element makes weak bonds with plasma proteins. Lithium is
distributed throughout the body by water, and excreted from
kidneys by rate of 1/5 creatinine clearance. Half-life time of

lithium is about 20 hours (Katzung et al. 2010). Lithium is
distributed in the human body almost uniformly. It can be found
in tissues such as brain, kidney, thyroid, bones, liver and muscle
cells.

Lithium is distributed widely in central nervous system and is
associated with a number of neurotransmitters. It can reduce
norepinephrine releasing and increase serotonin synthesis
(Csutora et al. 2005). About 95% of lithium carbonate is
excreted via urine, 1% in the feces and 4-5% via sweat (Ahmad
shah et al. 2014).

Mechanism of lithium is not well determined. Lithium controls
various enzymes which are in charge of recycling
phosphoinositides of neuron membranes. This may lead to
discharge the source of secondary peak of phosphatidylinositol
phosphate (PIP2) which it reduces the production of inositol
triphosphate (IP3) and Di-acetyl-glycerol (DAG). These
secondary peaks are important in amine neurotransmission
including those which are mediated with central
adrenoreceptors and muscarinic receptors (katung et al. 2010).
Lithium carbonate nanoparticles are from products of
nanotechnology. It has been reported that lithium reduces
growth and development of fetus and infants (Opresko, 1995,
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Igbal et al. 2001). Lithium is accompanied by various side effects
such as thyroid problems, impaired regulation of urine
osmolality, allergic reactions and gastrointestinal symptoms.
Also, many reports about polyuria complications have been
published (Miroliyayi et al. 2013).

In addition to regulating the metabolic processes, liver should
neutralize poisonous matters which enter the body (stranton
and keoppen. 2017).

There are few studies about the effect of lithium carbonate in
nano form. This study was carried out to study the transmission
of different concentrations of lithium carbonate nanoparticles
through mother's milk and its effect on liver transaminases.

MATERIALS AND METHODS

The study was carried out in animals’ nest of Islamic Azad
University- Falavarjan Baranch. Forty female virgin rats (Wistar
race) in the weight range of 180-200g and age range of 90-100
days old were used. To adapt to new environment, rats were
kept for 14 days in 22-26°c, 40-60% humidity, and natural photo
cycle, with free access to food and water. Also, 10 male Wistar
rats were used for mating.

To menstrual synchronization, 100 micrograms of estradiol
valerate was dissolved in 0.2 ml of olive oil and was injected
intramuscularly into mice. After 42 hours, 50 micrograms of
progesterone were injected intramuscularly (Hosseini et al.
2013). After six hours, vaginal smear was prepared. Vagina
sampling was done using a swab moistened with physiological
serum.

Immediately after spreading the sample on a slide, 96% ethanol
was added to stabilize them and dried in the air. Then, slides
were colored using Gimsa solution which was diluted at a ratio
of 1to 20 (Jamil et al. 2013).

According to the proportions and morphology of leukocytes and
epithelial cells, estrus cycle stages were determined. So that in
protestors stage nucleated epithelial cells were domirant, in
estrous phase, horn cells without nuclei and during the next
stageMatt Strauss, the same percentage of horn cells, epithelial
cells and leukocytes were observed. In diestrus stage leucocytes
were dominant (Hubscher et al. 2005, marcondes et al. 2002).
Microscopic observations showed that rats were synchronized
in estrous stage. Then, female mature rats were divided into
four-members’ groups plus one male rat for one night. By
observing vaginal plug day zero of pregnancy was designated,
male rats were separated and ten rats were kept in each cage to
spend pregnancy time. After birth, samples were divided into
four groups (10 rats in each) including control, placebo, and two
experimental groups. Control group received no treatment.
Placebo group received 0.5cc of normal saline every day, during
lactation(24 days). Two experimental groups received
1.26mg/kg and 1.92mg/kg nanoparticles in semi colloid from
(1000ppm) intraperitoneal every day during lactation(24 days).

Nanoparticles of lithium carbonate (Bgatova et al. 2014). were
prepared from Nanozino Company (Iran). Male and female
progeny were separated from day 24 which is the end of
lactation period and kept for 2 months which is maturity time.
After that, male progeny were anesthetized by intraperitoneal
injection of 0.7mg/ kg of ketamine10% and blood samples were
taken from heart(10 rats in each). Gel tubes were used to fast
separation of serum. Samples were centrifuged for 15 minutes
with 3000 cycle per minute. After that ALP, AST, and ALT
enzymes were measured using auto analyzer machine (Alpha
classic). Also, liver samples were kept in formalin 10%
immediately after biopsy. Then, slides were prepared for light
microscopy study by dehydration, clarification, parraffinization,
molding, preparing tissue sections by microtome (with a
thickness of 5 micrometers, and coloring by eosin - hematoxylin
method.

Obtained date were analyzed using SPSS program, one-way
analysis of variance and Tukey mean comparison at 5%
probability level.

RESULTS

Liver enzymes

The amount of aspartate amino transferase (AST) in lithium
groups was significantly more than placebo and control groups
(p<0.05) during the neonatal period (graph1).

Alanine amino transferase (ALT) in lithium groups was
significantly more than placebo and control groups (p<0.05)
during the neonatal period (graph2).

Graph 3 shows that the amount of Alkaline phosphatase (ALP)
in lithium groups was significantly more than placebo and
control groups (p<0.05) in neonatal period.

Hepatocytes

Microscopy study of liver slides showed that control and
placebo groups were not different but considerable differences
were observed in lithium groups.

in control and placebo groups Liver lobules were observed
obviously plus romak ropes (which are aggregation of
hepatocytes(H)) and central vein(CV). In some parts of slide, in
lobule spaces components of triad portal (portal vein, bile duct
and hepatic artery) were observed (figures 1, 2).

1.26mg/kg dose of lithium during neonatal period showed obvious
acidophilus in hepatocytes(H) and somewhat high blood of
central veins(CV) (Fiqure3).

Also, studies showed that 1.9 mgxg dose in neonatal period
caused pathological changes such as total destruction of lobules,
destruction and necrosis of hepatocyte(H). Obvious hyperemia
was also sawn in central veins(CV) (figure 4).

Average and standard deviation of hepatocytes are presented in
graph 4. Significant reduction was observed in the number of
hepatocytes of lithium groups (p<0.05).
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* significant difference between experimental groups and control (p<0.05).
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Figurel. cross section of liver tissue in control group
(40x)
Figure2. cross section of liver tissue in placebo group
(40x)

DISCUSSION

Lithium is a monovalent cation from first group of periodic table
which has close relationship with sodium and potassium.
Lithium can replace sodium in many sodium canals which one
of them is hydrogen-sodium exchange canals type III (NHE3III)
in kidneys proximal tubules, sodium-potassium chloride
exchange pump type II (NKEC2) in ascending part of loop of
Henle and epithelial sodium channel (ENC) in renal central
collector tubules. Lithium salts may increase urinary excretion
of sodium acute or chronic. The most important disorders are
because of interfere in aldosterone performance, which
increases in ENaC gene expression in apical membrane of
kidney. Lithium controls this effect and cause high excrement of
sodium (Nielsen et al. 2006, Stone. 1999).

Lithium carbonate is absorbed via digestion system completely
and can pass the blood - placental barrier easily so that has
equal serum concentration in fetus and mother. It also can be
secreted in milk which the concentration in milk is half of
mother’s serum concentration (Hill et al. 2008).

In a study, lithium carbonate reduced testosterone, FSH, and LH
hormones in male mice (Seyedhosseinighaheh et al. 2013).

Nano particles’ pollution has been proposed lately as a new,
dangerous problem (Revel, 2006, Shi et al. 2006).
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Figure3. cross section of liver tissue in first
experimental group (40x)

Figure4. cross section of liver tissue in second
group(40x)

In this study the effects of using lithium carbonate nanoparticles
on liver enzymes and liver histology were evaluated during
neonatal period and results showed that the amount of AST,ALT,
and ALP enzymes were increased significantly (p<0.05).
Rezaeizarchi (2011) studied titanium nanoparticles and
reported increase in ALT amount. Bgatova et al. (2014) studied
the effects of lithium carbonate nanoparticles on tumor growth
and reported that injection of lithium carbonate nanoparticles
in tumor margins caused tumor cells necrosis, destruction of the
tumor vascular bed and attracting neutrophils and
macrophages to the center of tumor.

Kim et al. (2009) in a study investigated the effect of silver
nanoparticles on liver tissue of rats. Tissue damages were
observed in liver lobules, copfer cells, and sinusoids.
Jafarzadehsamani et al. (2015) also studied silver effects on
liver and reported that dose increment increased tissue
damages.

In zamani et al. study (2013), nanosilver particles enforced
destructive effects on liver tissues and caused necrosis and
degeneration of liver tissue plus accumulation of inflammatory
cells.

Since ALT enzyme is a more specific indicator for liver injuries,
and damages to liver cells releases this enzyme, probably the
reason of ALT increment in this study was destructive effect of
lithium carbonate nanoparticles. Also, bile duct obstruction
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causes ALP increment. Increase in AST and ALT enzymes can be
due to increase in their anabolism or decrease in catabolism
(Christ-Crain et al. 2004).

Stability and accuracy of hepatocytes is essential for vital
functions of liver (Mokhtari et al. 2007). Probably, lithium
carbonate nanoparticles disrupte this stability because of their
physicochemical properties and cause liver dysfunction. Many
studies have been done about nanoparticles properties. For
instance, silver nanoparticles had negative effects on fish cells
(Wise et al. 2010). Also, they reduced viability and reproduction
of liver cells because of their physicochemical properties.

Silver nanoparticles can produce reactive oxygen species (ROS)
and free radicals and high ROS aggregation can start
inflammatory responses and lead to mitochondrion destruction.
Therefore, glutathione sulfate hydrogenase (GSH) level will be
decreased because of inflammation. So, apoptosis factors such
as cytochrome-c are released and led to cell death (Zamani et
al.2013). We can conclude that probably lithium carbonate
nanoparticles can act the same way.

CONCLUSION

On the whole, results of this study confirmed toxic effects of
lithium carbonate on liver of progeny via lactation. More studies
are proposed to predict effects and also action mechanism of
this matters.
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