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Abstract: Amino acids are either neurotransmitters or precursors for neurotransmitters. This study aims to investigate the effect of
therapeutic dose of lithium carbonate (75 mg/kg) on brain free amino acids thought to contribute in psychotic disorders and declare its effect
on phosphate buffer insoluble protein fraction in rat brain at different treatment periods. Phosphate buffer insoluble protein fraction was
chosen, being the more stable part of tissue protein. Four groups of rats, 6/each were recruited, randomly assorted into, a control group,
given saline, acute study group, given single dose, left for 2 hours, sub-acute study group, given a dose each 3 days for 2 weeks and a
chronic study group, given a dose each 3 days for a month. Brain content of | free amino acids; y- aminobutyrate (GABA), aspartate,
glutamate, glycine, phenyl alanine, tryptophan, branched chain amino acids and proline was significantly decreased on acute, sub-acute and
chronic administration, while hydroxyl and dibasic amino acids were increased. Concomitantly, increased phosphate buffer-insoluble
protein fraction after two hours of administration, decreasing to normal level after a month of therapy. These actions indicate an anabolic
and neuroprotective impact of lithium on brain tissue with amelioration of nitrogen balance, activated amidation, hydroxylation and
peptidases. These pathways, possibly published for the first time, elucidating a novel therapeutic prospect of lithium in psychotic disorders.
Increasing a more stable fraction of tissue protein (phosphate-buffer insoluble), is a novel contribution to lithium tissue stabilization in

affective disorders.
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1. Introduction

Bipolar disorder (BD) is a chronic mental illness identified
by frequent occurrence of depression, mania and
hypomania. Worldwide, the combined lifetime prevalence
of BD I and Il is estimated between 1 to 3% [1] . Although
the precise pathogenesis of BD is not well understood,
accumulating evidence suggests that inflammation [2],
mitochondrial dysfunction, and oxidative stress [3] play a
role in the pathogenesis of BD. In addition, brain-derived
neurotrophic factor (BDNF) and its precursor pro BDNF,
have been suggested as peripheral biomarkers for BD [4].
Lately, it was reported that serum levels of glutamine,
glycine, and D-serine were significantly higher in BD
patients than in healthy controls, whereas serum level of
L-serine was significantly lower in BD patients than in
healthy controls [5]. Lithium is primarily utilized as a
medicament for bipolar affective disorder, with evidence
supporting its role in acute mania [6]. It is also effective in
the recovery from both unipolar and bipolar depression [7]
and, more speculatively, has been counted as a reasonable
therapeutic agent for treating chronic neurodegenerative
diseases such as Alzheimer’s, Parkinson’s and
Huntington’s diseases [8, 9]. Neuroprotective actions of
lithium  through  different  previously  qualified
mechanisms, autonomously or synergistically, may be
protective of brain cell functioning [10]. As well as,
inhibition of glutamatergic excitotoxicity via N-methyl-D-
aspartate  (NMDA) receptor-mediated calcium influx;
inhibition of autophagy, including the presence of the
insult of B-amyloid [11]. Lithium increases neuronal
growth  cones, through inositol monophosphatase

(IMPase) inhibition with inositol diminution [12] and
vascular endothelial growth factor (VEGF) suppression
[13]. Vo et al.[14] suggested a potential link between
lithium’s neuroprotective antioxidant effects and cognition
state in which animal studies have shown positive results
regarding the neuroprotective and antioxidant properties,
as well as, human studies indicate a potential benefit of
lithium for improving cognition. Lieb [15] described
lithium’s anti-inflammatory and antiprostaglandin effects.
Basselin et al.[16] stated that a portion of lithium’s
therapeutic activity can be explained by its ability to
reduce inflammation through a reduction in brain
arachidonic acid metabolism and an increase of the anti-
inflammatory metabolite and docosanoid precursor.
Proteins play a pivotal role in maintaining the cellular
integrity and function in brain cells. Protein intake and
supplementation of particular amino acids can influence
the brain functioning and mental health, as many of
the brain neurotransmitters are made from amino acids.
The amino acid supplementation has been found to
diminish ~ symptoms, as they are converted
into neurotransmitters which in turn alleviate the mental
disorders. The biosynthesis of the brain amino acids is
regulated by the concentration of amino acids in plasma
[17]. The assessment of free amino acid levels is
substantial when studying protein and amino acid
metabolism. The branched chain amino acids (BCAAS),
leucine, isoleucine, and valine, are facilely metabolized in
the muscle [18], while aromatic amino acids (AAAS),
phenylalanine and tyrosine are degraded in the liver. The
level of this latter group is an indicator of tissue damage
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[19]. Other findings proposed partial protection for the
female rats versus stress insult in the cerebellum and
down-regulation of y-aminobutyric (GABA) receptors
[20]. This study was conducted to elucidate to what
extent therapeutic doses of lithium carbonate affect the
amino acid interconversion and the integrity responsible
protein fraction, through different treatment periods at rat
brain tissue level.

2. Materials and methods

2.1. Animals

Eighty male Swiss albino rats were randomly classified
into four groups, 6/each,; kept on standard diet and
drinking water ad libitum for a week before launching the
experimental work. The animals were purchased from
Faculty of Veterinary Medicine, Zagazig University,
Egypt. The animal groups were, group 1, control, given
saline intra peritoneally, for same volume and duration till
the last corresponding dose of group 4. Group 2 was
assigned for the study of the acute effect of lithium
carbonate(Sigma, USA); they received a single dose of
75mg /kg body weight [21], then sacrificed after 2 hrs.
Animals of group 3 were injected by 75 mg /kg/3 days for
two consecutive weeks, i.e: a total of 5 doses (sub-acute
study) and animals of group 4 were given 75mg/kg/3 days
for a month, i.e: a total of 10 doses (chronic study), then
the groups were sacrificed. The experiment was executed
in the Faculty of Pharmacy, Kafrelsheikh University,
Kafrelsheikh, Egypt.

2.2. Preparation of brain samples

The animals of each group were decapitated, without
anesthesia, to avoid expected effects on brain metabolism
and their heads were put into ice immediately. The brains
were carefully separated, washed by saline, divided into
then 2 portions for each rat. The extraction of phosphate
buffer-insoluble brain protein was made on the first
portion, by homogenization of brain tissue with 0.1 M
phosphate buffer (pH 7.2) in pre cooled glass mortar,
centrifuged, the supernatant was discarded, the sediment
protein fraction (buffer-insoluble) was dissolved in 8M
urea solution as previously reported method[22]. The
second aliquot of brain tissue was homogenized with 80%
ethanol at 4°C, centrifuged at 3000 rpm, the supernatant
was used for determination of free amino acid, using auto
analyzer [23].

2.3. Chemicals
All chemicals were of analytical grade, obtained from
Sigma-Aldrich, USA.

2.4. Methods

Phosphate buffer insoluble protein was fractionated by
agarose gel electrophoresis, using the application note
attached to LKB 2117 Multiphor apparatus, Sweden. The
dried, commassie blue stained plates were scanned by
laser densitometer for graph plotting [24].The ethanol
extract was used for free amino acid determination, using
auto analyzer [23].
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2.5. Statistical analysis

The statistical analysis of data was done using Graph Pad
Prism 5 (Graph pad Software, San Diego California,
USA). The results were expressed as means + SEM,
differences between the mean values for individual groups
were assessed by one way ANOVA.
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3. Results

The results showed that phosphate buffer insoluble brain
protein content was significantly increased after the three
periods of lithium carbonate (75 mg/kg) administration,
compared to control. Acute dosing induced intense
increase in brain protein content which decreases
gradually, reaching approximately normal level after a
month of treatment (Figure 1). Lithium carbonate in a
dose of 75 mg/kg, bw, induced a significant increase in
hydroxy proline (hydroxylation product of proline), the
latter showed a significant decrease during the acute
period and after two weeks of treatment with lithium
carbonate. That decline was more significant after acute
period (Figure 2). After two hours of lithium
administration to rats, aspartate content was significantly
decreased , however asparagine, glutamate, and glutamine
did not significantly changed. Administration of lithium
carbonate to rats for two weeks produced significant
decrease (P<0.05) in brain aspartate acid content and a
significant increase in glutamine amide content. After a
month of treatment with lithium carbonate, the mean value
of both aspartate and glutamate were significantly
decreased. However, the mean value of asparagine was
significantly increased. A decrease in brain content of y-
aminobutyrate throughout the three periods (P<0.001) was
observed. Taurine showed a significant decrease through
the sub-acute and chronic periods (Figure 3). The basic
amino acid arginine was significantly increased after
chronic administration of lithium carbonate; however,
lysine was significantly increased after two weeks of
lithium administration, while phenyl alanine was
significantly decreased after a month of treatment.
Histidine and tryptophan were significantly decreased
throughout the three periods of treatment, as well as
aliphatic side chain amino acids, glycine and alanine were
significantly decreased but reached the least values on
acute treatment (Figure 4). Brain tissue content of
hydroxyl side chain-containing free amino acids serine
and threonine was significantly decreased after acute and
sub-acute periods, respectively. Sulfur side chain-
containing free amino acids, cystine was significantly
increased throughout the three time periods, but
methionine was non-significantly decreased (Figure 5).
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Figure 1: Shows the differences in the synthesis of phosphate buffer insoluble rat brain protein
fraction after different periods of therapeutic dose (75mg/kg) of lithium carbonate
administration, compared to control. The figure reveals that acute lithium dose creates intense
increase in brain protein content, which decreases progressively by time, reaching nearly a
normal rate after a month of dosing.
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Figure 2: The effect of lithium carbonate (75 mg/kg) on free proline and hydroxyproline contents in rat brain tissue extract
after 2 hrs. , 2 weeks and one month of oral administration (Values are expressed as mean + SE, number of rats = 6).
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Figure 3: The effect of lithium carbonate (75 mg/kg) on fiee taurine, y-aminobutyrate, aspartate, asparagine, glutamate and
glutamine contents in rat brain tissue extract after 2 hrs., 2 weeks and one month of oral administration (Values are expressed
as mean * SE, number of rats = 6).
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Figure 4: The effect of lithium carbonate (75 mg/kg) on free arginine, lysine, histidine, phenylalanine, tyrosine, tryptophan,
glycine and alanine contents in rat brain tissue extract after 2 hrs., 2 weeks and one month of oral administration (Values are
expressed as mean + SE, number of rats = 6).
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Figure 5: The effect of lithium carbonate (75 mg/kg) on free valine, leucine, isoleucine, serine, threoning, cysteine and
methionine contents in rat brain tissue extract after 2 hrs., 2 weeks and one month of oral administration (Values are
expressed as mean + SE, number of rats = 6).

4. Discussion

Amino acids can serve as the most powerful compounds
in the treatment of neurological diseases in the upcoming
years. They ensure regeneration and reorganization
processes of neurons [25].Glutamate and aspartate are the
major excitatory neurotransmitters in the central nervous
system (CNS). Particularly, glutamate presents in more
than half of all CNS synapses, it is important in leaning,
memory sleep and movement [26]. Glycine, taurine,
GABA and glutamine are inhibitory neurotransmitters [27,
28]. GABA exists in almost all brain regions. Previous
research suggested a role of GABA in serotonin mediated
effects in depression [29]. Changes of these amino acid
neurotransmitters have been reported in  many
neurological and psychiatric disorders such as depression,
Alzheimer’s disease, schizophrenia and epilepsy [27, 30-
33]. As a consequence, monitoring these neurotransmitters
is necessary with a view to provide mechanistic insight
into their roles in different neurological and psychiatric
disorders. In the present study, lithium carbonate
significantly reduced GABA and glycine. These results
were reported elsewhere[34], assuming that treatment with
lithium carbonate decreased the formation of GABA
through inhibition of phosphate —dependent glutaminase.
The decrease in both GABA and glycine ( inhibitory
neurotransmitters) by lithium contributed to its mood
stabilizing and antidepressant effects. The current results
demonstrate that lithium treatment significantly reduced
tryptophan content in the brain which is in the same line
with a previous observation [35]. The reduction in the
total tryptophan level induced by lithium may be mediated
by some endogenous substances. Lithium decreased the
degree of binding of tryptophan to plasma albumin and
increased its flux to the brain to be utilized. The levels of
brain tryptophan and tyrosine can be of major prominence
in manipulating the rates at which neurons synthesize and
release their neurotransmitter end products; serotonin,
dopamine and norepinephrine [36]. The decreased
tyrosine content showed good accordance with the
remarks shown before [37] saying that, lithium

administration selectively lowers tyrosine levels in serum
and brain of rats through corticosterone-mediated
enhancement of tyrosine metabolism. The present study
showed a significant reduction of histidine content
especially after one month of administration with parallel
increase in histamine content. Histidine is the precursor of
the ubiquitous neuro-hormone neurotransmitter histamine
[38]. Consumption of histidine indicates a possible
activation of histamine synthesis in the brain [39]. It was
previously reported that, lithium administration activates
conversion of histidine, phenyl alanine, tyrosine and
tryptophan  into  active  biogenic  amines, as
neurotransmitters, through hydroxylation [40, 41]. In the
current study, the decrease in glutamate and aspartate was
accompanied by increase in glutamine and asparagine
contents, that may indicate a possible anabolic action of
lithium in brain. The significant decrease in glutamate
content was associated with increased arginine content; so
a possible activation of arginine synthesis was appeared,
where Metzler [42] reported that glutamate is the direct
precursor of arginine. Amidation of both aspartate and
glutamate into asparagine and glutamine seems also to
contribute to lithium power in prohibition of BD. It means
that lithium plays a significant role in nitrogen balance at
brain tissue level [43]. Decreased amino acid content
might be due to consumption in energy production within
brain tissue, an effect could be referred to some CNS
drugs in managing affective disorders [44]. The excessive
production of ammonia during amino acid catabolism
could lead to neuronal cell death but, astrocytes express
high levels of the glutamine synthetase enzyme to
sequester ammonia into glutamine, which is then released
from the brain [45]. In the present study, the continuous
decrease in proline associated with significant increase in
hydroxyproline content might be due to its integration into
polypeptides and conversion of proline to hydroxyproline,
through hydroxylation [46]. This result support other
reported results [47], demonstrated that lithium does not
inhibit the incorporation of proline into collagen or non-
collagen protein. Therefore, proline acts in harmony with
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arginine, glutamine and leucine activators of mammalian
target of rapamycin (MmTOR), which is a protein
serine/threonine kinase and regulators of polyamine
production to promote protein synthesis in cells and
tissues (e.g., the small intestine and skeletal muscle) [48].
Moreover, hydroxyproline was previously recognized as a
substrate for the synthesis of glycine and may also
scavenge oxidants and regulate the redox state of cells [49,
50]. The decrease in methionine, valine, leucine,
isoleucine, serine and phenyl alanine was accompanied by
increase in some brain polypeptides as the same treatment
greatly elevated phosphate buffer insoluble protein
fraction in brain tissue, with a descending cascade with
time, so that, lithium may have an anabolic effect at brain
level; this is confirmed by Abdallah and Abdel-Aziz
[51]who reported suggested that decreased amino acid
content in brain, concomitantly with increased brain
polypeptides is considered as an anabolic action. This
action can also attributed to the over expression of
peptidases that ligate amino acids into proteins, which
ultimately prevents brain damage in BD [52, 53]. The high
protein consumption dictates that amino acids should be
present at levels that far exceed their requirements as the
building blocks for protein synthesis and most of the
protein consumed will be broken down for energy
generation. It was reported that, administration of lithium
carbonate (200mg/kg) has an anabolic effect on bone mass
in rats [54]. Mcknightet al. [55] reported that, the animals
treated with lithium carbonate showed greater weight gain,
they attributed the association between lithium and weight
gain to the property, similar to that of insulin, by
increasing the cellular uptake of glucose, increasing thirst
and direct stimulation of the appetite center.

5. Conclusion

The major pathways of lithium carbonate in controlling
bipolar disorders, apparently through, maintaining
nitrogen balance in brain tissue by: conversion of some
amino acids into their corresponding amides, which is a
salvage pathway to ammonia, with an increase in
hydroxylation of others into more helpful hydroxyl amino
acids. Peptidases, seem to be responsive to lithium signals,
converting most of amino acids into protein after few
hours of treatment, to offer fast control of biologically
useful members into biogenic amines, with a leading
dilemma into protein reservoir of brain tissue, to be ready
for hydroxylation and amidation to manage neuro
regeneration and tissue stabilization. Increasing a more
stable fraction of tissue protein ( phosphate-buffer
insoluble), is a novel contribution to lithium tissue
stabilization in affective disorders.
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