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Objective: The antioxidant activity and immuno-tropic effects of lithium glutamate, lithium salicylate, lithium
benzoate and lithium lactate have been investigated in this work, as a base for new psychotropic medicines.
Methods: The antioxidant properties were studied by the voltammetric method. Phagocytic activity of
neutrophilic leucocytes and the reaction of blastic transformation of lymphocytes were used as test for
assessments of influence of the lithium compounds on the immune cells of human blood.

Results: It was revealed absence of toxic action on human blood cells for all tested substances. Lithium benzoate
showed the most significant stimulating influence on lymphocytes. Glutamate and benzoate lithium expressed
scavenging activity vs oxygen radicals. Salicylate and benzoate lithium revealed significant phagocytosis
stimulation effects.

Conclusion: Investigated lithium salts expressed antioxidant activity and immunotropic effects, all investigated
substance are of interest in medical application for mental diseases and comorbid pathology treatment.

lithium salicylate; lithium
benzoate; lithium lactate.

INTRODUCTION

Lithium is well-known and widely used in medicine
element, first of all, for treatment of bipolar disorder. However,
all lithium potential and benefits for human health have not been
fully realized yet. Interest in lithium for the prophylaxis of
depression was growing apace (Shorter, 2009), lithium is an
effective treatment for reducing the risk of suicide (Cipriani et
al., 2013). A number of controlled lithium trials in mania proven
effectiveness of therapy. Naturally occurring element, lithium
provides a high quality, efficient treatment. Lithium is proved to
be effective in the prevention of Alzheimer’s disease (Forlenza et
al., 2011). Lithium is also of interest as a prophylactic agent in
addictive pathologies, in particular alcoholism. Second
generation anticonvulsants carbamazepine and valproate are now
widely used as alternatives or adjuncts to lithium; despite this
lithium is gold standard for bipolar treatment until now. Lithium
has a relatively narrow therapeutic index and causes poisoning
(Maj, 2003). Therapeutic level of lithium in blood equal
0.6 mmol/L for psychoses treatment, but side effect can occur at
levels equal 1.2 mmol/L and more.
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Lithium levels must be carefully monitored to avoid toxic
side effects. Lithium side effects can include gastrointestinal
distress, increased thirst, and water retention, outbreaks of acne,
minor hand or arm tremors, and increased frequency of urination.
Overall toxicity of the drug is determined by the properties of
lithium anionic component, not only lithium ions. Correct
selection of the anionic component of the lithium salt allows to
give new desirable properties and to reduce side effects. It is
important to note, many pathological processes are accompanied
with oxidative stress and immune insufficiency. From this point of
view, it is very topical to create prospective lithium medicine with
antioxidant and immunotropic properties that can reduce side
effect and reinforce nonspecific resistivity.

As a rule, mental diseases assume long medicinal
therapy, so reducing side effects become one of the most important
problems. Designing of promising lithium preparations antioxidant
and immunomodulatory properties makes it possible to affect
multiple pathogenesis links. In particular, this is important in the
therapy of mental disorders (Ng et al., 2008). Important role of free
radicals is established in the pathogenesis of schizophrenia (Reddy
et al., 1996). Antioxidant enzymes (superoxide dismutase, SOD;
glutathione peroxidase, GSHPx; and catalase, CAT) which are
constitutively expressed in all tissues are found to be altered in
erythrocytes of schizophrenic patients (Mahadik et al., 1996).
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Previous studies of antioxidant activity (Korotkova et al.,
2011) of the human blood confirmed an exhaustion of antioxidant
protective systems of patients affected by the mental diseases
(Korotkova et al., 2013). Here we investigated some lithium salt
for antioxidant properties (based on electrochemical processes)
according to procedure (Avramchik et al, 2005) and
immunomodulatory properties (based on influence on neutrophils
and lymphocytes of human blood in vitro).

MATERIALS AND METHODS

The following lithium compounds have been used for the
research: lithium glutamate, lithium salicylate, lithium benzoate
and lithium lactate (fig. 1).
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Fig. 1: Formulas of investigated lithium salts.

Stock solutions of lithium salts were prepared in the
distilled water. These solutions were diluted to the working
concentration after mixing with phosphate buffer 0.025 mol-I*
(equimolar mixture of Na,HPO, and KH,PO,, pH 6.86), which
was used as a supporting electrolyte for voltammetry analysis.

Detection of antioxidant activity by voltammetry

The automated voltammetric analyzer “TA-2”
(“Tomanalyt”, Tomsk, Russia) with three-electrode open
electrochemical cell was used for antioxidant activity detection.
The electrochemical oxygen reduction (ER O,) at working
mercury film electrode progresses at several stages with the
formation of the reactive oxygen species (ROS), such as O,°-. This
process is similar to the oxygen reduction in the tissues of a living
organism. The measurement includes the recording current of the
cathodic reduction of oxygen with and without the investigated
compounds under the following conditions: potential rate scan
0.03V s, potential range from 0.0V to -0.8V, amplitude 10 mV.
All tested substances were added in the electrochemical cell in
volume 0.1 ml. The following concentrations were chosen for
more objective comparison in this test: equal-mass concentrations
for all samples 0.5 mg/ml; equal-molar concentrations 1.36
pmol/ml, this concentration for lithium ions may be considered as
toxic level for medical application; the concentrations
corresponding to therapeutic concentrations of lithium in the blood
of patients (0.6 umol/ml of Li* ions recalculated to substance

weight). The last dosage is more important for comparison from
medical point of view.

Antioxidants react with ROS and decrease of ROS
concentration at the electrode. The current of ER O, decreases
accordingly. Detailed scheme of these interactions has been
previously described (Tur’yan et al., 2004). Coefficient of
antioxidant activity of the substances, K, in umolI*min™, reflects
the amount of active oxygen radicals being scavenged by the
antioxidants within certain time, according to the formula 1.

! o
k=(1-7)x () W
Where C, [umol-1™] is the oxygen concentration in solution, I is
the ER O, current with the investigated substance addition in the
solution, 1, is the limiting ER O, current without the substance in
the solution, t (min) is time of the interaction between the reactive
oxygen species and an antioxidant at the working electrode.

Influence of lithium compounds in the reaction of blastic
transformation of lymphocytes

Measurement of proliferative responses of human
lymphocytes allows estimating biological responses of immune
cells before and after the addition of a stimulating agent. The
method is based on phytohemagglutinin (PHA) - induced
proliferative response of the lymphocytes. The blood samples
obtained from healthy donors. Lymphocytes were isolated by
gradient centrifugation and re-suspended with RPMI 1640,
containing 20% fetal bovine serum, L-glutamine, streptomycin.
Aliquots of 0.1 ml (2x10° cells/ml) of the mixture were placed in a
separate microculture plates. Substances were added to plate in
two concentrations, first, equal-molar - all samples were in
concentration 1.36 umol/ml and in concentrations corresponding
to therapeutic concentrations of lithium in the blood of patients
(0.6 umol/ml of Li" ions recalculated to substance weight). All
procedures repeated with and without PHA. Control group was
without substances. Culture plates were sealed and incubated for
72 hours at 37°C. Lymphocyte transformation was detected by
method (Goldberg et al., 1992).

Influence of lithium compounds on phagocytic activity of
leucocytes

The phagocytic activity of the neutrophils was studied
using phagocytosis method (Novikov, 1996). The Gram-positive
bacteria, Staphylococcus aureus - H209, were used as the
phagocytic substrate. Staphylococcus aureus was added to the
leukocyte suspension obtained from the human blood. The
investigated substances were added to the microculture plates in
different concentration (0.1-0.001 mg/ml). The phagocytic index
was calculated as the number of neutrophils positive for S. aureus
ingestion per 100 neutrophils. The avidity index was calculated as
the total number of S. aureus cells engulfed per 100 positive
neutrophils and divided by 100. The index of phagocytosis
completeness was calculated as the number of S. aureus killed in
phagocytes divided by the total number of the microbes engulfed
by phagocytes per 100.
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Statistical Analysis

Statistical analysis was performed using Statistica 6.0
software. The mean changes in coefficients of antioxidant activity
and cell influences of tested substances were calculated after triple
experiments. Data are presented as mean+SD.

RESULTS

Mean coefficients of antioxidant activity for all
substances are evaluated and shown in table 1. Coefficient K
reflects interaction between oxygen radicals and antioxidant,
otherwise velocity of radicals scavenging.

Table 1: Antioxidant activity coefficients of the investigated lithium salts.
Antioxidant activity coefficient, K (umol I min™)
C (equal-mass), C (equal-molar), C (therapeutic)

Substance name

0.5 mg/ml 1.36 umol/ml  Li* 0.6 umol/ml
Lithium glutamate 0.45+0.07 0.23+0.07 0.17+0.06
Lithium salicylate 0.33+0.06 0.31+0.09 0.20+0.11
Lithium benzoate 0.53+0.06 0.37+0.09 0.14+0.07
Lithium lactate 0.19+0.06 0.18+0.06 0.11+0.06

Table 2: Lithium compounds influence on lymphocytes proliferation.

lymphocytes proliferation  PHA - induced proliferation
without PHA, percentage  of lymphocytes, percentage
C (therapeutic) C (therapeutic)

Substance

Control Control

Li* 0.6 umol/ml Li* 0.6 umol/ml
Lithium glutamate ~ 6+0.5% 6+2.0% 87+2.5% 91+4.5%
Lithium salicylate ~ 6+0.5% 6+1.5% 87+2.5% 84+6.0%
Lithium benzoate 6+0.5% 12+3.0% 87+2.5% 95+5.0%
Lithium lactate 6+0.5% 7+£1.0% 87+2.5% 92+4.5%

Results of the influence of lithium compounds on
immune blood cells “in vitro” (reaction of blastic transformation
of lymphocytes) are presented in the table 2. There are no
significant effects on RBTL are shown for lithium glutamate and
salicylate. Lithium benzoate expressed stimulating influence on
proliferation with and without PHA.

Table 3: Influence of lithium salts on neutrophils phagocytic activity (all tested
substances are in equal concentration 0.6 pmol/ml Li+ ions)

558 €5 £ ] =
o c < © =
Indicator ‘g £s 2§ 2% 2 8§ 22
358 &5 &5 E£5 ES
=3 S o o
Active phagocytosis 5o, 400 4g4795  50:79%  52+5%  34+8%
percentage
Avidity index
(bacteria/phagocyte) 1243 1315 104 1143 1014
Percentage of
phagocytosis 61+5% 60+7%  7247%  70x6%  69+7%

completeness

Insignificant stimulation activity was shown for lithium
lactate. No suppression activity on lymphocytes proliferation was
detected for all substances. Immune cell influence of lithium
compounds, indicated by the phagocytic activity of neutrophilic
leucocytes “in vitro” are presented in the Table 3. The most
significant influence on phagocytosis completeness revealed for
lithium salicylate, benzoate and lactate. Meanwhile, lithium

glutamate has no significant influence for all parameters. Lithium
lactate revealed slight suppressive influence on phagocytosis
activeness; other salts did not suppress any phagocytosis
parameter.

DISCUSSION

Study antioxidant properties in equal-mass concentration
revealed the best comparative antioxidant properties of lithium
benzoate and glutamate. However, this parameter is twice less than
that one of widely used antioxidant - ascorbic acid with coefficient
K of 1.15 umol I min™in same concentration of 0.5 mg/ml. In
therapeutic concentration, all tested substances revealed low
antioxidant properties, but significantly higher than well-known
drug — lithium carbonate (Plotnikov et al., 2015). It should be
noted, that lithium could provide indirect antioxidant activity, as it
was shown in work (Vasconcellos et al., 2006) and concluded
lithium presented antioxidant properties, but did not prevent stress-
induced oxidative damage.

Immunotropic properties for all substances were
evaluated at therapeutic concentration (according to lithium ions
for bipolar psychosis treatment 0.005-0.008 mg/ml, recalculated to
substance weight) for easier extrapolation for possible effect in
vivo.

Results in Table 2 show lithium glutamate and salicylate
did not affect both spontaneous and PHA-stimulated lymphocytes
proliferation. Significant increase of spontaneous and PHA-
stimulated blastic transformation of lymphocytes under influence
of lithium benzoate can be linked with own stimulating ability of
this salt, but also with specific reaction of lymphocytes to
sensitizing agent. Lithium lactate increased slightly PHA-
stimulated blastic transformation, but, taken into account other
parameters (spontaneous proliferation) it cannot be considered as
significant stimulating influence on lymphocytes. According to
table 2 there were no revealed suppressive or toxic influence on
immune cells for all tested lithium salt overall.

As for phagocytic activity, lithium aspartate has no
significant influence, neither stimulating, nor suppressive on all
tested parameters. Lithium salicylate, benzoate and lactate
significantly increase percentage of phagocytosis completeness
(table 3). That means these salts improve ability of phagocytes to
finalize lysis of engulfed bacteria. Meanwhile these substances did
not change mean number of engulfed bacteria per one phagocyte.
At the same time, lithium lactate slightly decreased percentage of
active neutrophils, that can be explained with negative impact on
the reverse reaction of lactic acid and its derivatives. Data from
table 3, revealed ability of lithium salts to enhance quality of
phagocytosis. This reflects improving functional activity of the
neutrophils in vitro during once time impact of lithium salt, but in
literature  immunostimulatory effect noted for prolonged
administration of lithium (Kubera et al., 1994). Thus, revealed
immunomodulatory effect of lithium in vivo is mostly linked with
indirect action of lithium. Further research on this topic is
necessary to create and study new lithium antioxidant with
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immunotropic properties, as a base for prospective medicine for
mental diseases.

CONCLUSIONS

Investigated lithium salts expressed relatively good
antioxidant activity, but lower than well-known antioxidant -
ascorbic acid and lithium ascorbate (Plotnikov et al., 2015). All
tested substances revealed immunotropic effects, except lithium
glutamate. Lithium benzoate shows the most expressed stimulating
effects on Ilymphocytes and neutrophils. Parameters of
phagocytosis also increased under influence of lithium salts that
can provide immune stimulating activity in vivo. Thus, all
investigated substance are of interest in possible medical
application in mental diseases and comorbid pathology.
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