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ABSTRACT ~ Objectives: An important step in the development of new drugs for the 
treatment of bipolar disorder (BD) is the study of the extent to which novel lithium salts 
whose anionic component has an antioxidant effect can reduce oxidative DNA damage 
in human blood plasma in vitro. We investigated the effects of lithium salts containing 
different organic anionic components (lithium carbonate (Li-CAR), pyruvate (Li-PYR), 
succinate (Li-SUC), fumarate (Li-FUM) and ascorbate (Li-ASC)) on levels of the 
oxidative damage product of DNA—8-hydroxy-2’-deoxyguanosine (8-OH-dG) in blood 
plasma after incubation of blood samples from healthy individuals (healthy group) and 
patients with bipolar disorder (BD-group) with these chemical compounds. Methods: Blood 
incubation was carried out in the presence of lithium salts (1.2 mM) for 1 hour at 37°C. 
Measurement of 8-OH-dG concentrations in blood plasma was carried out by enzyme 
immunoassay using a DNA Damage Competitive Elisa Kit (Thermo Fisher Scientif ic, 
USA). Results: In samples without compounds (control), concentrations of 8-OH-dG in 
the BD-group did not differ from the group of healthy individuals. None of the tested 
compounds had a significant effect on 8-OH-dG in healthy individuals. In BD patients, 
Li-PYR significantly reduced levels of plasma 8-OH-dG, while other compounds did not 
have a noticeable effect. Conclusion: Lithium pyruvate reduces oxidative DNA damage 
in the blood of BD patients in vitro, demonstrating the potential of this compound to 
function not only as a mood stabilizer, but also as an antioxidant and cytoprotector. 
Psychopharmacology Bulletin. 2020;50(1):19–27.

IntroductIon

Bipolar disorder (BD) is one of the most common diseases in the world, espe-
cially in developed countries. Despite continuing scientific efforts, treatments 
available for BD are still problematic in terms of their efficacy and side effects.1 
The drugs based on lithium salts (such as lithium carbonate) are widely used for 
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BD treatment as mood stabilizers.2 However, the known toxic effects of 
lithium represent a significant problem. It is established that the degree 
of lithium accumulation and its toxicity vary depending of the dose, 
route and duration of its administration, as well as the anionic com-
ponent of lithium salts. Selection of the anionic component in lithium 
preparations is important not only for reducing their toxicity but also 
for enhancing the positive therapeutic effect due to appearance of new 
pharmaceutic properties.

Given the important role of oxidative stress in the development of the 
pathological process,3 it makes sense to use an anionic component with 
an antioxidant effect. Lithium salts containing Krebs-cycle substrates 
as an anionic component have been shown to have high antioxidant 
potential using a voltammetric method in an artificial model system.4 
It is important to test these promising new salts in a biological system; 
for example, to evaluate their effects on markers of oxidative damage of 
blood plasma biomacromolecules.

The studies of oxidative stress and markers of oxidative damage of 
biomacromolecules-proteins, lipids and DNA—has been carried out in 
various pathologies, including BD.3,5,6 We have previously evaluated the 
effects of organic lithium salts (Li-CAR, Li-PYR, Li-SUC, Li-FUM 
and Li-ASC) on the oxidative damage of proteins (marked by carbonyl-
ated proteins) and lipids (marked by lipid peroxidation products) in blood 
plasma samples from healthy individuals and individuals with alcohol use 
disorder.7 8-hydroxy-2-deoxyguanosine (8-OH-dG) is one of the most 
widely recognized biomarkers of oxidative DNA damage.8–10 Increases 
in blood concentration of 8-OH-dG occur against the background of 
oxidative stress as a result of cell death in body tissues due to apoptosis 
and/or necrosis, or from viruses, bacteria or blood cells (lymphocytes).10–12 
Elevated levels of 8-OH-dG have been found in cardiovascular diseases,13 
alcoholism,14 affective disorders,9,15 and other pathologies.

In this study, the effect of organic lithium salts (Li-CAR, Li-PYR, 
Li-SUC, Li-FUM and Li-ASC) on concentrations of 8-OH-dG 
in blood plasma was studied after incubation of blood samples from 
healthy individuals and BD patients with salts in vitro.

MaterIals and Methods

Blood samples from 20 healthy individuals (Healthy group), aver-
age age 34.5 (26.5–49.5) years, and 19 patients with bipolar disorder 
(BD group), average age 38.0 (22.0–51.0) years were used. The patients 
were treated in the clinic of the Mental Health Research Institute, 
Tomsk National Research Medical Center. They did not present with 
any active medical conditions and were not on any medications, apart 
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from those prescribed for their psychiatric disorder. Diagnosis of bipolar 
disorder in all patients was carried out according to ICD-10, qualified 
as bipolar affective disorder (F31). Members of Healthy group were 
healthy individuals without chronic somatic diseases.

The study was conducted in compliance with all the principles of 
informed consent of the Helsinki Declaration of the World Medical 
Association and was approved by the local ethics committee of 
the Mental Health Research Institute TNRM (Protocol No 361 of 
2017.10.23). All subjects provided informed consent before entering 
into the study.

Blood was taken from the ulnar vein in the morning on an empty 
stomach, using a sterile system of single application Vacutainer (“Becton 
Dickinson”, USA) with the anticoagulant sodium heparin. Li-CAR was 
from Sigma-Aldrich (Germany). Other lithium salts were synthesized 
for this experiment in the Research school of chemical and biomedical 
technologies of National Research Tomsk Polytechnic University as fol-
lowing. A calculated amount of the corresponding acid was dissolved in 
deionized water with moderate heating to 40°C and stirring. A stoichio-
metric amount of lithium carbonate was introduced into the solution 
with stirring; the course of the reaction was controlled by a change in 
pH. The resulting solution was cooled. The reaction product was filtered 
and isolated in crystalline form by the addition of ethanol. The crystalline 
precipitate was washed and dried during 24 hours, then elemental analy-
sis was performed and the authenticity of the substances was checked. 
All compounds were dissolved in saline solution to conduct cell tests 
(sodium chloride 0.9%, JSC “ESKOM”, Russia). To assess the effects of 
the studied compounds on plasma concentrations of 8-OH-dG, fresh 
blood samples were incubated with different lithium salts for 1 hour at 
37°C as described in.7 After incubation, plasma aliquots were obtained, 
then frozen and stored at −80°C until use. The final concentration of 
lithium compounds in the samples was 1.2 mM of lithium ions per liter. 
This concentration corresponded to a maximal therapeutic blood concen-
tration of lithium in patients receiving treatment for affective disorders.16 
The concentration of 8-OH-dG in thawed plasma aliquots was measured 
by an enzyme immunoassay protocol, using a DNA Damage Competitive 
Elisa Kit (# 19DD039A, Thermo Fisher Scientific, USA). Measurement 
of optical density of samples and calculation of concentrations of 8-OH-
dG were carried out on an Epoch device (Biotech, USA).

Statistical analyses of the results were carried out using the pro-
gram “Statistica-12” (TIBCO Inc, USA). To check for agreement with 
the normal distribution of quantitative indicators, the Shapiro-Wilk 
criterion was used. The data were represented as median and quar-
tile range (QL–QU). The nonparametric Mann-Whitney test (U test) 
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was used to assess group differences. Differences were considered to be 
statistically significant at p < 0.01.

results and dIscussIon

Blood samples from healthy individuals and BD patients were incu-
bated with different lithium salts. After incubation, plasma was sepa-
rated from each blood sample and used for measurement of oxidative 
modification of DNA. Results are presented in the Table 1.

8-OH-dG blood plasma concentrations of healthy persons in all 
samples with the investigated compounds did not differ significantly 
from the control samples. That is, none of the lithium salts tested under 
the experimental conditions described above had a significant effect 
on 8-OH-dG plasma concentrations of healthy individuals. In BD 
patients, a statistically significant decrease in 8-OH-dG blood plasma 
concentrations was observed in the presence of Li-PYR as compared 
to the control samples that were not exposed to salt (p < 0.01). In 
addition, there was a significant difference between the Healthy and 
BD groups for samples exposed to Li-PYR salt (p < 0.01). (Fig. 1).

Other lithium compounds did not have a noticeable effect on 8-OH-dG  
blood plasma concentrations of BD patients (Table 1).

According to recent understanding of the role of oxidative stress in 
BD, oxidative stress can play a role as a nonspecific factor in the patho-
genesis of affective disorders.5,8 Levels of oxidative stress in the body 
is often estimated by measuring products of oxidative modification in 
blood plasma.17 Our previous studies have shown elevated levels of 
oxidized (carbonylated) proteins in patients with depressive disorders. 

TABLE 1

The Effect of Lithium Salts (1.2 mM) on Blood Plasma 8-OH-dG 
Concentrations (ng/ml) of Healthy Persons and Bipolar Disorder 
Patients (BD) After Incubation with Blood Samples for  
1 Hour (37°C), Me (QL–QU)

SAMPLES 
(LITHIUM SALTS)

HEALTHY
N = 20

BD
N = 19

Control 10.43 (8.57–13.30) 10.70 (8.44–14.60)
Li-SUC 10.46 (7.53–12.06) 10.01 (6.95–11.94)
Li-ASC 11.16 (9.06–13.25) 14.32 (9.19–16.65)
Li-FUM  9,95 (8,37–13,95)  8,87 (4,75–13,84)
Li-PYR    10.22 (8.10–12.61)*      5,76 (3.19–8.91)*#

Li-CAR 12.23 (8.37-14.23)     9.52 (8.09-12.50)
Notes: *(p < 0.01) indicates significant differences between groups (Healthy vs. BD); #(p < 0.01) 
indicates significant differences from controls within the group.
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We have also demonstrated that there is an increase in the concentrations 
of oxidized proteins7 and oxidative DNA damage products in the blood 
plasma of alcoholic patients.6

However, even in the presence of oxidative stress in the body, plasma 
concentrations of some recognized markers of oxidative damage of bio-
macromolecules, in particular of DNA, can remain at normal levels, 
as our studies have shown. From the data presented in the table and 
in the figure, it can be seen that the 8-OH-dG concentration con-
trol samples of BD patients does not differ from healthy individuals. 
Ambiguous results of the search for an association of serum 8-OH-dG 
levels with depressive disorders have also been reported in the work of 
other authors,3 which presents the results of a meta-analysis of stud-
ies seeking to link depression with this marker of oxidative stress and 
analyzes the factors contributing to this ambiguity.

At the same time, some studies have found a significant increase in 
8-OH-dG in BD.8,9,15 In addition, DNA damage in BD patients has 
been shown using the single cell gel electrophoresis comet assay.18

FIGURE 1

The Effect of Lithium Pyruvate (1.2 mM) on Blood Plasma 8-OH-dG 
Concentrations of Healthy Individuals and Bipolar Disorder Patients 
After Blood Incubation

16

14

12

10

8

Pl
as

m
a 

8-
O

H
-d

G
 (n

g/
m

l)

6

4

2
Bipolar Disorder

Median; Whisker: 25%–75%

Healthy Donors

Control LiPyr

Blood plasma 8-hydroxy-2’-deoxyguanosine (8-OH-dG) concentrations in ng/ml are presented as Me 
(QL–QU). Control (white columns) – results of measuring 8-OH-dG without lithium salts; LiPyr (grey 
columns) – results of measuring 8-OH-dG with Li-PYR. LiPyr – lithium pyruvate.
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Higher levels of DNA oxidative damage in bipolar disorder patients 
could partly be explained by immune-inflammatory activation, with 
increased levels of cytokines IL-6, sTNFR2, IL-18, and consequent ROS 
activation.19 These processes could occur contaminantly with a defective 
DNA repair mechanism in bipolar patients. On the other hand, the higher 
levels of DNA oxidative damage seen in blood samples from bipolar dis-
order patients may reflect the failure of nonspecific and enzymatic anti-
oxidant systems in BD. A similar depletion of antioxidant blood systems 
has been identified previously in alcoholism.20 However, lithium ions 
could inhibit pro-inflammatory pathways via inhibition of cyclooxygen-
ase-2 (COX-2) and decrease of prostaglandins production.21,22

In the present study, a significant decrease in the concentration of 
8-OH-dG was found in patients with BD in samples with Li-PYR 
compared to healthy individuals with a level of significance *p = 0.003, 
while other lithium salts did not show a noticeable effect (Table 1, Fig. 1).

The observed reduction in the product of oxidative DNA modifica-
tion in the presence of Li-PYR may be due to the antioxidant and cyto-
protective properties of this salt, which were detected on mononuclear 
cells. Lithium pyruvate significantly reduces apoptotic cell death due to 
oxidative damage in blood cells obtained from healthy volunteers and 
alcoholics.23 Notably, lithium itself can inhibit oxidative stress.24 Possible 
mechanisms of the antioxidant effect of lithium is to stimulate the expres-
sion of the transcription factor Nrf2. This protein activated by oxidative 
stress and pro-inflammatory stimuli.25 Opposite of that, lithium salts have 
a prooxidant effect. It has been shown, for example, that inorganic lithium 
chloride (LiCl) causes a significant increase in reactive oxygen species 
due to the activation of the PtkA-dependent pathway. It also stimulates 
NADPH oxidase (NOX) activity and mRNA expression of the NOX 
oxidase family under certain conditions.26 In general, clinical application 
of lithium is accompanied by a fear of side effects, making novel lithium 
salts with cytoprotective effects a highly attractive prospective treatment.

It should be noted that in the study of the effects of lithium salts on 
the oxidative damage of plasma proteins and lipids in healthy individu-
als and alcoholic patients, Li-PYR did not have a noticeable protective 
effect.7 That is, Li-PYR in vitro can differently affect the plasma bio-
macromolecules of healthy persons and patients with different patholo-
gies. In the present study, we did not detect the effect of Li-PYR on the 
8-OH-dG level in group of healthy individuals. The pronounced effect 
of Li-PYR reducing concentrations of 8-OH-dG was observed only in 
group BD (group of BD patients). Future studies should address the 
mechanistic basis for such differential sensitivity to Li-PYR.

Lithium pyruvate’s newly revealed effect of reducing 8-OH-dG in 
blood samples from BD patients substantiates the possibility of using 
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this salt in the treatment of this pathology. Noteworthy, the number of 
manic episodes experienced by BD patients increases with higher levels 
of 8-OH-dG, suggesting that oxidative damage to 8-OHdG might be 
a potential marker of disease progression.27

The protective effect of lithium pyruvate on blood cell DNA can 
be associated with a general cytoprotective effect,23 making lithium 
pyruvate an attractive prospect as a novel treatment for bipolar patients. 
Lithium pyruvate could potentially act not only as a cytoprotective 
agent via GSK 3β inhibition,28 but also as a highly effective antioxidant. 
Attenuated effects of pyruvate on 8-OHdG plasma levels have been 
associated with a decrease in ability to repair damage to DNA bases in 
bipolar patients.29,30

conclusIon

Cytoprotective and antioxidative properties of pyruvate may become 
especially significant in the case of bipolar disorder, where DNA oxida-
tion is correlated with manic episodes. Lithium pyruvate may act not 
only as a mood stabilizer; it may also reduce oxidative damage to DNA. 
The results of this study suggest that lithium pyruvate could prove to be 
a more effective treatment than lithium carbonate, which is in standard 
use, due to its antioxidative effects. Further study of this compound as a 
potential treatment for bipolar disorder is warranted. D
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