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Estimation of the effect of lithium salts on cytokine production by blood cells
in in vitro experiments
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ABSTRACT

Aim. To study the effects of lithium salts on production of cytokines by immunocompetent cells in the whole-blood
culture of patients with alcohol dependence and affective disorders.

Materials and methods. The study materials were blood samples from 25 patients with alcohol dependence (AD)
and 12 patients with bipolar disorder (BD). Blood diluted 1:1 with complete RPMI-1640 medium (Gibco, UK)
was added to the wells of the culture plate, then new lithium salts (succinate, fumarate, pyruvate, ascorbate) and
a reference salt — lithium carbonate at a final concentration of 1.2 mmol / I per lithium ion — were added. In par-
allel, control samples without lithium salts were tested; the samples were incubated for a day. The concentration
of cytokines (interferon (IFN) v, interleukin (IL)-18, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17A, tumor necrosis factor
(TNF) o) was determined in the culture supernatants on the MAGPIX multiplex analyzer (Luminex, USA) (Center
for Collective Use “Medical Genomics”, Tomsk NRMC) using the Human Cytokine / Chemokine Magnetic Bead
Panel (Merck, Germany).

Results. All lithium salts had a unidirectional effect on the production of cytokines by immunocompetent cells
(ICC), except for lithium ascorbate and IL-8. The concentrations of cytokines in the supernatants of loaded
and control samples (spontaneous production) were comparable, which indicates an absence of stimulating or
suppressing effects of salts on the functional activity of ICC under the experimental conditions. The effect of
lithium ascorbate as an IL-8 inducer was detected: the production of IL-8 induced by lithium ascorbate was 2.3-2.5
times higher than its spontaneous production.

Conclusion. The obtained results, as well as the previously revealed antioxidant and cytoprotective properties of new
lithium salts, confirmed that they are promising for development of pharmacological agents with combined action.
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OueHKa B/MAHUA CO/1eHM IMTUA HA NMPOAYKLUIO LUTOKUHOB K/1€TKaMu KPOBU
B OnbITax in vitro
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MBaHoBa C.A.', BoxaH H.A.'
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PE3IOME

Heapb — U3y4uTh BIUSIHUE COTIEH JINTHS HAa TPOAYKINIO IMTOKHHOB UMMYHOKOMIETEHTHBIMH KJIETKaMHU B KyJIBType
LIEJIbHOH KPOBH OOJIBHBIX C aJIKOTOJIBHON 3aBUCHUMOCTBIO M a)()eKTHBHBIMH PAacCTPOICTBAMHU.

MarepuaJbl 1 MeTOABI. MaTepranoM st HCCIIEI0BaHHsI OCITY KN 00pasibl KpOBHU 25 GOJIBHBIX C aJIKOTOJIBHOM
3aBUCUMOCTBIO M 12 manueHToB ¢ OUMONSpHBIM ad(EeKTHBHBIM pacCTpoOiicTBOM. B JyHKM KynbTypalbHOrO
IUTAHIIIETa BHOCHUJIM KPOBb, pa3BencHHyo 1 : 1 monHol cpenoit RPMI-1640 (Gibco, BennkobpuTanus), 106aBisiin
HOBBIE COJIM JIUTHA (CYKIMHAT, (yMapaT, IMUpyBaT, ackopbar) W COJib CPaBHEHHMs — KapOOHAT JINTHS B KOHEYHOM
KOHIIEHTpauuu 1,2 MMOJB/JI B pacueTe Ha MOH JIMTHS, HMapaljIe]bHO CTaBHIM KOHTPOJbHBIE IPOOBI Ge3 coneit
JIUTYSE; TIPOOBI MHKYOMpOBaNIM B TEYEHHE CYTOK. B cymepHaraHTax CyTOYHOH KyJbTYpbl Ha MYJbTHUILIEKCHOM
anaimmzatrope MAGPIX (Luminex, CIIA) (IKIT «Menununckas reHomukay, Tomckuit HUMII) onpenensiu
KOHIICHTPAIIMIO ITUTOKHMHOB (MHTEepdepoHa y, unrepievikuna (UJI) 1B, WJI-2, WUJI-4, WJI-6, UJI-8, WNJI-10,
WJI-17A, dakropa Hekpo3a OIyXOJIM () C HCIIOJIb30BaHHMEM HabopoB peareHToB Human Cytokine/Chemokine
Magnetic Bead Panel (Merck, 'epmanus).

PesyabTarel. Bee conu nuTus okasplBaly OJHOHAIPABICHHOE NEHCTBHE HA IPOAYKLUIO CHEKTpa IUTOKHUHOB
nMMyHoKoMneTeHTHBIME Kietkamu (MKK) 3a nckmouennem ackop6ata mutust u MJI-8. KoHneHTpanum nuToKMHOB
B CyNepHaTaHTaX HAarpy304YHBIX M KOHTPOJBHBIX NPOO (CHOHTAaHHAs MPOXYKIHSA) OBUIM COIOCTABUMEI, YTO
CBUJIETENICTBYET 00 OTCYTCTBHU CTUMYJIHPYIOLIET0 MK CYIIPECCUPYIOIIETO AeHCTBHS COJIeH Ha (DyHKIIMOHATIBHYIO
aktuBHOCTE MKK B ycnmoBmsix skcnepumenta. OOHapyxkeH 3d¢dexr ackopbara mutus kak mHxykropa MJI-8:
HHIYIMPOBaHHAs acKopOaToM JuTHs npoxykiun MJI-8 B 2,3-2,5 paza mpeBblmana ero CIOHTaHHYIO TIPOYKIIHIO.

3axkiouenne. [lomydeHHbIE pe3yabTaThl, a TAKXKE BHIABICHHBIE PaHEEe aHTHOKCHIAHTHBIE, IUTONPOTEKTOPHbIC
CBOMCTBA HOBBIX COJIEH JINTHUS MTOATBEPKJAIOT HX MIEPCIIEKTHBHOCTD AT pa3paboTKy (hapMaKOIOTHIECKUX CPENICTB
KOMOWHHPOBAHHOTO ACHCTBHSI.

KiroueBble c1oBa: coiau JINTUS, HUTOKUHBI, KJIICTKU KPOBU, AJIKOT'OJIM3M, 6I/IHOJ'I$IpH06 a(i)(i)eKTI/IBHOC paCCTpOﬁ-
CTBO.

KOHq)JII/IKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIHUAIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6HHKaHHCﬁ HaCTOﬂH_[ef/i CTaTbHU.

Hcrounuk punancupoBanus. VccnenoBanue BBITOIHEHO PH (GUHAHCOBOW MOAIEPKKe PoccHiicKoro HayqHOTO
¢onna (mpoekt Ne 17-75-20045), wactTrano (Habop ManueHToB) — B paMKax GpuHaHcHpoBaHus TeMbl HUP Ne 0550-
2019-0007.

CooTBeTcTBHE NMPUHLIMOAM 3THKHU. Bce mammeHTsl momnucand WHOOPMUPOBAHHOE COTJIACHE HA y4yacTHE B
nccnenoBanun. lccrnemoBanue 0J00pEHO JIOKAJNBHBIM 3THYEeCKUM KomuTeroM HUM mcuxmyeckoro 310poBbs
Tomckoro HUMII (mpotokon Ne 361 ot 23.10.2017).
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INTRODUCTION

Lithium-containing drugs are often used as mood
stabilizers in the complex therapy of patients with
mood disorders and alcohol dependence complicated
by affective disorders; lithium carbonate is commonly
used for such treatment [1-3]. At the same time, the
data of biological studies indicate a significant role of
inflammation and oxidative stress factors in these dis-
eases [4—8]. This determines the relevance of develop-
ing combined action drugs targeted to the main links
in the pathogenesis of affective spectrum disorders.

Mental Health Research Institute of Tomsk NRMC
is engaged in search for lithium salts with combined
normothymic, neuroprotective, cytoprotective, and
antioxidant effect. To select the most promising com-
pounds as the basis for combined action drugs, studies
are being carried out on the biological effects of new
lithium salts synthesized on the basis of ascorbic acid
and citric acid cycle substrates (succinate, fumarate,
pyruvate).

The aim of this work was to study the effect of lith-
fum salts on the production of cytokines by immuno-
competent cells in the whole-blood culture of patients
with alcohol dependence and affective disorders.

MATERIALS AND METHODS

The material for the study was blood samples from
25 men with alcohol dependence (AD) according to
the International Classification of Diseases, Tenth Re-
vision (ICD-10) (“Mental and behavioral disorders
due to alcohol use: dependence syndrome — F10.21
and withdrawal syndrome — F10.30”), aged 29 to 60
(46.82 + 9.48) years and 12 patients (2 men, 10 wom-
en) diagnosed with ICD-10 “Bipolar disorder — F31”
(BD), aged 20 to 59 (35.61 £ 13.63) years; the level of
statistical significance of age differences between the
groups p = 0.0152.

The patients were admitted for treatment to the
Addictive States and the Affective States Departments
of the Mental Health Research Institute clinic, Tomsk
NRMC. Blood sampling from the patients was carried
out from the cubital vein in the morning on an empty
stomach before the start of standard therapy; Vacutain-
er systems with EDTA anticoagulant were used. All
patients signed an informed consent to participate in
the study. The study was carried out in compliance
with ethical standards developed in accordance with
the Declaration of Helsinki of the World Medical As-
sociation and approved by the local Ethics Committee
at Mental Health Research Institute of Tomsk NRMC
(protocol No. 361 of 23.10.2017).

Lithium salts (lithium succinate — Li, C,H,0O,;

lithium fumarate — Li, C,H,O,; lithium pyruvate —

LiC,H,O,; lithium ascorbate — Li C.H,O,) were syn-
thesized at Research School of Chemical and Bio-
medical Technologies of National Research Tomsk
Polytechnic University. Lithium carbonate — Li,CO,
(Sigma-Aldrich, USA) was used as a reference salt,
since this salt is the basis of most lithium preparations
used in medical practice. Lithium salts were dissolved
in physiological saline, and stock solutions were ob-
tained with a convenient concentration for further
addition to experimental samples. The final standard
concentration was 1.2 mmol / 1 per lithium ion (Li"),
which correlated with the therapeutic dose of lithium
in treatment of affective spectrum disorders.

Peripheral venous blood was sampled in BD
Vacutainer tubes with EDTA anticoagulant. Blood
was diluted 1: 1 with the RPMI-1640 medium (Gibco,
UK) with addition of inactivated fetal bovine serum
(Gibco, UK), HEPES (Sigma-Aldrich, USA), and
gentamicin (Dalkhimpharm, Russian Federation). A
certain volume of diluted blood was added to the wells
of the Cell Culture Plate (24-Well, Eppendorf). The
samples were added with stock solutions of lithium
salts to a final Li* concentration of 1.2 mmol / 1 (load-
ed samples). To evaluate the spontaneous production
of cytokines by immunocompetent cells (ICC), in par-
allel with loaded samples, control samples without ad-
dition of lithium salts were used.

The samples were incubated for 24 hours at 37° C
in 5% carbon dioxide in a CO,-incubator. After incu-
bation, the supernatants were carefully taken, poured
into aliquots, and stored in a low-temperature cham-
ber at —80° C until cytokines were determined.

The level of cytokine production was assessed
by their concentration in the supernatants of loaded
and control samples using the LuminexxMAP tech-
nology on a MAGPIX multiplex analyzer (Luminex,
USA) (Center for Collective Use “Medical Genom-
ics”, Tomsk NRMC). The concentration of cyto-
kines (interferon y (IFNy), interleukin (IL)-1p, IL-2,
IL-4, IL-6, IL-8, IL-10, IL-17A, and tumor necrosis
factor (TNF) o) was determined using the MILLIP-
LEX MAP Human Cytokine / Chemokine Magnetic
Bead Panel (Merck, Germany) The analysis was per-
formed in a standard 96-well plate according to the
instructions for the kits. The results were presented
in pg/ ml.

Statistical analysis was performed using the STA-
TISTICA software package for Windows, version
12.0. Descriptive statistics were presented by the me-
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dian and the interquartile range Me (LQO-UQ). For in-
tergroup comparison, the Mann — Whitney test was
used. The differences were considered statistically
significant at p < 0.05.

RESULTS

During the cultivation of blood samples from pa-
tients with AD, most lithium salts did not have either
a stimulating or inhibitory effect on the production of
cytokines, except for lithium ascorbate and IL-8 (Ta-
ble 1). There were no statistically significant differenc-
es in the level of cytokines in the loaded and control
samples, which indicates the presence of cytokines
spontaneously produced by ICC in the samples with
lithium salts, including lithium carbonate. The highest
concentration in blood cell culture supernatants was
found for the anti-inflammatory cytokine IL-4, the

median values in all the samples ranged from 19.52 to
19.85 pg / ml. The lowest concentrations were found
for proinflammatory cytokines IL-2 (1.43-1.50 pg /
ml) and IL-6 (1.54—1.69 pg / ml).

At the same time, the addition of lithium ascorbate
to the whole-blood culture resulted in a pronounced
increase in the production of IL-8 (Table 1), and its
content in the supernatants of the loaded samples ex-
ceeded the corresponding value in the samples with
other lithium salts (the level of statistical significance
of the differences between the samples ranged from
0.0060 to 0.0003). In addition, the concentration of
IL-8 in the samples with lithium ascorbate was 2.5
times higher than the corresponding value of its spon-
taneous production in the control samples (25.37
(17.19-36.04) and 10.07 (8.41-15.99) pg / ml, respec-
tively, p_ = 0.0010).

Table 1
Cytokine concentration in the supernatants of diurnal blood cell culture of patients with alcohol dependence, pg / ml, Me (LO-UQ)
Ci’lteoski- Loaded samples, Li* dose — 1.2 mmol / 1 Control )
pg/r’nl 1 (n=25) 2 (n=23) 3 (n=25) 4(n=24) 5(n=24) 6 (n=25)
6.62 6.93 6.69 6.92 6.58 6.46

TFNy (5.72-7.59) (6.00-7.41) (6.02-6.96) (6.24-7.41) (6.02-7.46) (5.94-7.18) p>005
IL-1p 4.41 4.06 3.78 3.44 4.00 4.10 p>0.05

(2.83-6.56) (3.24-5.54) (2.95-5.28) (2.744.81) (3.10-6.21) (3.03-5.08)
L2 1.47 1.43 1.45 1.50 1.49 1.46 p>0.05

(1.30-1.69) (1.27-1.68) (1.26-1.60) (1.38-1.67) (1.29-1.57) (1.27-1.60)
L4 19.85 19.65 19.65 19.68 19.62 19.52 p>0.05

(18.25-21.30) | (18.25-21.20) |(18.21-21.50)| (18.24-21.15) | (18.23-20.77) | (18.25-20.28)

IL-6 1.69 1.62 1.54 1.65 1.66 1.64 p>0.05

(1.31-2.25) (1.36-2.07) (1.39-2.13) (1.36-2.07) (1.34-2.55) (1.36-2.33)

2537 0.006 (between samples 1 and 5);

IL-8 12.66 11.05 11.01 11.57 (17.19-36.04) 10.07 0.002 (between samples 2 and 5);

(8.57-20.26) | (8.66—18.04) | (8.52-12.64) | (9.02-17.88) b _0.001 (8.41-15.99) |0.0003 (between samples 3 and 5);

= 0.004 (between samples 4 and 5)

IL- 10 7.29 7.29 7.27 7.30 7.23 7.29 > 005

(6.88-8.9) (6.59-7.98) (6.59-8.35) (6.92-8.66) (6.80-8.33) (6.49-7.94)
1L-17 5.56 5.37 5.56 5.59 5.74 5.64 p>0.05

(5.01-6.07) (5.16-5.91) (5.20-5.88) (5.19-6.06) (5.21-6.18) (5.00-5.95)
TNFa 5.81 5.52 5.43 5.71 5.81 5.62 p>0.05

(4.7-7.31) (4.88-7.33) (4.96-7.00) (4.91-6.40) (4.42-6.54) (4.64-7.30)

Note: 1 — lithium succinate; 2 — lithium fumarate; 3 — lithium pyruvate; 4 — lithium carbonate;

5 — lithium ascorbate; 6 — control samples.

p, — the level of statistical significance of differences in relation to sample 6 (control);
p — the level of statistical significance of differences between the samples 1 and 5; 2 and 5; 3 and 5; 4 and 5.

Similar results were obtained in a series of exper-
iments with blood samples from patients with bipolar
disorder (Table 2), although this group of patients dif-
fered from the group of patients with alcoholism in
terms of age and sex characteristics.

In the diurnal cell culture supernatants of patients
with BD, as well as in the first series of experiments
with blood samples from patients with AD, no statis-

tically significant differences were found between the
samples loaded with lithium salts (except for ascorbate
and IL-8) and the control samples. In all the samples,
IL-4 (18.38-20.09 pg / ml) and IL-17A (14.15-15.12
pg / ml) had the highest average values of the cyto-
kine content (Me), whereas 1L-2 (1.70-1.85 pg / ml)
and IL-6 (1.47-1.69 pg / ml) were characterized by the
lowest values.
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Table 2

Cytokine concentration in the supernatants of diurnal blood cell culture of patients with bipolar disorder, pg / ml, Me (LO-UQ)

Cytokines, Loaded samples, Li* dose — 1.2 mmol / 1 Control )
pg/ml 1(n=12) | 2(n=12) 3(n=11) 4(n=12) 5(mn=11) 6(n=12)
5.88 5.16 529 535 5.77 535
TFNy (450-6.99) | (4.71-641) | (441-6.58) | (4.75-737) | (4.56-6.93) | (4.45-8.51) p=0.05
28 3.12 2.68 2.88 322 2.83
IL-1B (2.37-4.44) | (2.56-3.49) | (2.00-2.98) | (232-3.22) | (2.43-3.44) | (1.98-327) p=005
1.76 1.74 1.74 1.70 1.81 1.85
IL-2 (1.68-1.90) | (1.64-1.92) | (1.56-1.81) | (1.60-1.87) | (1.60-1.96) | (1.60-2.02) p=005
18.38 19.14
19.89 19.08 20.09 19.85
IL-4 g (18.29- 8 (1821 ¢ g »>0.05
(18252010 Q000 612044 | G0 | (18202184) | (1825-20.13)
1.67 161 1.47 1.58 1.67 1.69
IL-6 (147-2.04) | (1.54-1.96) | (1.35-1.74) | (147-1.84) | (139-2.24) | (1.54-1.99) p>005
IL-8 10.00 10-52 583 1066 | (1osesizn | 898 | Gor (betweon sz and 5
(663-13.00) | (833-16.45) | (672-1330) | (730-20.33) | (0F 0| 6.66-1030) | ' Locern sempte 2o o)
Lto 5.63 5.42 528 5.75 5.58 531 003
(5.32-6.05) | (5.11-5.85) | (487-5.72) | (5.21-7.17) | (5.15-6.43) | (5.07-5.75) p=0.
17 14.62 (11;"323_ 14.15 (11;"?79_ 15.12 14.63 p>005
asas-1saa)| (IET [a2sersaa | (0| (404-1577) | (13.60-15.19)
INFo 2.96 3.09 2.86 3.16 2.96 3.06 »>0.05
(2.74-3.17) | (2.81-323) | (261-3.01) | (2.76-3.19) | (2.76-3.26) | (2.50-3.36)

Note: p, — the level of statistical significance of differences in relation to sample 6 (control);

p — the level of statistical significance of differences between the samples 1 and 5; 2 and 5; and 3 and 5.

In this series of experiments, the ability of lithium
ascorbate to enhance the production of IL-8 by ICC
was confirmed. The concentration of IL-8 in the super-
natants of the samples loaded with lithium ascorbate
significantly exceeded the corresponding value both in
the control samples (p, = 0.002) and in the samples
with other lithium salts (the levels of statistical signif-
icance of differences were from 0.010 to 0.002). The
mean (Me) lithium ascorbate-induced IL-8 production
/ the mean spontaneous IL-8 production ratio was 2.33.

DISCUSSION

Despite the fact that lithium has been used as a
mood stabilizer for more than half a century, it remains
the gold standard for treatment of affective spectrum
disorders, as evidenced by a number of reviews over
the past decade [9—11]. Along with a high therapeutic
effect of lithium therapy, it poses a risk of toxicity, to
decrease which various ways are proposed, in partic-
ular, to reduce the dose of the drug and monitor con-
stantly the level of lithium in patients’ blood.

To reduce toxicity and increase the therapeutic ef-
fect, one of the approaches is to expand the spectrum

of lithium salts synthesized on the basis of various
anionic components. We previously identified anti-
oxidant and cytoprotective effects in certain lithium
compounds synthesized from substrates of the citric
acid cycle (succinate, fumarate, pyruvate) and ascor-
bic acid in plasma and blood cell models [12, 13].

Considering the role of inflammation in the patho-
genesis of affective spectrum disorders, this study
continued to evaluate the biological effects of new
lithium salts, as well as the reference salt of lithium
carbonate, on the production of cytokines by ICC in
the diurnal whole-blood culture of patients with AD
and BD in the complete RPMI-1640 medium. Ana-
lysis of the data showed that almost all the salts had
a unidirectional effect on the cytokine production in
blood samples from patients with different patho-
logies, except for the lithium ascorbate effect on the
production of IL-8.

At the same time, there were no statistically signi-
ficant differences in the level of cytokines in the su-
pernatants of the loaded and control samples. Thus,
the analyzed salts did not have negative effects on
blood cells, which, under the experimental conditions,
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retained the ability to spontaneously produce cytokines.
A new property of lithium ascorbate was discovered —
to enhance the production of [L-8 by ICC. It was found
that the level of IL-8 in the samples loaded with lithium
ascorbate was 2.3-2.5 times higher than the level of
its spontaneous production, regardless of the pathology
and gender and age characteristics of patients.

IL-8 (CXCLS8) belongs to the group of CXC
chemokines involved in the regulation of the bio-
logical activity of almost all ICC; the main role of
IL-8 is enhancing the chemotaxis of leukocytes to
the focus of infection, its localization and removal.
The role of chemokines in the development of an im-
mune response to the pathogen is widely covered in
the literature [14—16]. The effect of lithium ascorbate
on IL-8 synthesis, revealed in our experiments, may
be due to the unique properties of ascorbate in regulat-
ing redox processes [17, 18].

In the blood culture medium with lithium ascor-
bate in the presence of iron ions, a prooxidant system
can be created. This leads to stimulation of leuko-
cytes and expression of CXCR1 and CXCR2 recep-
tors, which initiate the early phase of a nonspecific
immune response and are able to bind to CXCLI,
CXCL2, CXCLS, CXCL6, CXCL7, and CXCLS8 [16,
19]. To some extent, the obtained results may depend
on the experimental conditions (drug dose, incubation
time, etc.). It should be noted that the revealed effect
of lithium ascorbate was manifested at a Li* dose of
1.2 mmol / 1, corresponding to the therapeutic dose in
treatment of affective disorders.

High levels of IL-8 are typical of a wide range of
chronic inflammatory diseases [20-22]. At the same
time, production of IL-8 associated with innate immu-
nity activation does not weaken subsequent adaptive
mechanisms of antigen-specific immune defense [23].
On the contrary, suppression of IL-8 secretion in the
initial phases of inflammation can result in a decrease
in the influx of neutrophils into the foci of inflamma-
tion, impaired elimination of the pathogen, and transi-
tion of the infectious process to a chronic course due
to immunodeficiency [24]. The revealed property of
lithium ascorbate makes it possible to expand the arse-
nal of [L-8 / CXCLS8 inducers — a regulator of natural
immunity, which is especially necessary in the initial
phases of inflammation.

CONCLUSION

Lithium succinate, lithium fumarate, lithium py-
ruvate, lithium ascorbate, and lithium carbonate (the
reference salt) have a unidirectional effect on the

production of cytokines by immunocompetent cells
during 24-hour incubation in the RPMI medium of
blood samples from patients with alcohol dependence
and bipolar disorder. Cytokine concentrations in the
supernatants of all loaded and control samples (spon-
taneous production) were comparable. This indicates
the absence of both stimulating and suppressive effects
of these compounds on the functional activity of ICC
and can be considered as their positive characteristic.
This characteristic also applies to lithium ascorbate. In
addition, the property of lithium ascorbate as an IL-8
inducer was discovered.

The data obtained in this work and the previously
revealed antioxidant and cytoprotective properties of
some new lithium salts confirm the relevance of fur-
ther study of their biological effects in order to select
the most promising compounds for the development
of import-substituting combined action drugs both
for treatment of affective spectrum disorders and for
possible wider use in other diseases, the pathogen-
esis of which involves inflammation and oxidative
stress.
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