Reviews on Clinical Pharmacology

ORIGINAL STUDY ARTICLES Vol. 22(4) 2024 and Drug Therapy
DOI: https://doi.org/10.17816/RCF633855 ' 4.)
Neurotropic and immunomodulatory properties Skt

of a novel bioflavonoid composition

Irina A. Goldina !, Evgeniya V. Markova ', lvan V. Savkin ', Olga S. Anikeeva ',
Evgeniy V. Serenco !, Anna V. Smyk !, Tamara V. Shushpanova ?, Mariya A. Knyazheva'

! Sechenov Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russia;
2 Tomsk National Research Medical Center, Russian Academy of Science, Tomsk, Russia

ABSTRACT

BACKGROUND: Flavonoids, a class of plant polyphenols, exhibit a wide range of biological (neuro- and immunotropic,
antioxidant, anti-inflammatory, epigenome-modulating) properties involved in the mechanisms of management in vari-
ous pathological processes, including nervous system diseases. Alcoholism is a pervasive social, medical, and economic
issue of a modern society. Prolonged exposure to ethanol has a direct and mediated toxic effect on the human body
through its metabolites negatively affecting nervous and immune systems that play a major role in adaptation. The ability
of bioflavonoids to manage pathological disorders in a wide range of chronic diseases with neuroimmune pathogenesis
mechanisms by interacting with specific cell surface receptors can provide therapeutic benefits in alcoholism.

AIM: To assess neurotropic and immunomodulatory properties of a novel curcumin-based bioflavonoid composition
during prolonged ethanol consumption.

MATERIALS AND METHODS: The content of bioflavonoids in the composition was measured in aqueous-organic ex-
tracts using high-performance liquid chromatography (HPLC). Chronically alcoholized male (CBA x C57Bl/6)F 1 mice who
received a 10% ethanol solution as the sole source of fluid during six months were administered a bioflavonoid com-
position during 30 days. Subsequent studies assessed alcohol motivation by consumption of a 10% ethanol solution in
free choice with water, as well as behavioral parameters in the open field test, cytokine content in the brain structures
(prefrontal cortex, hypothalamus, hippocampus, striatum) using enzyme immunoassay. The intensity of the cellular and
humoral immune response was determined by the severity of the delayed-type hypersensitivity response and relative
number of splenic antibody-forming cells, respectively.

RESULTS: The quantitative content of bioflavonoids was determined in the composition consisting of curcumin, piperine,
soybean isoflavonoids, epigallocatechin-3-gallate, triterpene saponins, and -carotene. Taking this composition in the
context of prolonged ethanol consumption was shown to have a positive effect expressed in correcting the alcoholism-
related behavioral phenotype (reduced alcohol motivation, stimulation of locomotor and exploratory activity), accom-
panied by decreased levels of certain proinflammatory cytokines in the brain structures (most pronounced in the hippo-
campus). Stimulation of the humoral and cellular immune response was also demonstrated after a course of treatment
with the described composition.

CONCLUSIONS: The data support the use of the novel bioflavonoid composition as an additional immunomodulatory and
neurotropic agent in the treatment of chronic alcoholism.
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AHHOTALNA
AkTyanbHocTb. ®naBoHOMABI, KNACcC pacTUTENbHbIX NOAMGEHO0B, 0671aAat0T LLMPOKUM CNEKTPOM 61ON0rNYeCcKMX CBONCTB —
Heipo- U MMMYHOTPOMHbIX, @HTMOKCWAAHTHbIX, MPOTUBOBOCMANUTENbHBIX, 3MUrEHOM-MOLYNMPYIOLLIMX, — BOB/EYEHHbIX

B MEXaHU3Mbl KOPPEeKLMM MpU PasfiMyHbIX MaToflorMyeckux mpoueccax, B TOM uucie 3ab0neBaHWsiX HEPBHOW CUCTEMb.
Ankoronnam — rnobanbHas coumanbHas, MeaULMHCKas M 3KOHOMUYEeCKas npobneMa coBpeMeHHoro obulectsa. [nutenb-
Hoe BO3[EeiCTBME 3TaHONA OKa3blBaeT MpAMOe W OMoCcpefoBaHHOe MPOAYKTaMW ero MeTabonM3Ma TOKCMYECKoe BO3[en-
CTBME Ha OPraHW3M YeslOBEKa, HEraTUBHO BAMAS HA PYHKLMM OCHOBHbIX aflanTaLMOHHbIX CUCTEM — HEPBHOW U UMMYHHOMN.
CnocoBHocTb B1MOGIaBOHOMAOB K KOPPEKLIMM MATONOMMYECKMX HapYLLIEHWIA MPU LLIMPOKOM CNEKTPE XPOHUYECKUX 3abosieBaHuit
C HEMPOMMMYHHBLIMW MeXaHM3MaMuW NaToreHesa nyTeM B3aUMOAEACTBUS CO cneumbUYecKUMU peLLenTopamMm Ha NoBEPXHOCTH
KINeTOK MOXeT 06ecneynTb NO3UTUBHBIN TepaneBTUHecKUiA IQDEKT Npy anKkorosmsMe.

Llenb — oueHKa HelipoTPONHbIX M UMMYHOMOAY/IUPYIOLLMX CBOWCTB MHHOBALMOHHOW KOMMO3ULMKM OMO(IaBOHOMAOB Ha OC-
HOBE KYpPKYMWHa NpU LSIUTENIbHOM ynoTpebneHuu aTaHona.

Martepuans! n MeToabl. CofiepaHue 61othnaBoHOMI0B B KOMMO3ULIUM U3MEPSIV B BOAHO-0PraHUYeCKUX 3KCTPaKTax METOI0M
BbICOKO3I(QEKTUBHON HUAKOCTHON XpoMaTorpaduu. [nuTenbHO anKoronmanpoBaHHbIM MblwaM-camuaM (CBAxCS7BL/6)F1,
KoTopble nonyyanu 10 % pacTBop 3TaHoNa B KayecTBe efMHCTBEHHOMO UCTOYHMKA MULKOCTU Ha MPOTAMEHUM 6 Mec., BBO-
VAN KoMnosuumio bruodnasoHomaoB B TeveHne 30 AHeid. 3aTeM OLEHMBANM afiKorosibHY0 MOTMBALMIO MO NOTPebneHuto
10 % pacTBopa 3TaHoNa B YCNOBUsX CBODOAHOM0 BbIOOpA C BOJOM, a TaKXKe NapaMeTpbl NOBEeIEHUS B TECTE «OTKPLITOE Nosie,
COZIepXaHue LIMTOKWMHOB B CTPYKTypax Mo3ra (npedpoHTanbHOM Kope, runoTanaMyce, rmnnoKamne, CTpuaTyMe) MeTooM UM-
MyHO(EPMEHTHOrO aHann3a, MHTEHCUBHOCTb KIETOYHOTO (MO BbIpaXKEHHOCTU peaKLmMmM rUnepyyBCTBUTENbHOCTH 3aMe/IeHHO-
ro TWMa) 1 ryMopasibHOr0 MIMMYHHOIO OTBETa (M0 OTHOCUTENILHOMY YUCHY aHTUTEN00OPA3YHOLLMX KIETOK CENIE3EHKM).
PesynbTathl. bbinio onpefeneHo KonuyecTBeHHoe cofepaHue 61odraBoHOMA0B B KOMMO3ULMM — KyPKYMUHA, NUnepu-
Ha, U30(IaBOHOMAOB COM, MUraNsIoKaTeXMH-3-rannata, TPUTEPNEHOBbIX CanoHWMHOB U B-KapoTuHa. [okasaHo, YTo npuem
AaHHOM KOMMO3WLMKM Ha (oHe ASMTENbHOTO YroTPebieHNs 3TaHoNa OKasblBasl MO3UTUBHBLIA 3DMEKT, BbIpaXKaloLLMIACS B pe-
AaKTMPOBaHUM XapaKTepHOro AJ1S1 aJIKOro/iM3Ma MoBefeHYeckoro GeHoTMna (CHUMEHUN anKorosibHOM MOTUBALMM, CTUMYNIA-
LiM TOKOMOTOPHOM M UCCIe[10BaTeNIbCKON aKTUBHOCTH) Ha (hOHE CHUMEHMS YPOBHE pAaa NpoBOCMafUTeNbHbIX LIUTOKMHOB
B CTPYKTYpax Mo3ra, Haubonee BbipaXeHHOr0 B rumnmnokamne. Mocse KypcoBoro npuMeMa KOMMO3UUMK NOKasaHa TakKe CTu-
MYJISILMS TYMOPAAbHOIO M KIETOYHOTO MMMYHHOMO OTBETA.

BbiBogpl. MonyyeHHbIe AaHHbIE MO3BONIAT PAcCMATpUBaTh BO3MOMHOCTb NMPUMEHEHUS| MIHHOBALMOHHOWA KOMMO3uLmmM buo-
(naBOHOMA0B B Ka4yecTBe [OMOSHUTENIBHOMO MIMMYHOMOAY/IMPYIOLLErO U HEMPOTPOMHOIO CPEeACTBA B TepanuM XPOHUYECKOT0
anKoroiusMa.

KnioueBble cnoBa: MHHOBALMOHHAA KOMMO3WLMA 6M0¢J’IaBOHOVI,U,0B; aJIKOroJin3Mm; CTPYKTYPbI FOJIOBHOI0 MO3ra; UNTOKWHbI;
VIMMyHHbIVI OTBeT.
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BACKGROUND

Flavonoids are a class of plant polyphenols that enter
the human diet with vegetables, fruits, and other plant
foods. Although flavonoids are not essential nutrients,
they exhibit a wide range of favorable biological (includ-
ing neuro- and immunotropic, antioxidant, anti-inflam-
matory, and epigenome-modulating) effects, which are
involved in the mechanisms of management in various
pathological processes, such as neurodegeneration, neu-
rotoxicity, and affective disorders.

Currently, alcoholism is a pervasive social, medical
and economic issue of the modern society. It affects up
to 4% of the adult population worldwide and is one of the
leading risk factors for premature death and disability
[1, 2]. Decades of research have shown that prolonged
exposure to ethanol has a negative effects on functio-
ning of the body’s main adaptive systems. Thus, in the
nervous system, alcohol affects functioning of almost
all neurotransmitter systems (GABA-, dopamine-, se-
rotonin-, acetylcholinergic, glutamate and endocannabi-
noid), altering the synthesis, release and metabolism of
individual neurotransmitters and the process of receptor
binding [3]. In addition, ethanol affects various hormones,
neuropeptides, growth factors, enzymes, intracellular
signaling molecules and transcription factors [4]. Dur-
ing long-term exposure, ethanol affects TLR7 signaling
indirectly through Toll-like receptors (TLR), which con-
tributes to neuroinflammation and neurodegeneration.
Alcohol has also been shown to change the expression
level of miR-let7b, miR-96, miR-182, and miR-155 mi-
cro-RNAs and the concentration of mRNA of amphoterin
(HMGB1), TLR3, and TLR4 in the nucleus accumbens of
the brain in rats after long-term alcohol exposure [5].
Ethanol intake increases lipid peroxidation and the levels
of mitochondrial oxidized glutathione (GSSG), interleu-
kin 1B (IL1B), and tumor necrosis factor-a (TNF-a) in hip-
pocampal tissues of experimental animals. Ethanol also
causes a decrease in the activity of glutathione (GSH),
superoxide dismutase (SOD), glutathione peroxidase
(GPx) and glutathione reductase (GR), and decreases the
levels of CREB transcription factor, brain neurotrophic
factor BDNF and apoptosis regulator Bcl 2 [6]. Ethanol
alters the activity of neurons, glial cells and their pro-
duction of neurcimmune regulatory factors [7]. Current-
ly, ethanol-induced behavioral changes, in particular,
depressive-like behavior [8], memory impairment [9],
neurodegenerative changes, including increased neuron
death and decreased neuroplasticity (decreased neuro-
genesis and BDNF level), mainly in the hippocampus,
as well as subclinical changes in other brain structures
[10, 11], are associated with neuroinflammatory process-
es and oxidative stress [12].

Ethanol-induced changes in the immune system
functions are another mechanism by which it alters
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physiological processes in the body [13]. In vivo and in
vitro studies demonstrate that ethanol modulates the
functional activity of the innate immunity cells. In par-
ticular, chronic alcohol abuse leads to suppression of
phagocytosis, decreased production of several growth
factors (hepatocyte growth factor (HGF), granulocyte
colony-stimulating growth factor (G-CSF) and vascular
endothelial growth factor (VEGF)), and increased se-
cretion of pro-inflammatory cytokines by mononuclear
cells in the blood through stimulation of TLR4, TLR7, and
TLR8. Alcohol abuse also affects cell-mediated and hu-
moral immunity by reducing the number of CD4* and CD8*
lymphocyte subpopulations, altering naive T lymphocyte
phenotype conversion and homeostatic proliferation, re-
sulting in an increase in memory T cells [14]. Notably, the
increase in the number of memory T cells is associated
with the development of chronic inflammatory and age-
associated diseases, such as osteoporosis, Alzheimer’s
disease, autoimmune, cardiovascular diseases, and can-
cer [13]. A decrease in the pool of naive T cells is as-
sociated with a decrease in the formation of an effective
immune response to infection and vaccination [15], which
is facilitated by functional, transcriptomic and epigenomic
changes in monocytes and resident macrophages, in-
creasing inflammation but weakening the antimicrobial
response, as well as reducing the levels of circulating
factors responsible for the recruitment of immune cells
to the infection site (chemokines CCL3/4, metalloprote-
ases MMP 9), but increasing the levels of cytokines IL-2,
IL-7, IL-15, IL-12, TNF-q, regulated upon activation, nor-
mal T cell expressed and secreted chemokine (RANTES),
and T-cell chemoattractant CXCL9 [14, 16].

The mechanisms of ethanol effect on the immune sys-
tem can be realized both directly by receptor-mediated
alteration of the functional phenotype of immunocompe-
tent cells [17], and indirectly by modulating the activity
of the hypothalamic-pituitary-adrenal system, thus pro-
viding glucocorticoid-mediated potentiation of the com-
ponents of the innate immunity and suppression of the
adaptive immunity through peripheral cytokine-induced
activation of the vagus nerve [18]. Disruption of neuro-
immune interaction in chronic ethanol intoxication also
manifests as changes in the balance of central and pe-
ripheral cytokine production, and increased synthesis of
autoantibodies to neurotransmitters [19-21]. The severity
of clinical manifestations, uncertain prognosis, and insuf-
ficient effect of the existing treatment methods determine
the need for development of new treatment strategies for
alcohol abuse which will address the key mechanisms of
pathogenesis of the disease.

Plant polyphenolic compounds can regulate various
physiological processes, including protective reactions of
the body, and correct pathological processes in a wide
range of chronic diseases with neurcimmune pathoge-
nesis mechanisms by interacting with specific receptors
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on the surface of immune cells, as well as neurons and  mediated by cellular receptor systems are schematically
microglia, protecting cells from oxidative stress [22, 23].  presented in Fig. 1.

Thus, bioflavonoids affect the receptor functions of vari- Anti-inflammatory, antioxidant, neuroregenerative,
ous cytokines, G-protein-coupled receptors (GPCRs), and immunomodulatory properties of bioflavonoids, as
and integrins (transmembrane protein signal transport-  well as their ability to influence epigenetic mechanisms
ers). Receptor-mediated signal transduction initiated by  of gene expression regulation and penetrate the blood-
bioflavonoids can lead to changes in adhesive proper-  brain barrier, exerting a direct modulatory effect on brain
ties and cell motility, as well as modulation of gene ex-  cells, which were described in detail earlier [24], allow us
pression, synthesis and production of biologically active  to consider these substances as adjuvants in the therapy
substances, cell proliferation or apoptosis [24]. The pri-  of alcohol abuse. We have also shown positive effects
mary mechanisms and pathways of bioflavonoid effects  of curcumin in experimental alcohol abuse, which are
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Fig. 1. Pathways of receptor-mediated effects of bioflavonoids on cell functions (according to Nelson J. Structure and function in
cell signalling. John Wiley and Sons, Ltd., 2008). RTK, Receptor tyrosine kinase; GPCR, G-protein-coupled receptors; JAK, Janus
kinase; STAT, is a member of the transcription factor/signal transducer and activator of transcription family; PKB, Protein kinase B;
IkB, nuclear transcription NF-kB factor inhibitor; PLC, protein lipase C; PKC, protein kinase C; PKA, Protein kinase A;
GRB2, Growth factor receptor-bound protein 2); SOS1, membrane protein involved in signaling cell growth and differen-
tiation; Ras, a membrane-bound protein of the small GTPases family involved in signal transduction; Raf, proto-oncogene;
MAPK n MAP2K, Mitogen-activated protein kinase; SHC1 — SHC-transforming protein 1

Puc. 1. Tyt peuentop-onocpefoBaHHOro BAMSHUA 6ruodnaBoHoMaoB Ha GyHKumK knetok (no: Nelson J. Structure and function in
cell signalling. John Wiley and Sons, Ltd., 2008). RTK (Receptor tyrosine kinase) — peuentop Tpo3suHkuHasbl; GPCR (G-protein-
coupled receptors) — peuentop, cBsi3biBatoWwmii G-6eNKK, BbINONHAET QYHKUMIO aKTUBATOPOB BHYTPUKIETOUHLIX MyTel nepefayun
curHana; JAK (Janus kinase) — Janus-kuHasa; STAT — uneH ceMeiicTBa TPAHCKPUMLMOHHBIX (haKTOpPOB / MEPEHOCYMK CUrHanoB
1 aktmBaTop TpaHckpunumu; PKB (Protein kinase B) — npoTenHkuHasa B; IkB — uHrnbutop spepHoro dakrtopa TpaHckpunumm NF-KB;
PLC — npoteuntnunasa C (protein lipase C); PKC — npotenHkuHasa C (protein kinase C); PKA (Protein kinase A) — npotenHkuHasa A; GRB2
(Growth factor receptor-bound protein 2) — dakTtop pocta; SOS1— MeMbpaHHbIii 6e10K, y4acTBYHOLLMI B Nepejaye CUrHasoB KIIETOYHOro
pocTa 1 auddepeHumpoBku; Ras — MeMbpaHocBsi3aHHbIe Denku ceMelicTBa Manblx [TMas, yyacTsylowwme B nepefaye curHana; Raf —
npoTooHKoreH; MAPK n MAP2K (Mitogen-activated protein kinase) — MuToreH-akTMBMpyeMble npoTenHkuHasbl; SHC1 (SHC-transforming
protein 1) — SHC-tpaHchopmupylowmin 6enok 1, UrpaeT BaHyK ponib B PerynsuMyM anonTo3a U JIEKApCTBEHHONM YCTOAYMBOCTH
B KJIeTKaX
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expressed in stimulation of orienting and exploratory be-
havior, proliferative activity of lymphocytes and cellular
immune response [25-27].

A novel curcumin-based bioflavonoid composition
(NBC) with therapeutic and preventive properties against
age-associated diseases was developed as part of the
agreement on scientific and technical cooperation be-
tween Research Institute of Fundamental and Clinical
Immunology (Novosibirsk, Russia) and Doctor Kornilov
LLC (Barnaul, Russia) novel (NBC) (Patent for Invention
RU2654868C1) [28].

The study aimed to evaluate the neurotropic and im-
munomodulatory effects of curcumin-based NBC in long-
term alcohol abuse, taking into account the multimodal
effects of bioflavonoids.

MATERIALS AND METHODS

The studies were conducted on the NBC, containing
turmeric root extract, 37.2% (curcumin content: not less
than 95%), black pepper extract, 0.2% (piperine content:
not less than 95%), soybean extract, 20% (isoflavones
content: not less than 40%), green tea leaf extract, 20%
(catechins content: not less than 40%), Hedysarum ex-
tract, 5% (content of catechins and saponins: not less
than 25%), licorice root extract, 2% (content of glycyrrhi-
zic acid: not less than 40%), sea buckthorn leaf extract,
15.6% [28].

Evaluation of bioflavonoids concentration in the
composition

The concentration of bioactive substances in the NBC
was measured in aqueous-organic extracts by high-
performance liquid chromatography on Millichrome F 02
chromatograph with ProntoSil 120-5-C18 AQ column us-
ing appropriate eluents; solutions of the respective sub-
stances of analytical grade were used as standards.

Measurement of curcumin concentration: distilled
water was acidified with phosphoric acid to pH 3.5; the
dry substance and methanol were added to a concentra-
tion of 50% and extracted at 25 °C with stirring for 2 h.
The samples were filtered through a glass filter and di-
luted with aqueous phosphoric acid at a ratio of 1:4, ana-
lyzed in an acetonitrile—aqueous phosphoric acid gradient.
The samples were then filtered through a glass filter and
diluted with aqueous phosphoric acid at a ratio of 1:4, an-
alyzed in an acetonitrile—aqueous phosphoric acid gradi-
ent at pH 3.5 with a methanol gradient of 10 to 90%, flow
rate of 100 pL/min, maximum pressure of 1.8 MPa, and
column temperature of 30 °C. Detection was performed
at a wavelength of 425 nm [29]. Piperine was extracted
using methanol at 25 °C with stirring for 4 h; the samples
were filtered through a glass filter, diluted with distilled
water at a ratio of 1:9 and analyzed in a methanol-wa-
ter gradient with a methanol gradient of 10 to 90%, flow
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rate of 100 pL/min, maximum pressure of 1.8 MPa, and
column temperature of 25 °C; detection was performed
at a wavelength of 343 nm [29]. Soybean isoflavonoids
were extracted using a water—methanol mixture at 25 °C
with stirring for 24 h; the samples were filtered through a
glass filter and analyzed in a methanol-water gradient with
a methanol gradient of 10 to 90%, flow rate of 100 pL/min,
maximum pressure of 1.8 MPa, and column temperature
of 25 °C; detection was performed at a wavelength of
256 nm [30]. Green tea epigallocatechin was extracted
using distilled water at 80 °C under reflux and stirring for
2 h; the samples were filtered through a glass filter and
analyzed in an acetonitrile—water gradient with an aceto-
nitrile gradient from 10 to 90%, flow rate 100 pL/min, ma-
ximum pressure 1.8 MPa, and column temperature 40 °C;
detection was performed at a wavelength of 235 nm [31].
Triterpene saponins were extracted from Hedysarum us-
ing distilled water acidified with phosphoric acid to pH 3.5;
the dry substance and chloroform were added and ul-
trasonicated for 30 minutes; the resulting solution was
cooled to 25 °C and filtered through a glass filter; the
precipitate was transferred to a ground joint flask; the
precipitate content was measured; methanol was added
and extracted at 80 °C under reflux with stirring for 2 h;
then the samples were filtered through a glass filter
and diluted with distilled water in a ratio of 1:9, ana-
lyzed in a methanol-aqueous phosphoric acid gradi-
ent at pH 3.5 with a methanol gradient of 10% to
90%, flow rate of 100 pL/min, maximum pressure
of 1.8 MPa, and column temperature of 30 °C; detec-
tion was performed at a wavelength of 210 nm [32].
The carotene content of sea buckthorn leaves was de-
termined using the Murry method with acetone extrac-
tion followed by chromatography on an aluminum oxide
column [31].

Experimental animals

The studies were performed on 10-month-old male
mice (CBA x C57BL/6)F1, received at the age of 3 months
from the nursery of the Research Laboratory of Ex-
perimental Medicine (Tomsk). The animals were kept in
laboratory vivarium conditions, in cages of 10 individu-
als each, on a standard diet, under natural light regime.
All manipulations were performed in the first half of
the day.

Taking into account the presence in the population of
(CBA x C57BLl/6)F1 mice of subjects with active and pas-
sive types of behavior that differ in the level of etha-
nol consumption [33, 34], the mice were pre-tested in
the open field test to form homogeneous experimental
groups of animals. Only subjects with an average level
of orienting and exploratory behavior (OEB) were included
in the study. The parameters of OEB were determined
in the open-field test, as we have previously described
[25, 33].
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Modeling of chronic alcohol intoxication

To create a model of chronic alcohol intoxication, the
method of forced intake was used: mice were forced to
consume 10% ethanol solution (Kemerovo Pharmaceutical
Factory, Russia) as the only source of liquid for 6 months.
The formation of ethanol dependence was assessed by a
single injection of naloxone (3 mg/kg, subcutaneously)
followed by visual registration of withdrawal syndrome
signs (convulsions, teeth grinding, wet dog shaking, pto-
sis, diarrhea). At the next stage, the chronically alcoho-
lized mice were divided into 3 groups: control group 1
(n = 30), where the mice continued to take 10% ethanol
solution for 30 days; control group 2 (n = 30), where the
mice were administered curcumin (Sigma-Aldrich, USA)
through a probe at a rate of 2 mg/mouse in 0.5 mL of
10% ethanol solution with continued free access to 10%
ethanol solution as the only source of fluid for 30 days,
and experimental group (n = 30), where the mice were
administered the NBC through a probe at the rate of
2 mg/mouse in 0.5 mL of 10% ethanol solution with con-
tinued free access to 10% ethanol solution as the only
source of fluid for 30 days. The fourth group (comparison
group) included intact mice of the respective age, which
were kept under similar conditions in the vivarium during
the entire experimental period, including the formation of
alcohol dependence and administration of the NBC. At the
end of this period, the severity of alcoholic motivation,
OEB parameters, concentration of cytokines in the brain
structures, and intensity of humoral and cellular immune
response were evaluated. At the end of experiments, the
animals were decapitated under ether anesthesia.

Study of alcoholic motivation

Alcoholic motivation of animals in control and exper-
imental groups was evaluated by consumption of 10%
ethanol solution in free choice with water. For this pur-
pose, two drinking bowls (with water and 10% ethanol
solution) were located in each cage to allow the mice
to consume fluids according to individual demand (two-
bottle oral test). Quantitative consumption of 10% ethanol
solution and water by mice in control and experimental
groups (mL/day x mouse) was recorded daily at 10 A.M.
for 10 days, starting from the first day after the end of
the NBC administration.

Study of cytokine content

The quantitative concentration of cytokines in the
brain structures was determined in the lysates of indi-
vidual structure samples (hippocampus, hypothalamus,
striatum, frontal cortex) by enzyme-linked immunosor-
bent assay (ELISA). The lysates of the brain structures
were obtained by homogenization of tissues in RPMI
1640 medium with 0.1% Triton X 100 (GERBU Biotechnik
GmbH, Germany), followed by centrifugation for 3 min
at 10,000 rpm. The supernatant was used for the study.
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The concentration of cytokines in the samples was evalu-
ated using eBioscience test systems (BenderMed Sys-
tems, Austria) for the measurement of IFN-y, IL-6 and
R&D Systems Inc. (USA) for the measurement of IL-1B,
IL-10, TNF-a according to the manufacturers; instruc-
tions. The optical density of the samples was measured
using an Anthos 2020 vertical light transmission spectro-
photometer (Anthos Labtec Instruments GmbH, Austria)
at a wavelength of 450 nm. The results were presented
as mass concentration (pg) per mg of tissue.

Immune response study

The intensity of humoral immune response was de-
termined based on the number of antibody-forming cells
(AFC) of the spleen by the modified Cunningham me-
thod on Day 5 after intraperitoneal immunization with a
T-dependent antigen (sheep red blood cells, SRBC) us-
ing the number of local hemolysis zones in semi-liquid
medium. For this purpose, the spleen was minced; the
cell suspension was filtered, and the final volume was di-
luted to 5 mL. Equal volumes of the cell suspension, 10%
SRBC suspension and complement solution were mixed
and poured into glass chambers, which were incubated
for 45 min at 37 °C. Then the number of local hemolysis
zones was counted under a binocular magnifying glass.
The number of hemolysis zones per chamber, the number
of nucleus-containing cells per 1 mL of cell suspension,
the volume of the filled chamber, and the cellularity of
the spleen were considered. The relative (per 106 nu-
cleus-containing cells in the spleen) number of AFC was
estimated. The intensity of cellular immune response was
evaluated by the level of delayed hypersensitivity (DHS)
reaction formed in response to the introduction of the
T-dependent antigen, SRBC. For this purpose, mice were
immunized by intraperitoneal injection of SRBC (0.5%
SRBC, 0.5 mL). A challenging dose of antigen (50% SRBC,
0.05 mL) was injected under the aponeurosis of the foot
of the hindlimb 96 h after immunization. The formation of
the DHS response was assessed 24 h after the challeng-
ing injection of the antigen, by the degree of changes in
the hindlimb thickness compared to the positive control
hindlimb of the same animal in which RPMI 1640 medium
was injected. The response index (RI) was determined for
each mouse using the formula RI = (R, - Rc,) / R, and
expressed as a percentage [35].

Statistica 10.0 commercial software package (Sat-
Soft, USA) was used for statistical analysis of the re-
sults. The results were presented as a median and an
interval between the 1st and 3rd quartile: Me [Q,; Qs].
The Mann-Whitney test was used to compare indepen-
dent samples when the number of groups was equal to 2.
The Kruskal-Wallis test was used to compare the values
when the number of groups was >2. The critical level of
significance for statistical hypothesis testing in the study
was p < 0.05.
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RESULTS AND DISCUSSION

In the study, the bioflavonoid concentration in the NBC
was determined to be as follows: curcumin, 13.6 + 0.3 mg/g;
piperine, 7.2 + 0.1 mg/g; soy isoflavonoids, 15.5 + 0.4 mg/g;
epigallocatechin 3-gallate, 72.7 + 0.8 mg/g; triterpene
saponins, 8.8 + 0.1 mg/g; B-carotene, 0.4 + 0.02 mg/g.

When evaluating the alcoholic motivation of chroni-
cally alcoholized animals after the course of NBC, a
lower average daily consumption of 10% ethanol by
animals in the experimental group was found compared
to the control group of chronically alcoholized mice:
4.9 [4.5; 5.1] mL/(day x mouse) in the control group and
1.9 [1.7; 2.2] mL/(day x mouse) in the experimental group,
p = 0.038, Mann-Whitney U test. Meanwhile, the water
consumption of mice under free-choice conditions after
the NBC administration was significantly higher at 3.2
[2.9; 3.5] mL/(day x mouse) compared to that in the con-
trol group, 0.4 [0.0; 0.4], p = 0.028, Mann-Whitney U test.

In the study of OEB in the open field test, a stimula-
tion of behavioral activity was found in animals injected
with the NBC, which was expressed as an increase in
the motor behavior indices (horizontal motor activity:
experimental group: 75.2 [73.1; 77.8] for peripheral ac-
tivity, 2.4 [2.1; 2.7] for central activity, 77.8 [75.0; 79.4]
for total activity; control group of chronically alcoholized
mice: 46.8 [45.1; 47.9] for peripheral activity, p = 0.017,
Mann-Whitney U test, 1.3 [1.2; 1.5] for central activity,
p = 0.024, Mann-Whitney U test, 48.9 [46.5; 49.7] for
total activity, p = 0.014, Mann-Whitney U test) and the
exploratory behavior component (vertical rearing: experi-
mental group, 0.0 [0.0; 0.1] for unsupported rearing, 4.5
[4.3; 4.7] for wall-supported rearing, 4.4 [4.3; 4.7] for to-
tal activity; control group of chronically alcoholized mice:
0.0 [0.0; 0.1] for unsupported rearing, p = 0.012, Mann-
Whitney U test, 2.3 [2.1; 2.4] for wall-supported rearing,
p = 0.026, Mann-Whitney U test, 2.3 [2.1; 2.4] for total
activity, p = 0.024, Mann-Whitney U test). Under the ef-
fect of curcumin, the motor activity indices changed (hor-
izontal: 64.3 [47.2; 67.8] for peripheral activity, p = 0.051,
Mann-Whitney U test, 2.1 [1.8; 2.3] for central activity,
p = 0.062, Mann-Whitney U test, 67.3 [45.9; 69.1] for to-
tal activity, p = 0.059, Mann-Whitney U test, compared to
the performance in the animals that were administered
the NBC); and the exploratory behavior component (verti-
cal rearing: 0.0 [0.0; 0.2] for unsupported rearing, p = 1.0,
Mann-Whitney U test, 4.0 [3.3; 4.5] for wall-supported
rearing, p = 0.069, Mann-Whitney U test, 4.4 [4.3; 4.7] for
total activity, p = 0.084, Mann-Whitney U test).

The neuroinflammation that is typical of chronic alco-
hol abuse is due to both the direct interaction of ethanol
with neuronal and immune cells in the brain and the in-
duction of inflammation in the periphery. It is known that
chronic ethanol exposure leads to increased production
of proinflammatory cytokines IL-18, IL-6, IL-12, TNF-a,
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IFN-y and neuroinflammation-induced increase in the
blood-brain barrier permeability [36].

When studying the effect of the NBC on the quantita-
tive concentration of some cytokines that are pathoge-
netically significant for chronic alcohol abuse in the brain
structures of chronically alcoholized mice, a decrease in
the levels of IL-1B, IL-6, IFN-y, TNF-a in the prefrontal
cortex, hypothalamus, hippocampus and striatum was
registered, along with an increase in the content of IL-10
in the hypothalamus and hippocampus (see Table 1).

According to the data summarized in Table 1, the
most pronounced changes in the concentration of pro-
inflammatory cytokines were found in the hippocampus.
Considering that ethanol consumption causes prolonged
activation of microglia mainly in the hippocampus, me-
diated by TLR [37], we can assume the influence of the
NBC on the activity of microglia, acting as a source of
neuroinflammatory signals, which is expressed in the re-
duced neuroinflammation. Studies in animal models have
shown that neuroinflammation contributes to the mainte-
nance of alcohol dependence [36, 38]. Pro-inflammatory
cytokines are also triggers of depression-like behavior
in alcoholism. This study revealed a reduction in the lev-
els of proinflammatory cytokines in the brain structures
pathogenetically relevant in alcohol abuse, indicating a
decrease in neuroinflammation, which may also be one
of the mechanisms of the above-demonstrated positive
effects of the NBC on alcoholic motivation and motor ac-
tivity in chronically alcoholized mice.

Recent studies show that dietary flavonoid intake ex-
erts neuroregulatory effects through a variety of direct
(local) and indirect (systemic) mechanisms, schemati-
cally presented in Fig. 2. Flavonoids can penetrate the
blood-brain barrier and cumulate in the central nervous
system, counteracting the accumulation of reactive oxy-
gen species, promoting neuron survival and proliferation
by inhibiting neuroinflammatory and oxidative stress re-
sponses. Moreover, the gut microbiota is also involved in
the regulation of brain function and behavior through the
production of bioactive metabolites. Flavonoids can form
the composition of the gut microbiota by acting as carbon
substrates, promoting the growth of probiotic flora that
produce neuroprotective metabolites. By influencing the
microbiota-gut-brain axis, flavonoids mediate effects on
brain function.

As already mentioned, the immune system plays a
significant role in the development and maintenance of
alcohol dependence. Therefore, there is a growing in-
terest in the development of methods of immunotherapy
of alcoholism. We investigated the effects of a course
of NBC on the main players of the immune response in
chronically alcoholized mice. The level of development
of the DHS response was found to be significantly re-
duced in the group of chronically alcoholized mice (cont-
rol group 1), which corresponds to the literature data on
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Table. Cytokine content in the brain structures of chronically alcoholized male mice (CBA x C57Bl/6)F1 after a course of intragastric admin-

istration of the novel bioflavonoid composition, Me [Q;; Q,]

Tabnuua. ConepaHue LMTOKMHOB B CTPYKTYpax rofloBHOTO MO3ra AMTENbHO alKoroinaupoBaHHbIX Mbilueii-camuos (CBAxCS57BL/6)F1

nocsie KypcoBOro BHYTPUIKENY04HOr0 BBEAEHUA MHHOBALIMOHHOI KoMno3uumm bruodnasoHonaos, Me [Q;; Q,]

Group of animals

Cytokine concentration, pg/mL of tissue

Prefrontal cortex

Hypothalamus

Hippocampus

Striatum

Control

Experimental

165.2 [151.8; 179.3]

82.3[77.1; 89.21*,
p=0.001

IL-1p
180.2 [172.1; 192.5]

183.0 [172.7; 193.1],
p=0.074

206.1 [196.0; 224.3]

205.5 [195.3; 215.6],
p=0.082

124.9 [114.7; 135.0]

83.6 [73.4; 93.71*,
p=10.001

Control (n = 30)

Experimental (n = 30)

230.9 [215.8; 266.1]

235.4[215.3; 255.7],
p =0.057

IL-6
172.0 [157.2; 179.1]

153.3 [144.0; 163.4],
p=0.055

308.2 [298.0; 319.4]

214.0 [193.8; 227.2]%,

p=0.001

325.9 [315.7; 346.0]

326.0 [315.9; 346.1],
p=023%

Control (n = 30)

Experimental (n = 30)

176.1 [132.9; 193.3]
173.6 [131.3; 181.9],

IL-10
128.7 [101.4; 152.5]

236.4 [226.2; 248.7],

352.6 [324.5; 373.4]

413.9 [404.5; 428.1]%,

249.5 [229.2; 259.8]
230.8 [223.3; 250.9],

p = 0.095 p = 0.001 p=0.002 p=0120
IFN-y
Control (n = 30) 49.3 [44.0; 56.9] 93.9 [81.2; 99.3] 105.1 [94.7; 124.2] 475 [36.9; 55.4]
| i 2.0 (27.7; 3417, 97.8 [83.4; 97.9], 64.5 [53.3 728", 54,9 [44.6; 63.3],
Experimental (n = 30) p=0.030 p = 1.000 p= 0030 p=0098
TNF-q

Control (n = 30)

Experimental (n = 30)

241.5[231.2; 252.8]

184.8 [171.6; 195.0,

p = 0.040

238.8 [218.5; 249.0]

230.1[219.8; 240.3],
p=020

247.1 [236.8; 257.4]

248.5 [228.2; 258.8],
p = 0.450

150.9 [142.4; 163.1]

153.0 [132.7; 165.1],
p=0.150

*Significant difference (p < 0.05) between the corresponding parameters in the samples from the control group (chronically alcoholized
mice) and the experimental group (chronically alcoholized mice that received the novel bioflavonoid composition).

*[locToBepHble pasnuyms (p < 0,05) Mexay COOTBETCTBYOLLMMM NOKa3aTeNiAMM B 00pa3LaX KOHTPOSbHO Fpynnbl (LJINTENIbHO anKkoroam-
31pOBaHHbIE MbILLW) U 3KCMIEPUMEHTANBHON MPYNNbI (B7UTENBHO aNKOr0M3MUPOBaHHBIE MbILLM, MOYYaBLUME MHHOBALMOHHYHD KOMMO3WLIMI

drodnasoHoMaoB).

immunosuppression induced by chronic ethanol exposure
[40]. After administration of the NBC, the level of DHS
in chronically alcoholized mice was close to that seen
in the intact group and exceeded this index in the group
of chronically alcoholized mice which was administered
only curcumin (control group 2; Fig. 3), suggesting that
the NBC stimulates the cellular immune response.

After administration of the NBC, a significant stimula-
tion of the humoral immune response was also observed,
assessed by the relative number of spleen AFCs, which,
as expected, was significantly reduced in control group 1
(chronically alcoholized mice). Moreover, the intensity
of humoral immune response under the influence of the
NBC also exceeded that under curcumin administration
(control group 2), which indicates the synergism of bio-
flavonoid effects in the NBC (Fig. 4).

The obtained results allow us to reasonably de-
clare the presence of immunostimulatory properties of
the NBC.
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Bioflavonoids with a wide range of biological activity
were included in the composition of the NBC used in the ex-
periments. Thus, turmeric, a product from the rhizomes of
the Curcuma longa L. plant belonging to the ginger family, is
considered to be one of the most active spices due to a high
content of hydrophobic polyphenols of the curcuminoid fam-
ily [41]. Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-
hepta-1,6-diene-3,5-dione) is considered one of the most
active components of this group of compounds [42, 43].
The ability of curcumin to interact with various proteins and
modulate signal transduction functions is associated with
its effects on many acute and chronic pathological process-
es. Studies have shown that curcumin modulates a variety
of molecules in the cellular signal transduction pathway in-
cluding PI3K, Akt, mTOR, ERK5, AP-1, TGF-B, Wnt, B-catenin,
Shh, PAK1, Rac1, STAT3, PPARy, EBPa, NLRP3 inflamma-
some, p38MAPK, Nrf2, Notch-1, AMPK, TLR4 and MyD-88.
Curcumin has also been shown to inhibit Th17 cell prolifer-
ation and reduce the production of inflammatory cytokines
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Fig. 2. The neuroregulatory effects of flavonoids (according to Wang H. et al. [39]). BBB, Blood-brain barrier; Nrf2, Nuclear erythroid
2-related factor 2; NF-kB, nuclear transcription factor kB; Trkb, Tropomyosin receptor kinase B; ROS, Reactive oxygen species;
ES cell, human embryonic stem cells; SCFAs, Short-chain fatty acids

Puc. 2. HelipoperynstopHoe feiicteue ¢nasoHomgos (mo: Wang H. u coast., 2023 [39]). Direct effect — npsmoe AeiicTBue;
Indirect effect — Henpsamoe peiicteue; BBB (Blood-brain barrier) — rematosHuedanuueckuii 6apbep; Nrf2 (Nuclear erythroid 2-re-
lated factor 2) — spepHbiit 3puTpouaHbIA dakTop 2; NF-kB (nuclear transcription factor KB) — szepHbIit haKTop TpaHCKpUnLum KB;
Trkb (Tropomyosin receptor kinase B) — TponoMno3uHoBbIN TMpo3uHKMHa3HBIN peuenTop; ROS (Reactive oxygen species) — aKTuBHble
dopMbl kucnopoaa; ES cell (human embryonic stem cells) — ambpuoHanbHble (cTBonoBbIe) KneTku YenoBeka; SCFAs (Short-chain
fatty acids) — KopoTKoLenoyeyHble upHble kucnoTbl; Microglia cells — knetku Mukpornuu; Neuron — HeiipoH; Percyte — nepu-
3HAoTeNManbHble Knetku; Lumen of blood vessal — npocBeT KpoBeHocHoro cocysa; Basement membrane — 6a3anbHas MeMbpaHa;
Astrocyte — actpoumT; Regulating intestinal Flora — perynupytowas dnopa kuwednuka; Neurotrophic factors — HelipoTpodHble
dakTopbl; Neurotransmitters — HelpoTPaHCMUTTEPbI

including IL-1B8, TNF-a, IL-22 and IL-17, which, in turn,
reduces the severity of systemic inflammation [43, 44].
The neuroprotective properties of curcumin are realized
through several mechanisms. Curcumin can neutralize
free radicals and enhance the activity of antioxidant en-
zymes (superoxide dismutase, SOD; catalase, CAT; gluta-
thione peroxidase, GPx), protecting neurons from oxidative
stress. Curcumin has an anti-inflammatory effect by inhibit-
ing inflammatory markers, such as TNF-a, IL-1p and IL-6,
thereby reducing the severity of inflammatory reaction in
the brain tissue [45]. In addition, this bioflavonoid inhibits
the activity of pro-inflammatory enzymes (COX 2 and iNOS),
resulting in decreased levels of prostaglandins and nitric
oxide, modulates the signaling pathways of NF-kB, a key
transcription factor, involved in the regulation of inflamma-
tory responses, along with Wnt5 (a member of the Wnt5A
family) and JNK1 (N-terminal c-Jun kinases), which are
crucial for neuronal activity, cell survival, inflammation,
and apoptosis [46].
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The efficacy of curcumin has been demonstrated in
neurodegenerative diseases [47-49], depression. Ac-
cording to numerous non-clinical studies, curcumin has
antidepressant effects in animal models, with effects re-
sembling those of antidepressants such as fluoxetine and
imipramine [50, 51]. Another antidepressant mechanism
of action of curcumin is related to the inhibition of nu-
clear factor transcriptional signaling pathways, reducing
neuroinflammation [52]. In addition, curcumin increases
brain-derived neurotrophic factor (BDNF) levels, which
are reduced in depression [53]. The results of a meta-
analysis on people with depression also showed that cur-
cumin reduces the severity of symptoms of depression
and anxiety [54], which opens the possibility of its use in
the treatment of depressive disorders.

Curcumin has also been found to be effective in al-
coholism. It is assumed that curcumin acts as a neuro-
protective agent in alcohol abuse due to activation of the
CREB-BDNF signaling pathway [6é]. In addition, in mice
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Fig. 3. The severity of a delayed-type hypersensitivity (DTH) response in chronically alcoholized mice (CBA x C57Bl/6)F1 after a course
of intragastric administration of the novel bioflavonoid composition. n = 30 in each group; #p = 0.002 between the values in intact
animals and in the control group 1 (alcoholized animals); *p = 0.061 between the values in the control group 1 (alcoholized animals)
and the control group 2 (alcoholized animals receiving curcumin); “p = 0.011 between the values in the control group 2 (alcoholi-
zed animals receiving curcumin) and the experimental group (alcoholized animals receiving the novel bioflavonoid composition);
**p = 0.054 between the parameters in the control group 2 (alcoholized animals) and the experimental group (alcoholized animals
receiving the novel bioflavonoid composition)

Puc. 3. BblpaXKeHHOCTb peaKuuu runepyyBCTBUTENBHOCTM 3aMeAneHHoro Tuna (M3T) y AnNUTeNbHO anKorosM3MpOBaHHBIX MblLei
(CBAxC57BL/6)F1 nocne KypcoBoro BHYTPUIKENYAOYHOrO BBEJEHUS WHHOBALMOHHOM KoMMosuuuu buodnasoHompos. n = 30 —
B Kaxgon rpynne; “p = 0,002 Mexay NoKasaTeNiAAMK y UHTAKTHBIX MWUBOTHBIX U B KOHTPOJIbHOW rpynmne 1 (anKoroinsupoBaHHble
MBOTHble); *p = 0,061 Mexay nokasaTensMu B KOHTPOSIbHOI rpynne 1 (anKoronnM3upoBaHHbIe JKUBOTHbIE) U KOHTPOJILHOM rpynne 2
(anKoronManpoBaHHble XWUBOTHbIE, MoNyyaBLume KypkyMuH); “p = 0,011 Mexay nokasaTtesiiMW B KOHTPOSIbHOM rpynne 2 (ankoro-
NM3UPOBAHHBIE XKMBOTHBIE, MOJYYaBLUME KYPKYMUH) U SKCMIEPUMEHTaNbHOM rpynne (anKoronu3nupoBaHHbIE XUBOTHbIE, MoJyYaBLIne
MHHOBALMOHHYIO KOMMo3uuuio duodnasoHonaos); **p = 0,054 MexAay nokasaTensiMu B KOHTPOJIbHOW rpynne 2 (ankoronusupo-
BaHHbIE JMBOTHbIE) U 3KCMEPUMEHTASIbHOI rpynne (afIKoroaM3MpOBaHHbIE XUBOTHBIE, MOMyYaBLUME UHHOBALMOHHYIO KOMMO3ULMIO
buodnasoHonaoB)
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Fig. 4. Splenic antibody-forming cells (SAFC) count in alcoholized mice (CBA x C57Bl/6)F1 after a course of intragastric administra-
tion of the novel bioflavonoid composition. n = 30 in each group; #p = 0.003 between the values in intact animals and in the control
group 1 (alcoholized animals); *p = 0.041 between the values in the control group 1 (alcoholized animals) and the control group 2
(alcoholized animals receiving curcumin); p = 0.047 between the values in the control group 2 (alcoholized animals receiving
curcumin) and the experimental group (alcoholized animals receiving the novel bioflavonoid composition); **p = 0.0006 between
the parameters in the control group 1 (alcoholized animals) and the experimental group (alcoholized animals receiving the novel
bioflavonoid composition)

Puc. 4. Konnyectso aHTMTeNnoobpasyrowmx knetok ceneseHky (AOK) ankoronusuposaHHbix Melweid (CBAxC57BL/6)F1 nocne Kypcooro
BHYTPVKESTY[I04YHOT0 BBEAIEHUS MHHOBALMOHHOM KOMMO3uuUmMM 6rodnasoHonaos. n = 30 — B Kawpon rpynne; #p = 0,003 mMexay no-
Ka3aTeNsIMK Y MHTaKTHBIX KMBOTHBIX M B KOHTPOJIbHOM rpynne 1 (anKkoronnsupoBaHHble XuBoTHbIE); *p = 0,041 Mexay nokasatensmu
B KOHTpoJIbHOM rpynne 1 (afkoronuanpoBaHHble XUBOTHbIE) M KOHTPOSbHOM rpynne 2 (anKoronu3upoBaHHbIE XKUBOTHBIE, MOMyYaBLLIMe
KYpKyMuH); “p = 0,047 Mexay nokasaTensiMu B KOHTPOMbHOW rpynne 2 (anKkoronusvpoBaHHbIE XMUBOTHbIE, MOJyYaBLUME KYPKYMUH)
W 3KCMEpPUMEHTaNbHOM rpynne (anKoronM3upoBaHHbIE KMBOTHbIE, MONYYaBLUME WHHOBALMOHHYI0O KOMMO3ULMI0 BrodnaBoHOMAOB);
**p = 0,0006 Mexay nokasaTensiM1 B KOHTPOSIbHOM rpynne 1 (aNKoroaM3npoBaHHbIE XUBOTHbIE) U SKCMIEPUMEHTANbHON rpynne (anKo-
rO/IN3NPOBaHHbIE XKMUBOTHbIE, MOJTyYaBLUIME MHHOBALMOHHYI0 KOMMNO3uLMio brodnaBoHona0B)
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with ethanol-induced tissue damage, oral administration
of curcumin reduced the severity of oxidative stress and
protected the gastric mucosa [55]. As mentioned above,
we have also previously shown the effects of curcumin
on behavioral and immunological parameters in experi-
mental alcoholism.

Among the methods aimed at increasing the bioavail-
ability of curcumin, the combination of curcumin with pip-
erine was demonstrated to be effective [43]. As shown in
this study, in addition to curcumin, the NBC also contains
piperine, which increases curcumin bioavailability by in-
hibiting its glucuronidation and increasing its transport
into plasma; piperine also has antioxidant, antitoxic, and
anticarcinogenic properties [24, 43]. Soy isoflavonoids,
which are present in the NBC. are characterized by high
antioxidant activity and anti-inflammatory properties (de-
creased IL-18 levels) [24, 56]. Epigallocatechin 3-gallate,
a green tea flavonoid, can neutralize the damaging ef-
fect of high concentrations of cytokines that occur dur-
ing inflammation, and in the presence of IL-1 it inhibits
MAPKs, degradation of IRAK-1 and reduces the activity
of NF-kB, p38 and JNK effectors, which play a key role
in the transcription of inflammatory response genes in
cells [57]. Saponins, complex organic compounds of plant
glycosides with surfactant properties, are present in the
rhizomes of Hedysarum. The chemical properties of sa-
ponins are due to the aglycon structure, the presence of
distinct functional groups and glycosidic linkage. Sapo-
nins from various plants also increase the bioavailability
of curcumin while possessing neurotrophic, hypotensive,
hypocholesterolemic, diuretic, adaptogenic and sedative
properties [58]. B-Carotene is the most abundant carot-
enoid of the terpenoid group, it is a potent antioxidant,
which also has immunostimulatory and adaptogenic
properties [59].

Thus, the study demonstrated that combination of
curcumin with the mentioned bioflavonoids in the NBC
in pharmacologically significant concentrations leads to
synergism of their effects, leading to a significant re-
duction in the severity of neuro- and immunotoxic ef-
fects of chronic ethanol consumption, which allows us
to consider the potential of using this composition as an
immunomodulatory and neurotropic agent in the complex
therapy of chronic alcoholism.

CONCLUSIONS

1. The novel bioflavonoid composition analyzed in this
study contains a complex of biologically active compo-
nents, including curcumin, piperine, soy isoflavonoids,
epigallocatechin 3-gallate, triterpene saponins, and
B-carotene in pharmacologically significant amounts.

2. Administration of this composition along with
chronic ethanol use has a positive effect aimed at re-
ducing the severity of changes in the functional activity
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of the nervous system caused by chronic toxic influence
(reduction in alcoholic motivation, stimulation of orienta-
tion and research behavior, modulation of the level of
pro-inflammatory cytokines in the central nervous sys-
tem, indicating a decrease in neuroinflammation) and the
immune system (stimulation of humoral and cellular im-
mune response).
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