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Brain-derived neurotrophic factor as a target for the search
of anti-addiction drugs

M.S. Khalimanov, E.M. Grigorevskikh, K.A. Zavadich, Sologov S.I., D.A. Traschenkova,

K.A. Tatzhikova, E.V. Polikarpov, S.S. Sologova, D.A. Kudlay, E.A. Smolyarchuk

Sechenov First Moscow State Medical University (Sechenov University),
2, Trubetskaya Str., Bldg 8, Moscow, Russia, 119991

E-mail: sologova_s_s@staff.sechenov.ru
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The relationship between the influence of the brain-derived neurotrophic factor (BDNF) on the development of alcoholism
and possible ways of using this molecule or related compounds (mimetics) as targets of anti-addictive action are discusses
in the article.

The aim of the work was to carry out a literature review to identify potential applications of the BDNF signaling pathways to
assess the feasibility of developing new drugs.

Materials and Methods. The following abstract databases were used to search for the information materials: PubMed,
EMBASE, ResearchGate, elibrary.ru. The key queries for the search included the following ones: ‘BDNF’, “BDNF TrkB”, “BDNF
LNGFR”, “alcoholism therapy”, “anti-addiction drugs”, “signaling pathways”, “alcoholism”, “ethanol”, “poisoning”. The depth
of the search was 40 years (1985-2025). The total number of the sources included in the review is 116.

Results. This study analyzed the molecular mechanisms of the action of BDNF, including its biosynthesis, structural forms (BDNF
and pro-BDNF), and functions and features of TrkB and LNGFR receptors. These receptors play a key role in the regulation of
the neuronal plasticity, a neuronal survival and apoptotic processes. The performed review of the scientific literature made it
possible to establish that at least 9 chemical compounds with a potential anti-addictive activity that affect the receptors and
signaling cascades associated with BDNF, have been identified as of 2025. Based on the data obtained, a hypothesis about the
prospective use of BDNF and its signaling pathways as potential targets for developing new pharmacological agents aimed at
the treatment of alcohol dependence, have been formulated. The established facts can significantly expand the therapeutic
opportunities in the fight against the alcoholic dependence and associated neurotoxic conditions.

Conclusion. At least 9 compounds with a potential anti-addictive activity associated with a mimetic effect on the receptors
and signaling pathways of the BDNF molecule have been analyzed and found to exist as of 2025.

Keywords: brain-derived neurotrophic factor; BDNF; anti-addiction drugs; addiction syndrome; TrkB receptors; LNGFR
receptor

Abbreviations: BDNF — brain-derived neurotrophic factor; LNGFR (p75NTR, NGF) — low-affinity nerve growth factor receptor;
TrkB — tropomyosin-related kinase receptor B; NTRK2 — neurotrophic receptor tyrosine kinase 2; PCs (1/2/3) — proprotein
convertase (1/2/3); MMPs — matrix metalloproteinases; SHC — Src homology 2 domain-containing)-transforming protein 2;
MAPK / ERK — mitogen-activated protein kinase / extracellular signal-regulated kinase; PI3K / AKT — phosphoinositide
3-kinases / serine-threonine-protein kinase; DAG / PKC — diacylglycerol / protein kinase C; IP3 — inositol-trisphosphate
3-kinase; PLC y — phospholipase C (gamma); SP — signal peptide; LRRNT — leucine-rich N-terminal repeats; LRR — leucine-
rich repeats; LRRCT — leucine-rich C-terminal repeats; IGC2-1 and IGC2-2 — immunoglobulin-like domains; CREB — cAMP
response element-binding protein; TTIP — truncated TrkB-interacting protein; TACE/ADAM17 — tumor necrosis factor-a
converting enzyme; CRD — carbohydrate recognition domain; NT — neurotrophin; NRAGE — neurotrophin-receptor-
interacting melanoma antigen-encoding gene homolog; NRIF — neurotrophin receptor interacting factor; aPC — activated
Protein C; NFkB — nuclear factor kappa-light-chain-enhancer of activated B cells; TRAF — TNF receptor-associated
factor; RIPK2 — receptor-interacting serine / threonine-protein kinase 2; RhoA — Ras Homolog Family Member A; FAP-1 —
Fas-Associated Phosphatase-1; GABA — y-aminobutyric acid; PTSD — posttraumatic stress disorder; ADH — antidiuretic
hormone.

Ana uutnposaHua: M.C. Xaammaros, E.M. puropesckux, K.A. 3asaguy, C.1. Conoros, [.A. TpaweHKkoBa, K.A. Tamxukosa, E.B. Moankapnos,
C.C. Conorosa, [A.A. Kygnait, E.A. Cmonapyyk. Mo3rosoi HelipoTpoduyeckunii GakTop Kak MULLEHb A/1A NOWCKa NpenapaTos, NPOABAAIOLMX
aHTMaAaMKTMBHbIE 3ddeKTbl. Dapmayus u papmakonoaus. 2025;13(1):4-19. DOI: 10.19163/2307-9266-2025-13-1-4-19
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E.B. Monukapnos, C.C. Conozoea, [].A. Kydnaii, E.A. Cmonsapuyk, 2025
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M.C. XanumaHos, E.M. Ipuropesckux, K.A. 3aBaguu, C.U. Conoros, [.A. TpalwieHKOBa,
K.A. TaTXKuKoBa, E.B. Monukapnos, C.C. ConoroBa, [.A. Kyanaii, E.A. CmonapuyK
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(CeueHoBCKUiM YHMBEPCUTET),
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MonyyeHa 03.01.2025 MNocne peueHsmpoBaHus 28.02.2025 MpuHAaTa K neyatn 06.03.2025

B [aHHOW cTaTbe paccMaTpyBalOTCA BOMPOCHbI BAWAHMSA MO3rOBOro HeipoTpoduyeckoro daktopa (BDNF) Ha passutue
a/IKoronnsma. PaccmaTpuBatoTCs BO3MOXKHbIE MYTU MCMNONb30BaHUA 3TO MOAEKY/bl UAN POACTBEHHBIX C HEN COeaUHEHU
(MMMETMKOB) B KayecTBe MULLIEHEN AN1A aHTUAALAUKTUBHOIO AeNCTBUA.

Lienb. MpoBectn aHanu3 AUTEPATYPHbIX UCTOYHUKOB C LieNblO BbIABNEHUA MOTEHLMANbHbIX BO3MOXKHOCTEN NPUMEHEHUA
curHanbHbix nyteli BDNF B cdepe pa3paboTKM HOBbIX JIeKapCTBEHHbIX MPenapaTos.

Marepuanbi U meTtoapbl. 115 NoMcKka MHPOPMaLMOHHbIX MaTEPUANIOB MCNONb30BaNN pedepaTuBHble 6asbl AaHHbIX: PubMed,
EMBASE, ResearchGate, elibrary.ru. KntoueBbie 3anpocbl ans NoMCKa BKAOYAAM B cebs cnegytolime CNoBa U CIOBOCOYETAHUSA:
«BDNF», «BDNF TrkB», «BDNF LNGFR», «Tepanus asKoronmsma», «aHTMaLAMKTUBHbIE NPenapaTbl», «CUTHaNbHbIE MyTUY,
«aNIKOro/IM3mM», K3TAHOM», «OTpaBneHue». [NybuHa noncka — 40 net (1985-2025 rr.). ObLiee YNCNO UCTOYHUKOB, KOTOPbIE
Bow/in B 0630p — 116.

Pe3synbratbl. B gaHHOM uccnefoBaHWM NPOBEAEH aHANU3 MOMEKYNAPHbIX MexaHu3moB aeilcteua BDNF, BKawo4as ero
6uocuHTes, cTpyKkTypHble dopmbl (BDNF 1 npo-BDNF), a Takke dyHKUMM U ocobeHHOocTU peuentopoB TrkB u LNGFR.
3TN peuLenTopbl UrPaOT K/KYEBYD POJb B PerynsiumMm HeMpoHaNbHOM NIACTUYHOCTM, BbIXKMBAEMOCTU HEMPOHOB W
aNnoNTOTUYECKMX MPOLECCOB. BbINONHEHHbIM 0630p Hay4YHOM NUTepaTypbl MO3BOAWUA YCTAHOBWUTL, YTO MO COCTOAHMIO Ha
2025 rog, naeHTUPULMPOBAHO HE MeHee 9 XMMMUYECKMX COeAUHEHUIM C NOTEHLUANbHOM aHTUAAOUKTUBHOM aKTUBHOCTbIO,
KOTOpble BO3AENCTBYIOT Ha PeLLenTopbl U CUrHANbHbIe KacKaabl, cBAdaHHble ¢ BDNF. Ha ocHOBaHMM MONyYeHHbIX AaHHbIX
chopmynmpoBaHa rmnoTesa o NepcneKkTMBax ucnonb3osaHMa BDNF 1 ero curHaibHbIX NyTel B KayecTBe NOTEHLMANbHbIX
MUWLLEHEW ONA pPa3paboTKM HOBbIX GapPMaKONOrMYECKUX areHTOB, HAaNPaBNEHHbIX Ha JIEYEHME A/IKOTO/IbHOW 3aBUCMMOCTM.
YcTaHoB/NEeHHble GaKTbl MOTYT CyLLECTBEHHO PacWMpPUTb TeparneBTUYECKMe BO3MOMXKHOCTM B Bopbbe ¢ ankoronvsmom u
ACCOLMMPOBAHHBIMU HENPOTOKCUUYECKMMU COCTOAHUAMM.

3akntoueHme. bbis1o NpoaHan3npoBaHO U BbisiBIEHO, YTO Ha 2025 rog cyllecTByeT He MeHee 9 BeLLecTB C NOTEHLMANbHOM
AHTUALAVKTUBHOW aKTUBHOCTbBIO, CBA3AHHOM C MMMETUYECKUM AEWCTBUEM Ha PeLenTopbl U CUTHA/NbHbIE MYTU MOJEKY/bI
BDNF.

KntoueBble cnioBa: Mo3roBon HelpoTpodpuyeckuin paktop; BDNF; aHTUaLAUKTUBHbIE NIEKAPCTBEHHbIE CPEACTBA; CUHAPOM
3aBucumoctu; TrkB peuentopsbl; LNGFR peuenTtop

Cnucok cokpaweHuit: BDNF — HeipoTpodpuyecknin daktop mosra; LNGFR (p75NTR, NGF) — peuentop ¢akTtopa pocTa
Hepsos; TrkB — peuentop cemerictBa TPONOMMO3UH-KMHa3 B; NTRK2 — HelipoTpoduyeckuii peuentop TMPO3UHKMUHA3bI 2;
PCs (1/2/3) — nponpotenHoBas KoHBepTasa (1/2/3); MMPs — maTpuKcHble MeTannonpotemHasbl; SHC — aomen,
rOMOJIOTMYHBIN BTOPOMY ZAomeHy 6esika Src; MAPK / ERK — mMuWTOreH-akTMBMpyemas MpOTEMHKMHA3a / KMHa3a, peryavpyemas
BHEKNETOYHbIMK curHanamm; PI3K / AKT — docdonHosntna-3-knHasa / cepuH-TpeoHMHoBas KuHasa; DAG / PKC —
AvaumnramuepuH / npotenHkmHasa C; IP3 — uHosuton-tpucdocdat-3-kmHasa; PLC y — odocdonmnasa C (ramma);
SP — curHanbHbii nentua; LRRNT — N-KoHueBble nosTopbl, 6oratble neviumHom; LRRR — 6oraTble IeMumMHOM NoBTOPbI;
LRRCT — C-KoHUeBble NoBTopbl, 6oraTble nerumHom; IGC2-1 n IGC2-2 — nmmyHornobynnHonogobHble gomeHbl; CREB —
6enokK, ceasbiBaloWmMi LAM®-yyBcTBUTENbHBIE 371eMeHTbl; TTIP — yKOpoYeHHbI 6enok, B3aumopgencTeytowmin ¢ TrkB;
TACE / ADAM17 — daKTOp HEKPO3a ONYX0NN-KOHBEPTUpPYoLWMI depmeHT; CRD — fomeH pacno3HaBaHus yraesoaos; NT —
HenpoTpoduH; NRAGE — romosior reHa, KOAMPYHOLLEro aHTUreH MelaHOMbl, B3aMMOAENCTBYOWMNI C HEMPOTPODUHOBLIM
peuentopom; NRIF — ¢dakTop, B3aMMOLENCTBYOLMNI C peLenTopom HelnpoTpoduHa; aPC — aKTMBUMPOBAHHLIN NpoTenH C;
NFKB — agepHbIi GaKTOp Kanna-nerkomn Lenu-ycuamTenb akTMBMPOBaHHbIX B-kneTok; TRAF — ¢aKTop, accoummnpoBaHHbIn
¢ peuentopom TNF; RIPK2 — peuentop cepuH / TpEOHUH-MPOTEMHKMHA3bl 2; RhoA — uneH cemeiictBa romonoros Ras A;
FAP-1 — Fas-accoummpoBaHHasa ¢ocdatasa-1; TAMK — y-amuHOmMacnaHas Kucnota; MTCP — nocTTpaBmatuyeckoe
CTpeccoBoe paccTponcTBo; AL — aHTUAMYPETUYECKUIA TOPMOH.

INTRODUCTION has decreased by 4.5% from 2010 to 2019. At the same
According to the WHO Global Report 2019, the time, the highest consumption rates were observed in
global trend in the total per capita alcohol consumption  the WHO European Region (9.2 L/yr).
' WHO. Global status report on alcohol and health and treatment of The problem of chronic alcoholism therapy is

substance use disorders. Available from: https://iris.who.int/bitstream/ eXtremely important in the modern world. Against the
handle/10665/377960/9789240096745-eng.pdf?sequence=1 background of alcoholism, exacerbations of diseases
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associated with the toxic effect of ethanol on the heart,
liver, kidneys, lungs, and circulatory nervous system
often occur. The nervous system is most susceptible to
the toxic effects of ethanol [1].

Ethanol and its metabolites have toxic effects on
the brain through several major pathways straight
away: a dysregulation of the GABAergic system of the
brain [1-3]; a disruption of calcium signaling [4]; ageneral
toxic effect of acetaldehyde, the main metabolite of
ethanol [5]; a disruption of the glutamatergic system of
the brain [6]; and a formation of neurotoxic conjugates
with monoamine neurotransmitters [7-9].

The latter toxic pathway is poorly understood;
however, according to some data, these conjugates
contribute to the formation of reactive oxygen species
and an oxidative stress [10]. In addition, ethanol disrupts
neurotropic factors (in particular BNDF). Since this
proteinis essential not only forthe nerve cell proliferation
and nerve tissue regeneration, but also for the protection
of neurons from adverse effects and maintenance
of their viability under normal conditions [11]. This
signaling system and its alterations in alcoholism are
of great interest for the study of new neuroprotective
therapeutic and the development of
neuroprotective drugs that may be useful not only in
alcoholism, but also in other toxic lesions of the nervous
system that affect neurotrophin signaling.

strategies

THE AIM of the work was to carry out a literature
review to identify functions of the BDNF and its
relationship to the course of alcoholism; it was also the
search for potential new targets for an anti-addictive
action related to the TrkB receptors affected by BDNF.

MATERIALS AND METHODS

Materials for this literature review were searched
and systematized in the following abstract Russian and
foreign databases: PubMed, Google Academic, EMBASE,
ResearchGate scientific information network and a
scientific electronic library (elibrary.ru). The key queries
for the search included the following ones: “BDNF”,
“BDNF TrkB”, “BDNF LNGFR”, “alcohol therapy”, “anti-
addiction drugs”, “signaling pathways”, “alcoholism”,
“ethanol”, and “poisoning”. The depth of the search
was 40 years, as it was from 1985 that the brain-derived
neurotrophic factor was first described in publications
as a separate protein molecule (publications in most
abstract databases from 1985 to 2025). Conducting the
publication search, analyzing the sources and correlating
with the given target requirements took about 8 months
(from January to August 2024).

About 29 899 publications were found by the main

keywords: “BDNF” and its receptors. In this process, some
articles were excluded due to the nosology mismatch
(after specifying the query for “alcoholism”, most studies
were on different types of depression (n=2 700), effect
on the pain response (n=1900)), predominance of the
description of physiological effects of the neurotrophic
factor (n=5900), as well as closed access articles. In this
literature review, the total number of papers containing
the studies of new substances potentially influencing
the reduction of the alcohol consumption by the effect
on BDNF, was 31. The remaining 85 sources were used to
discuss the action of BDNF on its specific receptors and
the relationship to the alcohol dependence.

RESULTS AND DISCUSSION

Structure and functions of endogenous

BDNF molecule and realization of its effects

The brain-derived neurotropic factor (BNDF) is a
hormone of the protein nature discovered in 1982 [12].

It is mainly involved in the development of the
nervous system and the process of synaptogenesis. At the
molecular level, its functions are to block the triggering
of apoptosis through the JAK2-dependent pathway. The
BDNF gene is located on a small arm of chromosome
11 (11p14.1). The production of this protein occurs in
several stages [13—-15].

The initial product of the gene is pre-proBDNF,
from which the signal peptide is cleaved by proteases.
The product of this reaction is pro-BDNF, which
further undergoes hydrolysis from the N-terminus,
decomposing into the final product — BDNF proper
and pro-BDNF-peptide [12, 16-19]. The studies have
shown that each of the products of the BDNF gene
has its own functions and the role in the regulation of
the neuronal activity and its vital activity. For example,
pro-BDNF-peptide has been found
terminals and it has been suggested that it may be

in presynaptic

released by the mechanisms similar to those of classical
low molecular weight neurotransmitters [14, 20] and
can bind to the receptors for both neurotrophins [15,
21-24] and low molecular weight neurotransmitters [16,
25, 26]. As for the difference between the function and
biosynthesis of BDNF and pro-BDNF, the studies have
shown a relationship between the neuron activity and
the ratio of these two forms — in the active neurons
generating more frequent action potentials, proteolysis
of pro-BDNF proceeds more rapidly [17, 27-29] due
to the increased activity of intracellular convertases
PC1, PC5, PACE4, PC7. The extracellular convertases
responsible for the conversion of pro-BDNF into BDNF —
MMP3, MMP7, MMP9, have also been described. This
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multifactorial regulation of the pro-BDNF / BDNF ratio
has been found out to be essential for the synaptic
plasticity in the hippocampus and the formation of a
long-term potentiation [18] and the development of
neuromuscular junctions [19, 30-32].

The main targets of the BDNF molecular action are
TrkB (Fig. 1) and LNGFR receptors (Fig. 2).

TkrB (tropomyosin-related kinase receptor B) is
a brain factor receptor with an autophosphorylation
ability. It is encoded by the NTRK2 gene located
on the long arm of chromosome 9 (9g21.33).
Five different mRNAs have been found to be the
product of this gene (NCBI database numbers are:
NM_006180.3; NM_001007097.1; NM_001018064.1;
NM_001018065.1; NM_001018066.1 — variants A, B, C,
D, E, respectively [32]).

Transcripts A and C give a full version of the protein
upon translation (the so-called TK+ isoform), all others
give a shortened version (TK-). These forms differ both in
their domain composition and in their functions [33, 34].

Mechanism of BDNF action on TrkB

The receptor dimerization is necessary to activate
the mechanism of action of BDNF on TrkB. After binding
to BDNF, the following mechanisms are triggered:
mediated by the adaptor protein SHC — the activation of
Erk / MAPK and PI3K / Akt signaling pathways triggering
the transcription factor CREB; mediated by a PLC y
increase of the DAG level and a subsequent activation of
PKC, an increase of the IP3 level resulting in a subsequent
increase of the calcium ion level and, as in the case of
other signaling pathways, the activation of CREB.

The extracellular part of both TK+ and TK- isoforms
(Fig. 3) is BDNF-binding and consists of the following
domains: SP, LRRNT, LRR, LRRCT, IGC2-1 and IGC2-2. TK+
forms have also got specific intracellular parts: the SHC1
binding domain, TyrKc, a tyrosine protein kinase domain
involved in the phosphorylation process, and the PLCy
binding domain. In TK- forms, the TTIP (truncated TrkB-
interacting protein) and Rho GDI1 binding domains
are located on the intracellular part (combined into
a separate (TK-)-specific exon). In both isoforms, the
region between LRRCT and immunogloblin-like domains
is responsible for the actual interaction with BDNF.

Other TrkB isoforms resulting from alternative
splicing and gene rearrangements have also been
described in the scientific literature, but their functions
and clinical significance are poorly understood [35, 36].

To bind to BDNF, TrkB must switch to a dimerizated
state. At present, the functions of TK+ / TK+ and TK- / TK-
homodimers have been described and elucidated [37];
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the functions of TK+ / TK- heterodimers are not yet fully
clear, but their presence has already been confirmed,
as well as the possibility for TK+ and TK- to form
heterodimers with other receptors (transactivation),
e.g., with the angiotensin receptor AGTR2 [38], TrkC [39]
and TrkA [40] (see Fig. 3).

The TK+ homodimer is mainly involved in the
processes of synaptic plasticity (the
PLC-binding domain is responsible for this), the
differentiation (a Ras-dependent pathway) and a cell
survival (a Akt-dependent pathway). Some publications
have mentioned the possibility that both homodimers
are mutually regulating at the level of intracellular
processes [41].

The functions of the TK- homodimer are less studied,
but its influence on the regulation of the calcium ion
entry into the cell is assumed. In addition, the studies
suggest a role of this receptor in the phenomenon
of an excitotoxicity — death or a severe damage to
neurons from the calcium homeostasis disruption [42].
The influence of this receptor form on the synapto-
and morphogenesis of nerve cells has also been
found [43]: abnormalities of the hippocampal and
amygdala development were detected in TK-deficient

intracellular

mice, and this was reflected in the behavioural
phenotype in the form of the increased excitability and
anxiety.

Several clinically relevant mutations have been
described for this receptor gene, such as a number

of single nucleotide polymorphisms (rs1867283,
rs10868235, rs1147198, rs11140800, rs1187286,
rs2289656, rs1624327, rs1443445, rs3780645,
and rs2378672) associated with temporal lobe

epilepsy [44] and depressive disorders [45], the
rs2289656 polymorphism was also found to be
associated with suicidal behavior [46]. Mutant variants
of the TrkB receptor were also found in genotyping of
lung [47], breast and intestinal tumors [48].

LNGFR

This nerve growth factor receptor has its specific
functions, which are to restrict the nerve cell growth and
migration [49] by interacting with the signaling proteins
NRAGE [50], SC-1 (Schwann cell factor 1) [51], NADE [52]
and NRIF [53] (see Fig. 2).

The extracellular part of both TK+ and TK- isoforms
is BDNF-binding and consists of the following domains:
SP, LRRNT, LRR, LRRCT, IGC2-1 and IGC2-2. TK+ forms
also have specific intracellular parts: the SHC1 binding
domain, TyrKc, and the PLCy binding domain. In TK forms,
the TTIP and Rho GDI1 binding domains are located on
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the intracellular part (combined into a separate (TK-)-
specific exon). In both isoforms, the region between
LRRCT and immunogloblin-like domains is responsible
for the interaction with BDNF.

It consists of an extracellular part, which contains
4 cysteine-rich domains (CRDs) and a TACE / ADAM17
protease binding site, and an intracellular part, which
contains a y-secretase binding site, and death and
Chopper domains (binds to proteins responsible for
triggering apoptosis (NADE and NRIF) [54, 55].

However, when dimerized with TrkA [56], caused
by the activation of the ephrin-B receptor and a
subsequent phosphorylation of the adaptor proteins
Kidins220 / ARMS [57], it, on the contrary, stimulates
the migration of progenitor cells at the stage of a
nervous system development [58]. P75NTR is also
able to dimerize with TrkB. This process also occurs
with the help of Kidins220, and leads to the formation
of a dimeric receptor with an increased sensitivity to
BDNF [59]. It is also possible to form a
sortilin / TrkB / p75NTR complex, which has increased its
sensitivity to pro-BDNF [60].

This receptor gene is located on the large arm of
chromosome 17 (17921.33) and several mutations
have been described for it.
non-functional p75, an impaired axon formation was
found, expressed in their excessive growth and reduced
branching [61]. It is interesting, that this effect was most
strongly expressed in the gustatory cortex of mice: the

In animal models with

loss of taste papillae was observed in the experimental
animals. In the studies on mice, the role of p75NTR
mutations in the development of deafness was also
established [62]. The sortilin mutations because of
which it could not dimerize with p75NTR, were also
described, resulting in an increase in the main, pro-
apoptotic function of the latter - clinically it is expressed
in the presence of the essential tremor [63].

Alcoholism and BDNF

The relationship of the of BDNF influence on
the development of the alcohol dependence will be
considered.

The study conducted by D. Silva-Pefia et al. [64]
showed a direct link between an alcohol consumption,
cognitive deficits and reduced BDNF levels. In this
experiment, the alcohol dependence was modeled in
experimental animals for several weeks - periods of
an uncontrolled access to alcohol were interspersed
with taking away and returning alcohol drinks, i.e.
the withdrawal component of dependence was also
modeled. In addition, as part of their publication, Daniel

8

Silva-Pefa et al. also performed both a serum analysis
and a statistical data collection from the alcoholic
patients. Using ELISA, the levels of BDNF, NT-3, IGF-1 and
IGF-2 in the serum of mice and humans were measured
and their correlation with the level of cognitive and
mnestic deficits (measured by FAB and MFE tests)
was calculated. In the control group of patients, BDNF
was at the level of 0.75-0.83 ng/mL, in patients with
alcoholism (without a pronounced cognitive or mnestic
deficit) —0.45-0.55 ng/mL, in patients with alcoholism
aggravated by at least one of the forms of cognitive or
mnestic deficit — 0.3-0.4 ng/mL. In the humans, the
difference in NT-3 and IGF-2 levels was present but
less pronounced. In the mice, however, the difference
between the levels of BDNF and NT-3 in the blood
of the control and experimental groups was much
more pronounced — 650-700 mg/mL in the control
group and 250-300 mg/mL in the experimental group
for BDNF; 0.22-0.27 ng/mL in the control group and
0.05-0.07 ng/mL in the experimental group for NT-3. In
addition, the relative mRNA levels of BDNF, NT-3, TrkB,
TrkC and p75NTR in the hippocampus were measured in
the mice; a decrease in the expression of BDNF and NT-3
was found in the experimental group compared to the
controlgroup, the levels of TrkBand TrkC remained almost
unchanged, and the mRNA level of p75NTR increased
more than one and a half times in the experimental
group compared to the control. All the above data give
a picture of the inhibition of neurogenesis and the work
of natural neuroregenerative mechanisms [65] during
the alcohol consumption (a decrease in BDNF and NT-3),
and an increase in the number of apoptosis events (an
increase in p75NTR [66]).

Another work contains data on the study of changes
in the relative mRNA levels of individual exons of the
BDNF gene, and a group of researchers studied not only
the effect of ethanol per se, but that of the promising
phytoestrogen resveratrol on the expression of this
gene [67]. As a result, it was found out that the amount
of mRNA belonging to the 9th exon of the BDNF gene
decreased most of all (starting from the minimum
dose of 0.25 g/kg of the animal body weight). Exon
9 of the BDNF gene is important from the point of
view of molecular pathology and modeling of various
pathological conditions, since in rodents it is the exon
that encodes the protein structure directly [68], while
the other exons are regulatory.

Another very important study conducted on mice,
which is worthy of highlighting, found an association
between an uncontrolled alcohol consumption at an
early age (25-day-old rats were used) and an increased
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likelihood of developing a depression [69]. This study
used the BrdU tagging method to assess the nerve
cell proliferation, which resulted in a quantitative
measurement of the neuronal proliferation inhibition in
the dentate gyrus in the mice compared to the control. It
was reduced by 30-50% in alcohol-drinking mice.

The study of the neurotropic factors’ dynamics
in connection with a withdrawal syndrome in
alcoholism is also of great interest. It has been found
that during the alcohol withdrawal, the level of GDNF
(glial cell line-derived neurotrophic factor) in blood
decreases [70], while the level of BDNF is inversely related
to the severity of the withdrawal syndrome. This may be
due to the hyperactivity of compensatory mechanisms
at the early stages of the withdrawal syndrome, when
the BDNF level increases too sharply [71]. The evidence
that elevated BDNF is a by-product of the compensatory
mechanisms’ activation is also supported by the fact
that levels of IL-10, an anti-inflammatory cytokine,
are simultaneously increased [72]. It is also of interest
that the above-mentioned increase in BDNF levels
is also observed in the addiction induced by other
pharmacological agents, for example, is morphine [73],
cocaine [74] and nicotine [75].

It was found out that the BDNF level also vary in
different brain regions, both in norm and pathology. The
authors distinguish: a) cell-dependent and b) activity-
dependent types of BDNF expression [76]. In the first
case, a constitutive expression determined by the
cell type and differentiation per se is being discussed,
while in the other case any other factors influencing the
expression of this protein — learning, physical activity,
pathological conditions and intake of various chemicals,
should be understood. Besides, if this protein localization
is being discussed, the levels of anatomical and cellular
structures can be also conditionally distinguished. On the
cellular scale, BDNF is usually found in large amounts in
glutamatergic neurons, closer to the synaptic terminal [77].
If anatomical structures of the CNS are considered, the
studies on rats have shown that the largest amount of
BDNF (by the mRNA level and immunohistochemical
staining) is in the hippocampus [78] (detected both in
the neuron body and in axons with dendrites, with a
peak intensity in the CA4 region). Their large amounts
are also in the cortex, with a peak intensity in layer VI
and the areas adjacent to the corpus callosum. It is
of interest that layer | (a molecular) of the cortex had
the lowest intensity of immunohistochemical staining
and mRNA levels. When considered by sections, in the
cortex, the highest relative intensity was observed in
temporal and parietal ones. In the amygdala, the BDNF
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levels are extremely low except in the central nucleus,
where it is found mainly in neuronal processes.

In pathological conditions, the level of BDNF can also
change. For example, in a major depressive disorder, it
has been shown that its relative amount in dendrites
can increase sevenfold compared to the neuron
body [79]. This is thought to be due to the length of
the non-coding fragment that is the substrate of the
DNA / RNA-binding protein translin. It has also been
shown that the increased amounts of pro-BDNF decrease
the length of hippocampal dendritic spines [80]. In
depressive spectrum disorders, a decrease in the relative
amount of BDNF in the perirhinal and entorhinal cortex
is also observed. It is assumed that this is associated
with an impaired long-term potentiation [81].

The studies have also shown the effects of alcohol
on the gene expression in different parts of the brain.
For example, the study by Finnish scientists [82],
conducted on two lines of the mice alcohol-avoiding
(ANA) and alcohol-preferring (AA) — showed that a
chronic ethanol consumption decreases the BDNF
expression. Moreover, a dose-dependent decrease
in mRNA was found in the hippocampus and nucleus
accumbens (NA), and conversely, an increase was found
in the ventral tegmentum area (VTA). In the frontal
lobes, an interesting effect was found out: in low doses,
alcohol decreased the expression compared to the intact
initial state, while high doses, conversely, increased
the expression. In contrast, in the amygdala, a dose-
dependent increase in mRNA was found with increasing
doses of alcohol. Other studies have shown an increase
in BDNF mRNA in pVTA during a direct administration of
nicotine and ethanol [83].

Prospective approaches to the treatment

of alcoholism aimed at correcting

the effectiveness of BDNF

It is difficult to underestimate an important role
of the brain-derived neurotrophic factor in the
development of alcoholism (especially in the presence
of withdrawal) and its severity. This signaling system
is currently an object of interest for research and
development of anti-addiction pharmacological agents.

Resveratrol is one of such agents, which in studies
has shown a clear ability to restore the mRNA level of
exon 9 of the BDNF gene. Although the effect is partial
and, at the same time, this agent increases mRNA levels
of regulatory exons 1 (4-fold), 3 (3-fold) and 4 (6-fold) in
the control animals, the research is currently ongoing,
as the exact consequences of such dysregulation of the
expression are currently unknown.
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Figure 1 — Effects of BDNF when stimulated by TrkB.
Note: SHC — Src homology 2 domain containing; Erk / MAPK — mitogen-activated protein kinase / extracellular signal-regulated kinase;
DAG / PKC — diacylglycerol / protein kinase C; IP3 — inositol-trisphosphate 3-kinase; PI3K/Akt — phosphoinositide
3-kinases / serine-threonine-protein kinase.
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Figure 2 — Structure of LNGFR receptor.
Notes: TACE / ADAM17 — tumor necrosis factor-a converting enzyme; CRD — carbohydrate recognition domain.
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Figure 3 — Structure of TK+ and TK- isoforms of TrkB.
Notes. SP — signal peptide; PLC y — phospholipase C (gamma); SHC1 — Src homology 2 domain containing; LRRNT —
leucine-rich N-terminal repeats; LRR — leucine-rich repeats; LRRCT — leucine-rich C-terminal repeats; IGC2-1 and IGC2-2 —
immunoglobulin-like domains.
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Figure 4 — Biochemical signaling pathways of LNGFR receptor.

Note: LNGFR (NGFR) — low-affinity nerve growth factor receptor; NGF — nerve growth factor; NT — neurotrophin; NRAGE —
Neurotrophin-receptor-interacting melanoma antigen-encoding gene homolog; NRIF — NGF receptor-interacting factor; aPC — activated
protein C; NFkB — nuclear factor kappa-light-chain-enhancer of activated B cells; TRAF — TNF receptor-associated factor; RIPK2 — receptor-
interacting serine / threonine-protein kinase 2; RhoA — Ras homolog family member A; FAP-1 — Fas-associated phosphatase-1. When LNGFR
interacts with neurotrophin molecules (NGF, NT-3, BDNF, and NT-4/5), mechanisms of the apoptosis initiation are triggered by the activation of
NRAGE, SC-1, NADE, and NRIF signaling proteins by the receptor. In some cases, receptor-ligand interactions trigger mechanisms that support
a nerve cell survival by the activation of NFkB. The interaction of the receptor with the signaling protein RhoA leads to an increase in the cell
motility, as one of the main functions of this protein is the regulation of actin protein functions.
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The next promising agent is 7,8-DHF
(7,8-dihydroxyflavone) — a TrkB agonist or “BDNF-
mimetic” [84], which has been found to have

neuroprotective effects [85], like the basic molecule
BDNF [86—88] plus antidepressant effects [89, 90]. In
other animal studies [69] this effect was also shown, only
already in relation to alcoholism — in rodents treated
with 7,8-DHF, when further counting proliferating
cells of dentate gyrus (by the BrdU inclusion level),
the proliferation level was almost equal to the control
group. Similar results were obtained in behavioural tests
such as “Sucrose preference test” and “Open field test”.
The experimental group of animals that received both
7,8-DHF and the alcohol-containing solution showed
similar results to the control group of mice that did
not receive alcohol. 7,8-DHF also showed the ability to
return to the normal levels of circulating BDNF in the
blood and the levels of phosphorylated TrkB (pTrkB) on
cell membranes. At the moment, not only 7,8-DHF itself
is being investigated, but also the compounds close to it,
such as the prodrug R13, which has shown a therapeutic
effect in models of neurodegenerative diseases [91],
and another compound R7, which is an independent
TrkB agonist and has better pharmacokinetic parameters
than 7,8-DHF [92]. Although the pharmacodynamics of
7,8-DHF on humans is under-researched, the molecule is
still considered a highly promising compound [93].

LM22A-4 is a BDNF-mimetic different in structure,
but similar in essence. In in vitro experiments, it showed
neuroprotective effects [94], and in animal models, it
reduced an alcohol consumption [95, 96].

A well-known compound that has an affinity
for the same receptor as BDNF is amitriptyline, an
antidepressant and adjuvant analgesic [97]. The studies
that included the use of this drug in alcoholism were
aimed at treating comorbid depressive disorders, not
the addictive effects of alcohol itself since its use in the
alcohol dependence syndrome is limited due to severe
side effects and a low tolerability in patients with this
disease [98].

Animportant substance, which, by its characteristics,
can be used as a neuroprotective agent in patients
with alcoholism, is a synthetic steroidal drug BNN-20
(an affinity to several receptors at once: TrkA, TrkB,
and p75NTR). There are published results of its testing
on various animal models of neurodegenerative
diseases [99, 100], but not on the model of the alcohol
dependence, although, based on its mechanism of
action, this substance could potentially be a promising
candidate for a further testing.
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Deoxygedunin (deoxygedunin) can be promising
in the light of the alcohol dependence treatment
and the reduction of alcohol neurotoxic effects. Its
neuroprotective effect has been proved in relation to
nigral neurons, in model lesions by a selective MPTP
toxin [101] and a mechanical damage of the nerve
fibres [102].

Currently, one of the most common means of
treating alcoholism is disulfiram, an outdated ADH
blocker. It stops the ethyl alcohol metabolism at the
stage of the toxic acetaldehyde formation, which is
manifested by hyperaemia, tachycardia, vomiting and
anxiety in the patient [103].

Therefore, alcoholism, as a socially significant
disease, should be studied as deeply as possible. It is
necessary to pay attention not only to the behavioural
abnormalities [104] caused by its use [105-107], but
also to know the molecular basis of this disease [108] —
its preconditions (including genetic ones [109-111]),
biochemical changes occurring in cells [112], their
consequences and correction potential.

Low molecular weight BDNF mimetics are being
developed in the Russian Federation. Currently, there is
evidence of studies of the anxiolytic activity on rodents
in the “elevated cruciform maze” test of the GTS-201
molecule [113, 114], which is important because the
development of alcoholism is often associated with anxiety
disorders. Separate studies have been conducted on an
ethanol consumption, they have also shown a potential
reduction in an alcohol-motivated behaviour [115].
Pharmacokinetic and metabolomic studies have
shown that the mimetic GTS-201 has both an effect on
increasing serotonin, dopamine concentrations in the
CNS and lowering serum cortisol [116].

CONCLUSION

The study of the brain neurotrophin system holds
promise for the development of innovative and safe
therapeutic strategies in the treatment of the alcohol
dependence. A review of the sources from the last
40 years helped to establish that at least 9 chemical
compounds with potential anti-addictive activity that
target BDNF-related receptors and signaling cascades,
have been identified as of 2025.

Based on these findings, it can be concluded that
BDNF and its signaling pathways may become promising
targets for the development of new drugs for the
alcohol dependence treatment. This may significantly
improve the methods of alcoholism therapy and related
neurotoxic conditions.

Volume XIlII, Issue 1, 2025



Hay4Ho-npakTunyeckuin XxypHan 0530Pbl

gﬁﬁMﬁggﬁngH DOI: 10.19163/2307-9266-2025-13-1-4-19

(PHARMACY & PHARMACOLOGY)

FUNDING
This study had no financial support from outside organizations.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION
Mikhail S. Khalimanov — search and analysis of literature sources; Ekaterina M. Grigorevskikh —
search and analysis of literature sources, systematization of information, manuscript writing; Sergey |. Sologov —
search and analysis of literature sources, systematization of information, manuscript writing; Ksenia A. Zavadich —
search and analysis of literature sources; Daria A. Trashchenkova — search and analysis of literature sources,
systematization of information, manuscript writing; Kristina A. Tatzhikova — search and analysis of literature
sources, systematization of information, manuscript writing; Evgeny V. Polikarpov — search and analysis of
literature sources, systematization of information, manuscript writing; Susanna S. Sologova — systematization of
information, manuscript editing, Dmitry A. Kudlai — systematization of information, manuscript editing;
Elena A. Smolyarchuk — systematisation of information, manuscript editing.
All the authors confirm that their authorship meets the ICMJE international criteria (all the authors contributed
substantially to the conceptualization, research and preparation of the article, read and approved the final version
before the publication).

REFERENCES
1. Hasirci AS, Maldonado-Devincci AM, Beattie MC, Cassels BK, Herrera-Marschitz M, lIsrael Y. (R)-Salsolinol,
O’Buckley TK, Morrow AL. Cellular GABAergic Neuroactive a product of ethanol metabolism, stereospecifically
Steroid (3a,5a)-3-Hydroxy-Pregnan-20-One (3a,5a-THP) induces behavioral sensitization and leads to excessive
Immunostaining Levels Are Increased in the Ventral alcohol intake. Addict Biol. 2016;21(6):1063-71.
Tegmental Area of Human Alcohol Use Disorder DOI: 10.1111/adb.12268
Patients: A Postmortem Study. Alcohol Clin Exp Res. 9. Ito A, Jamal M, Ameno K, Tanaka N, Takakura A,
2017;41(2):299-311. DOI: 10.1111/acer.13300 Kawamoto T, Kitagawa K, Nakayama K, Matsumoto A,
2. Shenoda BB. An Overview of the Mechanisms of Abnormal Miki T, Kinoshita H. Acetaldehyde administration induces
GABAergic Interneuronal Cortical Migration Associated salsolinol formation in vivo in the dorsal striatum of
with Prenatal Ethanol Exposure. Neurochem Res. Aldh2-knockout and C57BL/6N mice. Neurosci Lett.
2017;42(5):1279-87. DOI: 10.1007/s11064-016-2169-5 2018;685:50-4. DOI: 10.1016/j.neulet.2018.07.032

3. Varodayan FP, Soni N, Bajo M, Luu G, Madamba SG 10. Marchitti SA, Deitrich RA, Vasiliou V. Neurotoxicity
and Metabolism of the Catecholamine-Derived

3,4-Dihydroxyphenylacetaldehyde and 3,4-Dihydroxyphe
nylglycolaldehyde: The Role of Aldehyde Dehydrogenase.
2007;59(2):125-50.

Schweitzer P, Parsons LH, Roberto M. Chronic ethanol
exposure decreases CB1 receptor function at GABAergic
synapses in the rat central amygdala. Addict Biol.
2016;21(4):788-801. DOI: 10.1111/adb.12256 Pharmacological Reviews.

4. Uhrig S, Vandael D, Marcantoni A, Dedic N, Bilbao A, 11 EOI:II?'llzDZ\l//pI:SQAZ'l EM. Tsvbko AS. Kovetskava Al
Vogt MA, Hirth N, Broccoli L, Bernardi RE, Schonig - bazovkina LV, Rondaurova + 1yDKO A5, Rovetskaya Al,

. o .
K Gass P Bartsch D, Spanagel R, Deussing M, lichibaeva TV, Naumenko VS ffect of Chronic

. . Alcoholization on Expression of the Brain-Derived
Sommer WH, Carbone E, Hansson AC. Differential Roles for . .
L-Tve Calcium Ch | Subt 1 Alcohol D p Neurotrophic Factor (BDNF) and Its Receptors in the
N—ype acr:umh annel ubtypesin 252’732 :éigsgnggl Brain of Mice Genetically Predisposed to Depressive-
europsychopharmacology- 42(5): e Like Behavior. Molecular Biology. 2017;51(4)647-55.
DOI: 10.1038/npp.2016.266 DOI: 10.7868/5002689841704005X
5. Alexandrovsky VN, Ostapenko YN, Goldfarb VS, 12

) T i . Barde YA, Edgar D, Thoenen H. Purification of a new
Potskhveriya MM, Kareva MV. Acute Poisoning with neurotrophic factor from mammalian brain. EMBO J.

Ethyl Alcohol (Alcoholic Coma). Russian  Sklifosovsky 1982;1(5):549-53. DOI: 10.1002/j.1460-2075.1982.tb01207.x
Journal “Emergency Medical Care”. 2018;7(4):357-65. 13. Yang B, Ren Q, Zhang JC, Chen QX, Hashimoto K. Altered
DOI: 10.23934/2223-9022-2018-7-4-357-365 expression of BDNF, BDNF pro-peptide and their precursor

6. Davis KM, Wu JY. Role of glutamatergic and GABAergic proBDNF in brain and liver tissues from psychiatric
systems in alcoholism. J Biomed Sci. 2001;8(1):7-19. disorders: rethinking the brain-liver axis. Trans| Psychiatry.
DOI: 10.1007/BF02255966 2017;7(5):e1128. DOI: 10.1038/tp.2017.95

7. Tsuchiya H. Biphasic effects of acetaldehyde- 14. DieniS, Matsumoto T, Dekkers M, Rauskolb S, lonescu MS,
biogenic amine condensation products on membrane Deogracias R, Gundelfinger ED, Kojima M, Nestel S,
fluidity. J Pharm  Pharmacol. 2001;53(1):121-7. Frotscher M, Barde YA. BDNF and its pro-peptide are stored
DOI: 10.1211/0022357011775109 in presynaptic dense core vesicles in brain neurons. J Cell

8. Quintanilla ME, Rivera-Meza M, Berrios-Circamo P, Biol. 2012;196(6):775-88. DOI: 10.1083/jcb.201201038

Tom 13, Beinyck 1, 2025 13



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

14

Guo J, JiY, Ding Y, Jiang W, Sun Y, Lu B, Nagappan G. BDNF
pro-peptide regulates dendritic spines via caspase-3. Cell
Death Dis. 2016;7(6):e2264. DOI: 10.1038/cddis.2016.166
Mizui T, Ishikawa Y, Kumanogoh H, Lume M, Matsumoto T,
Hara T, Yamawaki S, Takahashi M, Shiosaka S, Itami C,
Uegaki K, Saarma M, Kojima M. BDNF pro-peptide actions
facilitate hippocampal LTD and are altered by the common
BDNF polymorphism Val66Met. Proc Natl Acad Sci USA.
2015;112(23):3067-74. DOI: 10.1073/pnas.1422336112
Borodinova AA, Salozhin SV. Differences in the Biological
Functions of BDNF and proBDNF in the Central Nervous
System. Neuroscience and Behavioral Physiology.
2017;47(3):251-65. DOI: 10.1007/s11055-017-0391-5
Pang PT, Teng HK, Zaitsev E, Woo NT, Sakata K, Zhen S,
Teng KK, Yung WH, Hempstead BL, Lu B. Cleavage of
proBDNF by tPA/plasmin is essential for long-term
hippocampal plasticity. Science. 2004;306(5695):487-91.
DOI: 10.1126/science.1100135

Je HS, Yang F, Ji Y, Nagappan G, Hempstead BL, Lu B.
Role of pro-brain-derived neurotrophic factor (proBDNF)
to mature BDNF conversion in activity-dependent
competition at developing neuromuscular synapses.
Proc Natl Acad Sci U S A. 2012;109(39):15924-9.
DOI: 10.1073/pnas.1207767109

Autry AE, Monteggia LM. Brain-derived neurotrophic
factor and neuropsychiatric disorders. Pharmacol Rev.
2012;64(2):238-58. DOI: 10.1124/pr.111.005108
Weidner KL, Buenaventura DF, Chadman KK. Mice
over-expressing BDNF in forebrain neurons develop an
altered behavioral phenotype with age. Behav Brain Res.
2014;268:222-8. DOI: 10.1016/j.bbr.2014.04.025
Grinblatt E, Hupp E, Bambula M, Zehetmayer S, Jungwirth S,
Tragl KH, Fischer P, Riederer P. Association study of
BDNF and CNTF polymorphism to depression in non-
demented subjects of the “VITA” study. J Affect Disord.
2006;96(1-2):111-6. DOI: 10.1016/j.jad.2006.05.008
Hwang JP, Tsai SJ, Hong CJ, Yang CH, Lirng JF, Yang YM.
The Val66Met polymorphism of the brain-derived
neurotrophic-factor gene is associated with geriatric
depression. Neurobiol Aging. 2006;27(12):1834-7.
DOI: 10.1016/j.neurobiolaging.2005.10.013

Shen T, You Y, Joseph C, Mirzaei M, Klistorner A,
Graham SL, Gupta V. BDNF Polymorphism: A Review
of Its Diagnostic and Clinical Relevance in
Neurodegenerative Disorders. Aging Dis. 2018;9(3):523-36.
DOI: 10.14336/AD.2017.0717

Lim YY, Hassenstab J, Cruchaga C, Goate A, Fagan AM,
Benzinger TL, Maruff P, Snyder PJ, Masters CL, Allegri R,
Chhatwal J, Farlow MR, Graff-Radford NR, Laske C,
Levin J, McDade E, Ringman JM, Rossor M, Salloway S,
Schofield PR, Holtzman DM, Morris JC, Bateman RJ;
Dominantly Inherited Alzheimer BDNF
Val66Met moderates memory impairment, hippocampal

Network.

function and tau in preclinical autosomal dominant
Alzheimer’s disease. Brain. 2016;139(Pt 10):2766-77.
DOI: 10.1093/brain/aww200

Borroni B, Grassi M, Archetti S, Costanzi C, Bianchi M,

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Caimi L, Caltagirone C, Di Luca M, Padovani A. BDNF
genetic variations increase the risk of Alzheimer’s disease-
related depression. J Alzheimers Dis. 2009;18(4):867-75.
DOI: 10.3233/JAD-2009-1191

Lim YY, Hassenstab J, Goate A, Fagan AM,
Benzinger TLS, Cruchaga C, McDade E, Chhatwal J, Levin
J, Farlow MR, Graff-Radford NR, Laske C, Masters CL,
Salloway S, Schofield P, Morris JC, Maruff P, Bateman
RJ; Dominantly Inherited Alzheimer Network. Effect of
BDNFVal66Met on disease markersin dominantly inherited
Alzheimer’s disease. Ann Neurol. 2018;84(3):424-35.
DOI: 10.1002/ana.25299

Zhang H, Ozbay F, Lappalainen J, Kranzler HR, van Dyck CH,
Charney DS, Price LH, Southwick S, Yang BZ, Rasmussen A,
Gelernter J. Brain derived neurotrophic factor (BDNF)
gene variants and Alzheimer’s disease, affective disorders,
posttraumatic stress disorder, schizophrenia, and
substance dependence. Am J Med Genet B Neuropsychiatr
Genet. 2006;141B(4):387-93. DOI: 10.1002/ajmg.b.30332
Lee BG, Anastasia A, Hempstead BL, Lee FS, Blendy JA.
Effects of the BDNF Val66Met Polymorphism on
Anxiety-Like Behavior Following Nicotine Withdrawal
in Mice. Nicotine Tob Res. 2015;17(12):1428-35.
DOI: 10.1093/ntr/ntv047

Zhang XY, Chen DC, Xiu MH, Luo X, Zuo L, Haile CN,
Kosten TA, Kosten TR. BDNF Val66Met variant and smoking
in a Chinese population. PLoS One. 2012;7(12):e53295.
DOI: 10.1371/journal.pone.0053295

Phillips TJ, Kamens HM, Wheeler JM.
genetic contributions to the study of addiction-
related amphetamine effects. Neurosci Biobehav Rev.
2008;32(4):707-59. DOI: 10.1016/j.neubiorev.2007.10.008
Huret JL, Ahmad M, Arsaban M, Bernheim A, Cigna J,
Desangles F, Guignard JC, Jacquemot-Perbal MC,
Labarussias M, Leberre V, Malo A, Morel-Pair C, Mossafa H,
Potier JC, Texier G, Viguié F, Yau Chun Wan-Senon S,
Zasadzinski A, Dessen P. Atlas of genetics and
cytogenetics in oncology and haematology in 2013.
Nucleic Acids Res. 2013;41(Database issue):920-24.
DOI: 10.1093/nar/gks1082

Ohira K, Hayashi M. A new aspect of the TrkB signaling
pathway in neural plasticity. Curr Neuropharmacol.
2009;7(4):276-85. DOI: 10.2174/157015909790031210
Ohira K, Kumanogoh H, Sahara Y, Homma KJ, Hirai H,
Nakamura S, Hayashi M. A truncated tropomyosin-related
kinase Breceptor, T1, regulatesglial cellmorphologyviaRho
GDP dissociation inhibitor 1. J Neurosci. 2005;25(6):1343-53.
DOI: 10.1523/JNEUROSCI.4436-04.2005

Luberg K, Wong J, Weickert CS, Timmusk T. Human TrkB
gene: novel alternative transcripts, protein isoforms and
expression pattern in the prefrontal cerebral cortex during
postnatal development. J Neurochem. 2010;113(4):952—-64.
DOI: 10.1111/j.1471-4159.2010.06662.x

Wong J. Regulation of a TrkB Alternative Transcript
by microRNAs. Dement Geriatr Cogn Dis Extra.
2014;4(3):364-74. DOI: 10.1159/000365917

Shen J, Maruyama IN. Brain-derived neurotrophic factor

Behavioral

Volume XIlII, Issue 1, 2025



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30PbI
DOI: 10.19163/2307-9266-2025-13-1-4-19

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

receptor TrkB exists as a preformed dimer in living cells. J
Mol Signal. 2012;7(1):2. DOI: 10.1186/1750-2187-7-2
Diniz CRAF, Casarotto PC, Fred SM, Biojone C, Castrén E,
Joca SRL. Antidepressant-like effect of losartan
involves TRKB transactivation angiotensin
receptor type 2 (AGTR2) recruitment  of
FYN. Neuropharmacology. 2018;135:163-71.
DOI: 10.1016/j.neuropharm.2018.03.011

Philo J, Talvenheimo J, Wen J, Rosenfeld R, Welcher A,
Arakawa T. Interactions of neurotrophin-3 (NT-3), brain-
derived neurotrophic factor (BDNF), and the NT-3.BDNF
heterodimer with the extracellular domains of the TrkB
and TrkC receptors. J Biol Chem. 19941;269(45):27840-6.
Jang SW, Liu X, Chan CB, Weinshenker D, Hall RA, Xiao G,
Ye K. Amitriptyline is a TrkA and TrkB receptor agonist that
promotes TrkA/TrkB heterodimerization and has potent
neurotrophic activity. Chem Biol. 2009;16(6):644-56.
DOI: 10.1016/j.chembiol.2009.05.010

Fenner BM. Truncated TrkB: beyond a dominant negative
receptor. Cytokine Growth Factor Rev. 2012;23(1-2):15-24.
DOI: 10.1016/j.cytogfr.2012.01.002

Vidaurre O, Gascén S, Deogracias R, Cuadrado E,
Montaner J, Rodriguez-Pefia A, Diaz-Guerra M. Imbalance
of neurotrophin receptor isoforms TrkB-FL/TrkB-T1
induces neuronal death in excitotoxicity. Cell Death Dis.
2012;3;e256. DOI: 10.1038/cddis.2011.143

Carim-Todd L, Bath KG, Fulgenzi G, Yanpallewar S, Jing D,
Barrick CA, Becker J, Buckley H, Dorsey SG, Lee FS,
Tessarollo L. Endogenous truncated TrkB.T1 receptor
regulates neuronal complexity and TrkB kinase receptor
function in vivo. J Neurosci. 2009;29(3):678-85.
DOI: 10.1523/JINEUROSCI.5060-08.2009

Torres CM, Siebert M, Bock H, Mota SM, Krammer BR,
Duarte JA, Bragatti JA, Castan JU, de Castro LA,
Saraiva-Pereira ML, Bianchin MM. NTRK2 (TrkB
gene) variants and temporal lobe epilepsy: A genetic
association  study. Epilepsy Res. 2017;137:1-8.
DOI: 10.1016/j.eplepsyres.2017.08.010

Torres CM, Siebert M, Bock H, Mota SM, Castan JU,
Scornavacca F, de Castro LA, Saraiva-Pereira ML,
Bianchin MM. Tyrosine receptor kinase B gene variants
(NTRK2 variants) are associated with depressive
disorders in temporal lobe epilepsy. Epilepsy Behav.
2017;71(Pt A):65-72. DOI: 10.1016/j.yebeh.2017.03.030
Deflesselle E, Colle R, Rigal L, David DJ, Vievard A, Martin S,
Becquemont L, Verstuyft C, Corruble E. The TRKB
rs2289656 genetic polymorphism is associated with acute
suicide attempts in depressed patients: A transversal
case control study. PLoS One. 2018;13(10):e0205648.
DOI: 10.1371/journal.pone.0205648

Harada T, Yatabe Y, Takeshita M, Koga T, Yano T, Wang Y,
Giaccone G. Role and relevance of TrkB mutations and
expression in non-small cell lung cancer. Clin Cancer Res.
2011;17(9):2638-45. DOI: 10.1158/1078-0432.CCR-10-3034
Deihimi S, Lev A, Slifker M, Shagisultanova E, Xu Q,
Jung K, Vijayvergia N, Ross EA, Xiu J, Swensen J, Gatalica Z,
Andrake M, Dunbrack RL, EI-Deiry WS. BRCA2, EGFR, and

from
and

Tom 13, Beinyck 1, 2025

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

NTRK mutations in mismatch repair-deficient colorectal
cancers with MSH2 or MLH1 mutations. Oncotarget.
2017;8(25):39945—-62. DOI: 10.18632/oncotarget.18098
Wislet S, Vandervelden G, Rogister B. From Neural Crest
Development to Cancer and Vice Versa: How p75NTR and
(Pro)neurotrophins Could Act on Cell Migration
and Invasion? Front Mol 2018;11:244.
DOI: 10.3389/fnmol.2018.00244

Hempstead BL. The many faces of p75NTR. Curr Opin Neurobiol.
2002;12(3):260-7. DOI: 10.1016/s0959-4388(02)00321-5
Chittka A, Arevalo JC, Rodriguez-Guzman M, Pérez P,
Chao MV, Sendtner M. The p75NTR-interacting protein
SC1 inhibits cell cycle progression by transcriptional
repression of cyclin E. J Cell Biol. 2004;164(7):985-96.
DOI: 10.1083/jcb.200301106

Tong X, Xie D, Roth W, Reed J, Koeffler HP. NADE (p75NTR-
associated cell death executor) suppresses cellular growth
in vivo. Int J Oncol. 2003;22(6):1357-62.

Salehi AH, Roux PP, Kubu CJ, Zeindler C, Bhakar A,
Tannis LL, Verdi JM, Barker PA. NRAGE, a novel
MAGE protein, interacts with the p75 neurotrophin
receptor and facilitates nerve growth factor-
dependent apoptosis. Neuron. 2000;27(2):279-88.
DOI: 10.1016/s0896-6273(00)00036-2

Coulson EJ, Reid K, Shipham KM, Morley S, Kilpatrick TJ,
Bartlett PF. The role of neurotransmission and the
Chopper p75 neurotrophin receptor
death signaling. Prog Brain Res. 2004;146:41-62.
DOI: 10.1016/S0079-6123(03)46003-2

Lewin GR, Mendell LM. Nerve growth factor and
nociception.  Trends  Neurosci.  1993;16(9):353-9.
DOI: 10.1016/0166-2236(93)90092-2

Restivo G, Diener J, Cheng PF, Kiowski G, Bonalli M,
Biedermann T, Reichmann E, Levesque MP, Dummer R,

Neurosci.

domain in

Sommer L. low neurotrophin receptor CD271
regulates phenotype switching in melanoma. Nat
Commun. 2017;8(1):1988. DOI: 10.1038/s41467-017-

01573-6. Erratum in: Nat Commun.
DOI: 10.1038/s41467-018-02850-8
Schmieg N, Thomas C, Yabe A, Lynch DS, Iglesias T,
Chakravarty P, Schiavo G. Novel Kidins220/ARMS Splice
Isoforms: Potential Specific Regulators of Neuronal and
Cardiovascular Development. PLoS One. 2015;10(6):e0129944.
DOI: 10.1371/journal.pone.0129944

Faulkner S, Jobling P, Rowe CW, Rodrigues Oliveira SM,
Roselli S, Thorne RF, Oldmeadow C, Attia J, Jiang CC,
Zhang XD, Walker MM, Hondermarck H. Neurotrophin
Receptors TrkA, p75NTR, and Sortilin Are Increased
and Targetable in Thyroid Cancer. Am J Pathol.
2018;188(1):229-241. DOI: 10.1016/j.ajpath.2017.09.008
Liao YH, Hsu SM, Yang HL, Tsai MS, Huang PH.
Upregulated ankyrin repeat-rich membrane spanning
protein  contributes to tumour progression in
cutaneous melanoma. Br J Cancer. 2011;104(6):982-8.
DOI: 10.1038/bjc.2011

De la Cruz-Morcillo MA, Berger J, Sanchez-Prieto R,
Saada S, Naves T, Guillaudeau A, Perraud A, Sindou P,

2018;9(1):314.

15



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

16

Lacroix A, Descazeaud A, Lalloué F, Jauberteau MO.
p75 neurotrophin receptor and pro-BDNF promote
cell survival and migration in clear cell renal cell
carcinoma. Oncotarget. 2016;7(23):34480-97.
DOI: 10.18632/oncotarget.8911

Fei D, Huang T, Krimm RF. The neurotrophin receptor
p75 regulates gustatory axon branching and promotes
innervation of the tongue during development. Neural
Dev. 2014;9:15. DOI: 10.1186/1749-8104-9-15

Sato T, Doi K, Taniguchi M, Yamashita T, Kubo T, Tohyama M.
Progressive hearing loss in mice carrying a mutation
in the p75 gene. Brain Res. 2006;1091(1):224-34.
DOI: 10.1016/j.brainres.2005.12.104

Sanchez E, Bergareche A, Krebs CE, Gorostidi A,
Makarov V, Ruiz-Martinez J, Chorny A, Lopez de
Munain A, Marti-Masso JF, Paisan-Ruiz C. SORT1

Mutation  Resulting in  Sortilin  Deficiency and
p75(NTR) Upregulation in a Family With Essential
Tremor. ASN Neuro. 2015;7(4):1759091415598290.

DOI: 10.1177/1759091415598290

Silva-Pefia D, Garcia-Marchena N, Alén F Araos P,
Rivera P, Vargas A, Garcia-Fernandez M, Martin-Velasco Al,
Villanta MA, Castilla-Ortega E, Santin L, Pavén F,
Serrano A, Rubio G, Rodriguez de Fonseca F, Sudrez J.
Alcohol-induced cognitive deficits are associated with
decreased circulating levels of the neurotrophin BDNF
in humans and rats. Addict Biol. 2019;24(5):1019-33.
DOI: 10.1111/adb.12668

Lin G, Zhang H, Sun F, Lu Z, Reed-Maldonado A, Lee YC,
Wang G, Banie L, Lue TF. Brain-derived neurotrophic
factor promotes nerve regeneration by activating the
JAK/STAT pathway in Schwann cells. Transl Androl Urol.
2016;5(2):167-75. DOI: 10.21037/tau.2016.02.03
Donnelly CR, Gabreski NA, Suh EB, Chowdhury M,
Pierchala BA. Non-canonical Ret signaling augments
p75-mediated cell death in developing sympathetic
neurons. J Cell Biol. 2018;217(9):3237-53.
DOI: 10.1083/jcb.201703120

Shojaei S, Ghavami S, Panjehshahin MR, Owji AA.
Effects of Ethanol on the Expression Level of Various
BDNF mRNA Isoforms and Their Encoded Protein in the
Hippocampus of Adult and Embryonic Rats. Int J Mol Sci.
2015;16(12):30422-37. DOI: 10.3390/ijms161226242
Nair B, Wong-Riley MT. Transcriptional Regulation of
Brain-derived Neurotrophic Factor Coding Exon IX:
ROLE OF NUCLEAR RESPIRATORY FACTOR 2. J Biol Chem.
2016;291(43):22583-93. DOI: 10.1074/jbc.M116.742304
Briones TL, Woods J. Chronic binge-like alcohol
consumption in adolescence causes depression-like
symptoms possibly mediated by the effects of BDNF
on neurogenesis. Neuroscience. 2013;254:324-34.
DOI: 10.1016/j.neuroscience.2013.09.031

Heberlein A, Muschler M, Wilhelm J, Frieling H, Lenz B,
Groschl M, Kornhuber J, Bleich S, Hillemacher T. BDNF and
GDNF serum levels in alcohol-dependent patients during
withdrawal. Prog Neuropsychopharmacol Biol Psychiatry.
2010;34(6):1060-4. DOI: 10.1016/j.pnpbp.2010.05.025

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Huang MC, Chen CH, Chen CH, Liu SC, Ho CJ, Shen WW,
Leu SJ. Alterations of serum brain-derived neurotrophic
factor levels in early alcohol withdrawal. Alcohol Alcohol.
2008;43(3):241-5. DOI: 10.1093/alcalc/agm172

Schunck RV, Torres IL, Laste G, de Souza A, Macedo IC,
Valle MT, Salomén JL, Moreira S, Kuo J, Arbo MD,
Dallegrave E, Leal MB. Protracted alcohol abstinence
induces analgesia in rats: Possible relationships with
BDNF and interleukin-10. Pharmacol Biochem Behav.
2015;135:64-9. DOI: 10.1016/j.pbb.2015.05.011

Hatami H, Oryan S, Semnanian S, Kazemi B, Bandepour M,
Ahmadiani A. Alterations of BDNF and NT-3 genes
expression in the nucleus paragigantocellularis during
morphine dependency and withdrawal. Neuropeptides.
2007;41(5):321-28. DOI: 10.1016/j.npep.2007.04.007
Filip M, Faron-Gdrecka A, Kusmider M, Gotda A,
Frankowska M, Dziedzicka-Wasylewska M. Alterations in
BDNF and trkB mRNAs following acute or sensitizing cocaine
treatments and withdrawal. Brain Res. 2006;1071(1):218-25.
DOI: 10.1016/j.brainres.2005.11.099

Roni MA, Rahman S. The effects of lobeline on nicotine
withdrawal-induced depression-like behavior in mice.
Psychopharmacology  (Berl). 2014;231(15):2989-98.
DOI: 10.1007/s00213-014-3472-y

Sasi M, Vignoli B, Canossa M, Blum R. Neurobiology of
local and intercellular BDNF signaling. Pflugers Arch.
2017;469(5-6):593-610. DOI: 10.1007/s00424-017-1964-4.
Erratum  in:  Pflugers Arch. 2017;469(5-6):611.
DOI: 10.1007/s00424-017-1971-5

Park H, Poo MM. Neurotrophin regulation of neural
circuit development and function. Nat Rev Neurosci.
2013;14(1):7-23. DOI: 10.1038/nrn3379

Conner JM, Lauterborn JC, Yan Q, Gall CM,
Varon S. Distribution of brain-derived neurotrophic

factor (BDNF) protein and mRNA in the normal
adult rat CNS: evidence for anterograde axonal
transport. J Neurosci. 1997;17(7):2295-313.

DOI: 10.1523/JNEUROSCI.17-07-02295.1997

Hing B, Sathyaputri L, Potash JB. A comprehensive review
of genetic and epigenetic mechanisms that regulate
BDNF expression and function with relevance to major
depressive disorder. Am J Med Genet B Neuropsychiatr
Genet. 2018;177(2):143—-67. DOI: 10.1002/ajmg.b.32616
Bai YY, Ruan CS, Yang CR, Li JY, Kang ZL, Zhou L, Liu D,
Zeng YQ, Wang TH, Tian CF, Liao H, Bobrovskaya L, Zhou XF.
ProBDNF Signaling Regulates Depression-Like Behaviors in
Rodents under Chronic Stress. Neuropsychopharmacology.
2016;41(12):2882-92. DOI: 10.1038/npp.2016.100
Aicardi G, Argilli E, Cappello S, Santi S, Riccio M, Thoenen H,
Canossa M. Induction of long-term potentiation and
depression is reflected by corresponding changes in
secretion of endogenous brain-derived neurotrophic
factor. Proc Natl Acad Sci USA. 2004;101(44):15788-92.
DOI: 10.1073/pnas.0406960101

Raivio N, Miettinen P, Kiianmaa K. Innate BDNF
expression is associated with ethanol intake in alcohol-
preferring AA and alcohol-avoiding ANA rats. Brain Res.
2014;1579:74-83. DOI: 10.1016/j.brainres.2014.07.006

Volume XIlII, Issue 1, 2025



Hay4Ho-npakTunyeckuin XxypHan OB30PbI
OAPMALIVA N
®APMAKONOIA DOI: 10.19163/2307-9266-2025-13-1-4-19
(PHARMACY & PHARMACOLOGY)
83. Truitt WA, Hauser SR, Deehan GA Jr, Toalston JE, 94. Massa SM, Yang T, Xie Y, Shi J, Bilgen M, Joyce JN, Nehama D,

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Wilden JA, Bell RL, McBride WJ, Rodd ZA. Ethanol
and nicotine interaction within the posterior ventral
tegmental area in male and female alcohol-preferring rats:
evidence of synergy and differential gene activation in
the nucleus accumbens shell. Psychopharmacology (Berl).
2015;232(3):639-49. DOI: 10.1007/s00213-014-3702-3
Liu X, Obianyo O, Chan CB, Huang J, Xue S, Yang JJ,
Zeng F, Goodman M, Ye K. Biochemical and biophysical
investigation of the brain-derived neurotrophic factor
mimetic 7,8-dihydroxyflavone in the binding and activation
of the TrkB receptor. J Biol Chem. 2014;289(40):27571-84.
DOI: 10.1074/jbc.M114.562561

Wu CH, Hung TH, Chen CC, Ke CH, Lee CY, Wang PY,
Chen SF. Post-injury treatment with 7,8-dihydroxyflavone,
a TrkB receptor agonist, protects against experimental
traumatic brain injury via PI3K/Akt signaling. PLoS One.
2014;9(11):e113397. DOI: 10.1371/journal.pone.0113397
Uluc K, Kendigelen P, Fidan E, Zhang L, Chanana V,
Kintner D, Akture E, Song C, Ye K, Sun D, Ferrazzano P,
Cengiz P. TrkB receptor agonist 7, 8 dihydroxyflavone
triggers profound gender- dependent neuroprotection
in mice after perinatal hypoxia and ischemia. CNS
Neurol Disord Drug Targets. 2013;12(3):360-70.
DOI: 10.2174/18715273113129990061

Zhang Z, Liu X, Schroeder JP, Chan CB, Song M, Yu SP,
Weinshenker D, Ye K. 7,8-dihydroxyflavone prevents
synaptic loss and memory deficits in a mouse model
of Alzheimer’s disease. Neuropsychopharmacology.
2014;39(3):638-50. DOI: 10.1038/npp.2013.243

Chen L, Gao X, Zhao S, Hu W, Chen J. The Small-
Molecule TrkB Agonist 7, 8-Dihydroxyflavone Decreases
Hippocampal Newborn Neuron Death After Traumatic
Brain Injury. J Neuropathol Exp Neurol. 2015;74(6):557—
67.DOI: 10.1097/NEN.0000000000000199

Nie S, Ma K, Sun M, Lee M, Tan Y, Chen G, Zhang Z,
Zhang Z, Cao X. 7,8-Dihydroxyflavone
Nigrostriatal Dopaminergic Neurons from Rotenone-
Induced Neurotoxicity in Rodents. Parkinsons Dis.
2019;2019:9193534. DOI: 10.1155/2019/9193534

Liu X, Qi Q, Xiao G, Li J, Luo HR, Ye K. O-methylated
metabolite of 7,8-dihydroxyflavone activates TrkB receptor
and displays antidepressant activity. Pharmacology.
2013;91(3-4):185-200. DOI: 10.1159/000346920

Chen C, Wang Z, Zhang Z, Liu X, Kang SS, Zhang Y, Ye K.
The prodrug of 7,8-dihydroxyflavone development
and therapeutic efficacy for treating Alzheimer’s
disease. Proc Natl Acad Sci USA. 2018;115(3):578-83.
DOI: 10.1073/pnas.1718683115

US Patent 2015/0274692 Al. 7,8-dihydoxyflavone and
7,8-substituted flavone derivatives, compositions, and
methods related thereto; Kegiang Ye, inventor.

Liu C, Chan CB, Ye K. 7,8-dihydroxyflavone, a small
molecular TrkB agonist, is useful for treating various
BDNF-implicated human disorders. Transl Neurodegener.
2016;5:2. DOI: 10.1186/s40035-015-0048-7

Protects

Tom 13, Beinyck 1, 2025

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Rajadas J, Longo FM. Small molecule BDNF mimetics
activate TrkB signaling and prevent neuronal degeneration
in rodents. J Clin 2010;120(5):1774-85.
DOI: 10.1172/1Cl41356

Pandey SC. A Critical Role of Brain-Derived Neurotrophic
Factor in Alcohol Consumption. Biol Psychiatry.
2016;79(6):427-9. DOI: 10.1016/j.biopsych.2015.12.020
Warnault V, Darcq E, Morisot N, Phamluong K,
Wilbrecht L, Massa SM, Longo FM, Ron D. The
BDNF Valine 68 to Methionine Polymorphism
Increases Compulsive  Alcohol Drinking in  Mice
That Is Reversed by Tropomyosin Receptor Kinase
B Activation. Biol Psychiatry. 2016;79(6):463-73.
DOI: 10.1016/j.biopsych.2015.06.007

Zheng X, Chen F, Zheng T, Huang F, Chen J,
Tu W. Amitriptyline Activates TrkA to Aid Neuronal

Invest.

Growth and Attenuate Anesthesia-Induced
Neurodegeneration in Rat Dorsal Root Ganglion
Neurons. Medicine (Baltimore). 2016;95(18):e3559.

DOI: 10.1097/MD.0000000000003559

Altintoprak AE, Zorlu N, Coskunol H, Akdeniz F,
Kitapcioglu G. Effectiveness and tolerability of
mirtazapine and amitriptyline in alcoholic patients with
co-morbid depressive disorder: a randomized, double-
blind study. Hum Psychopharmacol. 2008;23(4):313-9.
DOI: 10.1002/hup.935

Bennett JP Jr, O’Brien LC, Brohawn DG.
Pharmacological properties of microneurotrophin
drugs developed for treatment of amyotrophic lateral
sclerosis. Biochem Pharmacol. 2016;117:68-77.
DOI: 10.1016/j.bcp.2016.08.001

Botsakis K, Mourtzi T, Panagiotakopoulou V, Vreka M,
Stathopoulos GT, Pediaditakis I, Charalampopoulos |,
Gravanis A, Delis F, Antoniou K, Zisimopoulos D,
Georgiou CD, Panagopoulos NT, Matsokis N, Angelatou F.

BNN-20, a synthetic microneurotrophin,
strongly protects dopaminergic neurons in the
“weaver” mouse, a genetic model of dopamine-

denervation, acting through the TrkB neurotrophin
receptor. Neuropharmacology. 2017;121:140-57.
DOI: 10.1016/j.neuropharm.2017.04.04

Nie S, Xu Y, Chen G, Ma K, Han C, Guo Z, Zhang Z,
Ye K, Cao X. Small molecule TrkB agonist deoxygedunin
protects nigrostriatal dopaminergic neurons
from 6-OHDA and MPTP induced neurotoxicity in
rodents. Neuropharmacology. 2015;99:448-58.
DOI: 10.1016/j.neuropharm.2015.08.016

English AW, Liu K, Nicolini JM, Mulligan AM, Ye K. Small-
molecule trkB agonists promote axon regeneration
in cut peripheral nerves. Proc Natl Acad Sci USA.
2013;110(40):16217-22. DOI: 10.1073/pnas.1303646110
Bell RG. Alcohol dependence: disulfiram implants. Can
Med Assoc J. 1977;116(12):1333-5.

Corbin WR, Cronce JM. Effects of alcohol,
gambling  outcomes, impulsivity, and gambling
cognitions on gambling behavior using a video poker

initial

17



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

task. Exp Clin Psychopharmacol.
DOI: 10.1037/pha0000125

105.Sayette MA. The effects of alcohol on emotion in
social drinkers. Behav Res Ther. 2017;88:76—89.
DOI: 10.1016/j.brat.2016.06.005

106. Westman JG, Bujarski S, Ray LA. Impulsivity Moderates
Subjective Responses to Alcohol in Alcohol-Dependent
Individuals.  Alcohol  Alcohol.  2017;52(2):249-55.
DOI: 10.1093/alcalc/agw096

107.Steele CM, Southwick L. Alcohol and social behavior I:
The psychology of drunken excess. J Pers Soc Psychol.
1985;48(1):18-34. DOI: 10.1037//0022-3514.48.1.18

108.Suchankova P, Yan J, Schwandt ML, Stangl BL, Jerlhag E,
Engel JA, Hodgkinson CA, Ramchandani VA, Leggio L. The
Leu72Met Polymorphism of the Prepro-ghrelin Gene is
Associated With Alcohol Consumption and Subjective
Responses to Alcohol: Preliminary Findings. Alcohol
Alcohol. 2017;52(4):425-30. DOI: 10.1093/alcalc/agx021

109. Palmisano M, Pandey SC. Epigenetic mechanisms
of alcoholism and stress-related disorders. Alcohol.
2017;60:7-18. DOI: 10.1016/j.alcohol.2017.01.001

110.Heberlein A, Buscher P, Schuster R, Kleimann A,
Lichtinghagen R, Rhein M, Kornhuber J, Bleich S, Frieling H,
Hillemacher T. Do changes in the BDNF promoter
methylation indicate the risk of alcohol relapse?
Eur Neuropsychopharmacol. 2015;25(11):1892-7.
DOI: 10.1016/j.euroneuro.2015.08.018

111.Dalvie S, Stein DJ, Koenen K, Cardenas V, Cuzen NL,
Ramesar R, Fein G, Brooks SJ. The BDNF p.Val66Met
polymorphism, childhood trauma, and brain volumes

2017;25(3):175-85.

in adolescents with alcohol abuse. BMC Psychiatry.
2014;14:328. DOI: 10.1186/s12888-014-0328-2
112.Mahnke AH, Miranda RC, Homanics GE. Epigenetic
mediators and consequences of
alcohol consumption. Alcohol.
DOI: 10.1016/j.alcohol.2017.02.357
113.Kolik LG, Nadorova AV, Grigorevskikh EM, Sazonova NM,
Gudasheva TA. Anxiolytic action of dipeptide mimetics
of the 2nd BDNF loop in “adult” animals. Bulletin of
Experimental Biology and Medicine. 2024;177(4):466—70.
DOI: 10.47056/0365-9615-2024-177-4-466-470
114.Kolik LG, Nadorova AV, Grigorevskikh EM, Gudasheva TA.
Seredenin SB. Experimental study of the anxiolytic
activity of low-molecular-mass mimetics of the first,
second and fourth loops of brain derived neurotrophic
factor. Eksperimentalnaya i Klinicheskaya Farmakologiya.
2020;83(11):3-7. DOI: 10.30906/0869-2092-2020-83-11-3-7
115.Nadorova AV, Grigorevskikh EM, Tarasiuk AV,
Sazonova NM, Kolik LG. Assessment of pharmacological
safety of a new dipeptide mimetic of the 2nd loop of BDNF
when co-administered with ethanol. Pharmacokinetics
and Pharmacodynamics. 2022;(4):55-61.
DOI: 10.37489/2587-7836-2022-4-55-61
116.Markin PA, Moskaleva NE, Lebedeva SA, Kozin SV,
Grigorevskikh EM, Kolik LG, Gudasheva TA, Appolonova SA.
Pharmacokinetic and neurotransmitter metabolomics
study of GTS-201, a dipeptide mimetic of the brain-derived
neurotropic factor in rats. Journal of Pharmaceutical
and Biomedical Analysis. 2023;223:115125.
DOI: 10.1016/j.jpba.2022.115125

excessive
2017;60:1-6.

AUTHORS

Mikhail S. Khalimanov — student of A.P. Nelyubin
Institute of Pharmacy of Sechenov First Moscow
State Medical University (Sechenov University).
ORCID ID: 0009-0002-2686-4803. E-mail:
misha-khalimanov@mail.ru

Ekaterina M. Grigorevskikh — Senior Lecturer of
the Department of Pharmacology, A.P. Nelyubin Institute
of Pharmacy of Sechenov First Moscow State Medical
University (Sechenov University). ORCID ID: 0000-0002-
4290-4396. E-mail: grigorevskikh_e_m@staff.sechenov.ru

Ksenia A. Zavadich — Candidate of Sciences
(Medicine), Associate Professor of the Department
of Pharmacology, A.P. Nelyubin Institute of Pharmacy
of Sechenov First Moscow State Medical University
(Sechenov University). ORCID ID: 0000-0002-4792-7132.
E-mail: kzavadich@mail.ru

Sergey I. Sologov — student of Sklifosovsky Institute
of Clinical Medicine of Sechenov First Moscow State
Medical University (Sechenov University). ORCID ID:
0009-0001-8420-6852. E-mail: Sergey.sologov@yandex.ru

Daria A. Trashchenkova — Assistant of the Department
of Pharmacology, A.P. Nelyubin Institute of Pharmacy
of Sechenov First Moscow State Medical University

18

(Sechenov University). ORCID ID: 0000-0003-3330-0459.
E-mail: trashchenkova_d_a@staff.sechenov.ru

Kristina A. Tatzhikova — Candidate of Sciences
(Medicine), Associate Professor of the Department
of Pharmacology, A.P. Nelyubin Institute of Pharmacy
of Sechenov First Moscow State Medical University
(Sechenov University). ORCID ID: 0000-0003-3757-8757.
E-mail: tatzhikova_k_a@staff.sechenov.ru

Evgeny V. Polikarpov — Assistant of the Department
of Pharmacology, A.P. Nelyubin Institute of Pharmacy
of Sechenov First Moscow State Medical University
(Sechenov University). ORCID ID: 0000-0001-7001-1918.
E-mail: polikarpov_e_v@staff.sechenov.ru

Susanna S. Sologova — Candidate of Sciences
(Biology), Associate Professor, Head of the
educational part of the Department of Pharmacology,
A.P. Nelyubin Institute of Pharmacy of Sechenov
First Moscow State Medical University (Sechenov
University). ORCID ID: 0000-0002-8526-7147. E-mail:
sologova_s_s@staff.sechenov.ru

Dmitry A. Kudlai — Doctor of Sciences (Medicine),
Professor of the Department of Pharmacology,
A.P. Nelyubin Institute of Pharmacy of Sechenov First

Volume XllI, Issue 1, 2025



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30PbI
DOI: 10.19163/2307-9266-2025-13-1-4-19

Moscow State Medical University (Sechenov University);
Corresponding Member of the Russian Academy of
Sciences. ORCID ID: 0000-0003-1878-4467. E-mail:
kudlay_d_a@staff.sechenov.ru

Elena A. Smolyarchuk — Candidate of Sciences

Tom 13, Beinyck 1, 2025

(Medicine), Associate Professor of the Department
of Pharmacology, A.P. Nelyubin Bauman Institute of
Pharmacy of Sechenov First Moscow State Medical
University (Sechenov University). ORCID ID: 0000-0002-
2615-7167. E-mail: smolyarchuk_e_a@staff.sechenov.ru

19



REVIEWS Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

A oreoriorpaes | [

A rational approach to dose reduction of CDK4/6 inhibitors
in the treatment of patients with advanced breast cancer:
a Narrative Review

I.N. Dyakov*?, S.K. Zyryanov3*

1Scientific and Practical Center for the Study of Problems

of Rational Pharmacotherapy and Pharmacoeconomics,

12 Podjyomnaya Str., bldg 1, Moscow, Russia, 109052
2Mechnikov Scientific Research Institute for Vaccines and Sera,
5A Maly Kazenniy Lane, Moscow, Russia, 105064

3Peoples’ Friendship University (RUDN University),

6 Miklukho-Maklaya Str., Moscow, Russia, 117198

4City Clinical Hospital No. 24,

10 Pistsovaya Str., Moscow, Russia, 127015

E-mail: dyakov.ilya@npcpharmec.ru

Received 03 Jan 2024 After peer review 28 Feb 2024 Accepted 03 March 2024

The use of CDK4/6 inhibitors in the treatment of HR*/HER2" breast cancer (BC) has become increasingly widespread in recent
years. When assessing the safety of CDK4/6 inhibitors, it was found that during therapy, a significant number of patients
require a reduction in the initial dose of the drug due to adverse events (dose reduction), but publications summarizing such
data are absent. At the same time, the time to dose reduction and its stages can significantly affect the organization of drug
supply for patients with drugs of this group, having an economic and administrative effect on the healthcare system. In this
regard, a review of the results of the use of CDK4/6 inhibitors presented in the literature, describing the features of dose
reduction, is timely and relevant.

The aim. To conduct a literature review in order to summarize and systematize the results of the use of CDK4/6 inhibitors,
describing the features of dose reduction.

Materials and methods. The literature search was carried out in the MedLine (PubMed) and Google Scholar databases
from January 2016 to January 2024. The literature search was carried out using the following search queries: “ribociclib
OR palbociclib OR abemaciclib” AND “breast cancer and randomized clinical trial”, “CDK4/6 inhibitors OR cyclin-dependent
kinase 4/6 inhibitors” AND “metastatic breast cancer” AND “real-world” AND “dose Intensity OR dose reduction”. As a result
of the search, 384 publications were found, and 15 publications were included in the final analysis. Data on dose reduction
were systematized according to the following criteria: the proportion of patients who underwent the first and, if available,
the second reduction, the time to dose reduction, and the intensity of dosing.

Results. Analysis of data from randomized clinical trials showed that a dose reduction was required in 31.8-57.4%
of patients using CDK4/6 inhibitors. At the same time, the second dose reduction was carried out in 17.4—40% of patients.
The median time to the first stage of reduction ranged from 1.2 to 3.2 months. The median relative dose intensity ranged
from 66.3 to 93.0%. According to the results of the analysis of real clinical practice data, dose reduction was carried out in
28.1-59.1% of patients. At the same time, the first stage of reduction was carried out at 1-3 months of therapy, and the
second at 4-17 months from the start of treatment.

Conclusion. A literature review was conducted to systematize the results of the use of CDK4/6 inhibitors, describing the
features of dose reduction. Approximately up to 60% of patients need a dose reduction, regardless of the selected CDK4/6
inhibitor. Data on the frequency and time to dose reduction vary; therefore, the need for reduction in an individual patient
may arise at any time, which may complicate the process of planning the provision of anti-tumor therapy drugs.

Keywords: HR*/HER2~; breast cancer; CDK4/6 inhibitor; abemaciclib; palbociclib; ribociclib; dose reduction

Abbreviations: BC — breast cancer; HR — hormone receptor; HER2 — human epidermal growth factor receptor 2; EGFR —
epidermal growth factor receptor; RCT — randomized clinical trial; CDK — D-cyclin-dependent kinase; Rb — retinoblastoma.
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MpumeHeHne uHrMbuTopos CDK4/6 npu nedenmn HR*/HER2™ paka mosnouHoi skenesbl (PMX) B nocneaHue rogpl
nonyyaet Bce 6onbluee pacnpocTpaHeHune. MNpu oueHke 6esonacHocTM MHTMEMTOPOB CDK4/6 6bi10 YCTaHOBAEHO, YTO B
npotiecce Tepanuu 3HaYUTENbHOMY YMCAY NALIMEHTOB TPeOYeTCA CHUMKEeHWe nepBOHaYaNbHOWM [03bl MpenapaTta B CBA3M C
HeXenatenbHbIMKU ABNEHUAMM (peayKuma fo3bl). OgHako nybavKaumm, obobuiatolme Takme AaHHble OTCYTCTBYOT. Mpu
3TOM BpemsaA A0 peayKuuMu A03bl, ee 3TanHOCTb, MOTYT 3HAaYUTENbHO BAMATb Ha NMPOLECC OPraHW3aLun NeKapCcTBEHHOIO
obecneyeHnn NaLMeHTOB NpernapaTamm 3TOM rpynmnbl, OKa3biBas IKOHOMUYECKUIA U AAMUHUCTPATUBHbIN 3DDEKT Ha cucTemy
34paBoOOXpaHeHna. B cBA3M c 3TMM, nposegeHve 0630pa MpPeAcTaBNeHHbIX B /IMTepaType pPe3ynbTaToB NPUMEHeHUA
MHrMbutopos CDK4/6, onucbiBatowmx 0CO6EHHOCTM CHUMKEHWA 403bl, CBOEBPEMEHHO M aKTyasibHO.

Lienb. MpoBectn 0630p AuTepaTypbl C Lenbto 0606WeHNs U cucTemaTmM3aLMm pesynbTaToB NPUMEHEHUA UHIMBUTOPOB
CDK4/6, onucbiBatoumx 0cobeHHOCTU peayKLuun A03bl.

Martepuanbl U metogbl. MoOUCK InMTepaTypbl NpoBoamaca B 6asax AaHHbix MedLine (PubMed) n Google Scholar ¢ aHBapsa
2016 no sHBapb 2024 roaa. /IntepaTtypHbI NOUCK Bbl1 NPOBEAEH NO C/IeAyoLLIMM MOMCKOBLIM 3anpocam: «ribociclib OR palbociclib
OR abemaciclib» AND «breast cancer and randomized clinical trial», «CDK4/6 inhibitors OR cyclin-dependent kinase
4/6 inhibitors» AND «metastatic breast cancer» AND «real-world» AND «dose Intensity OR dose reduction». B pe3ynbrate
noucka 6b110 HangeHo 384 nybaukaumm, B GUHaANbHbLIN aHanv3 nonann 15 nybamkaumii. CucTeMaTM3aumio AaHHbIX O
peayKuum 003 NPOBOAWIM MO CAEAYIOWMM KPUTEPUAM: AONA NALMEHTOB, KOTOPbIM BbIMONHEHA NEpPBas U, MPU HaUYUN,
BTOpas peAyKuusa, Bpemsa 40 peayKumn A03bl, UHTEHCUMBHOCTb A03UPOBAHMA.

Pe3ynbtatbl. AHanM3 [AaHHbIX PaHAOMMU3IUPOBAHHBIX KAWMHWYECKUX WCCNEA0BAHUIM MOKas3aa, UYTO CHWUMKEHMEe [03bl
notpebosanocb 31,8-57,4% naumeHtam npu NpUMeHeHun nHrnbutopos CDK4/6. Mpu atom 17,4-40% naumeHTam 6b110
npoBeAeHO BTOPOe CHUXeHue ao03bl. MeanaHHoe Bpems OO NepBOro sTanma peaykuum coctasuno ot 1,2 pno 3,2 mec.
MepgunaHa oTHocUTeNbHOW 3GPEKTUBHOCTU A03bl HaxoamMnacb B UHTepBase oT 66,3 go 93,0%. Mo pesynbtatam aHanusa
[aHHbIX peasibHOM KAMHUYECKoN NpakTukm — 28,1-59,1% nauneHtam b6bina nposeaeHa peaykuma fo3bl. Mpu sTom nepsbii
3Tan peayKuMu ocyLLecTBAANACA Ha 1—3 mec. Tepanuu, a BTOpo — Ha 4—17 mec. C MOMEHTa Hayasia NeyeHus.

3aknoueHue. lNposeaéH o630p AuTepaTypbl A4 CUCTEMATM3aUMM Pes3y/abTaToB NpUMeHeHua WHrnbutopos CDK4/6,
OMNUCbIBaOLWLMX 0COBEHHOCTM peayKunm ao3bl. MpumepHo Ao 60% NaLMEeHTOB HYXKAAIOTCA B MPOBEAEHUN pPeayKLuMn 403bl
BHE 3aBMCMMOCTM OT Bbl6paHHOro MHrMbUTOpa CDK4/6. [daHHble O YacToTe M BPEMEHW A0 CHUMKEHWA A403bl PasHATCA,
cnepoBaTe/ibHO, HEOOXOAMMOCTb PefyKUMM Y OTAENbHOrO MaLMeHTa MOXKET BO3HUKHYTb B 11060 MOMEHT, YTO MOMKeT
3aTPYyAHATb NPOLECC NIAHUPOBAHMA obecneyeHma npenapaTamm NPOTUBOONYXOAEBOM Tepanuu.

Kniouesble cnosa: HR*/HER2; pak mosiouHOM Kenesbl; nHrmbutop CDK4/6; abemaumkamb; nanbounknmb; puboumnknmb;
peaykuma 4o3bl

Cnucok cokpaieHuit: PMM — pak monoyHoi kenesbl; HR — peuenTtop ropmoHa; HER2 — peuentop anuaepmanbHOro
¢dakTopa pocta, TMn 2; EGFR — peuenTtop anuaepmanbHoro gaktopa pocrta; PKU — paHooMM3MpoOBaHHOE KAMHUYECKOEe
uccneposaHue; CDK — D-UMKNUH-3aBUCUMMAn KMHA3a; Rb — peTuHobnacTtoma.

INTRODUCTION

Most cases (approximately 70%) of breast
cancer (BC) worldwide are positive for hormonal
receptor and/or progesterone receptor (HR) expression
and do not express human epidermal growth factor
receptor 2 (HER2), i.e., have the HR*/HER2™ phenotype® [1].

! National Cancer Institute. SEER. Cancer Stat Facts: Female Breast
Cancer Subtypes. Available from: https://seer.cancer.gov/statfacts/
html/breast-subtypes.html.
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Although blocking signaling from epidermal growth factor
receptors (EGFR) is a base of HR*/HER2™ BC treatment,
many patients develop resistance to endocrine
therapy. This resistance is difficult to overcome and
is associated with a negative prognosis [2-4]. A
number of mechanisms are involved in the development
of resistance to endocrine therapy, including changes in
cell cycle checkpoints. For example, regulation of cyclin
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D-cyclin-dependent kinase (CDK) 4/6 with INK4 proteins
and the retinoblastoma (Rb) pathway (CDK4/6-INK4-Rb),
which affects cell proliferation, is often impaired in HR*
BC and other types of cancer [5-7]. Constant expression
of cyclin D1 and phosphorylation of Rb support the
use of CDK4/6 inhibitors in HR* BC [8]. Inhibition of
the CDK4/6-INK4-Rb pathway along with endocrine
therapy may be effective in patients with HR*/HER2™ BC
compared with endocrine therapy alone. Currently,
three selective CDK4/6 inhibitors are registered in
the Russian Federation: ribociclib, palbociclib, and
abemaciclib [9]. Differences between these drugs
include, above all, dosing regimens (ribociclib and
palbociclib are used once daily for 3 weeks with a
1-week break, abemaciclib twice daily) and different
selectivity for CDK4 compared to CDK6, which has been
shown in some preclinical studies [10-13].

When assessing the safety of CDK4/6 inhibitors,
it was found that during therapy, a significant number
of patients require a reduction in the initial dose of
the drug (reduction, dose modification) due to the
occurrence of various adverse events [14, 15]. Unlike
reducing the frequency of the required dose, reduction
allows managing drug toxicity while maintaining the
effectiveness of therapy and adherence to treatment [14,
16]. At the same time, the time to dose reduction and
its stages can significantly affect the organization of
drug supply for patients with drugs of this class, having an
economic and administrative impact on the healthcare
system. In this regard, an actual question is the
analysis of the data available in the literature on the
features of dose reduction when using drugs of this
group.

THE AIM. To conduct a literature review to
systematize the results of the use of CDK4/6 inhibitors,
describing the features of dose reduction of drugs.

MATERIALS AND METHODS
A literature search was conducted in the MedLine
(PubMed) and Google Scholar databases from 2016
to January 2024. The literature search was carried out
using the following search queries:
For PubMed, the following filters were used: “since
2016”, “English language”, “preprints excluded”.
e (ribociclib OR palbociclib OR abemaciclib) AND
breast cancer AND randomized clinical trial;
e (CDK4/6 inhibitors OR cyclin-dependent kinase
4/6 inhibitors) AND (metastatic breast cancer)
AND real-world AND (dose Intensity OR dose
reduction);
For Google Scholar, the filter “from 2016” was used.
e  (CDK4/6 inhibitors OR cyclin-dependent kinase
4/6 inhibitors, metastatic breast cancer, real-world
data, (dose intensity OR dose reduction).

22

A search for real-world clinical practice studies was
additionally carried out in the Google Scholar system
due to the frequent lack of their indexing in PubMed.

The literature search and preparation of the review
were carried out in accordance with the PRISMA
methodology?.

It is worth noting that randomized clinical trials (RCTs)
are currently the “gold standard” for assessing
the clinical efficacy and safety of drugs [17, 18].
Despite the limitations due to the design of RCTs,
such as strict inclusion and exclusion criteria for patients
in the study population, the inability to assess the
long-term consequences of the therapy under
study, and systematic errors, the homogeneity of the
data obtained in them is significantly higher than that
of real-world clinical practice data (electronic medical
records, registers, prescription data and reports of
adverse events, data obtained from patients, data from
mobile applications and wearable devices, etc.). In this
regard, preference was given to RCTs in the selection
of publications. However, RCTs that allow simultaneous
comparison of all three CDK4/6 inhibitors in terms
of frequency, duration, and proportion of patients
requiring dose reduction are not available. Therefore,
real-world clinical practice data cannot be neglected,
because, of course, they should be taken into account
as a supplement to RCTs [19].

Article and data selection was carried out
independently by two researchers. Disagreements
were resolved through discussion. Studies that met
the following criteria were excluded:

e Therapy for another nosology against the

background of CDK4/6 inhibitors;

e Line of therapy after discontinuation of CDK4/6
inhibitors;

e Use of CDK4/6 inhibitors as part of neoadjuvant
therapy;

e Use of CDK4/6 inhibitors in combination with
immunobiological drugs;

e Works that do not contain quantitative
information about dose reduction (intensity,
time to reduction, proportion).

Inclusion criteria were:

e C(linical trials and real-world clinical practice
studies evaluating the use of CDK4/6 inhibitors
in the treatment of patients with metastatic
HR*/HER2™ advanced breast cancer;

e C(linical trials and real-world clinical practice
studies evaluating dose reduction or dose
intensity of CDK4/6 inhibitors used;

2 The PRISMA2020 statement: An updated guideline for reporting
systematic reviews. Available from: https://www.equator-network.
org/reporting-guidelines/prisma/
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e Real-world clinical practice studies including all
three CDK4/6 inhibitors (ribociclib, palbociclib,
and abemaciclib).

Suitable data extraction, met the inclusion criteria,
was carried out independently by two authors. The
following information was extracted: name, surname
and initials of the first author, year of publication,
journal, type of study, patient condition, age and
number of patients, treatment regimen, response to
therapy, study design, as well as data on dose reduction
(proportion of patients who underwent the first and,
if available, second reduction, time to dose reduction,
dosing intensity). The data obtained were combined
without quantitative synthesis of the results of individual
homogeneous studies using meta-analysis) [22].

Quantitative data on dose reductions were extracted
together with confidence intervals (Cl), minimum
and maximum data values where this information is
presented, however, Cls were not applicable to the
proportions of patients who underwent reduction
because the proportion of patients is not an average
value.

Figure 1 shows a diagram reflecting the publication
search strategy.

Publications systematizing data on dose reduction
for all three CDK4/6 inhibitors were not found. In this
regard, a summary of the data currently available in the
literature on this issue is presented below, and potential
problems related to adherence to therapy are also
discussed.

RESULTS

Data on dose modification presented in RCTs are
summarized in Table 1.

In extensive large-scale studies PALOMA-2 and
PALOMA-3, the dose reduction of palbociclib is
initially carried out from 125 to 100 mg, at the second
stage — from 100 mg to 75 mg. In postmenopausal
patients, according to PALOMA-2, the median relative
dose intensity was 93% in the palbociclib group, and
a reduction was required for 39.4% of patients. At the
same time, the median time to the first dose reduction
was 3.2 months. (1-28 months). A second reduction
was necessary for 36% of patients [13, 20, 21]. A
detailed analysis of the PALOMA-3 study [21, 23]
showed that the median relative dose intensity was
comparable to the data in PALOMA-2 and amounted to
89.8%, for placebo — 100%. In the palbociclib group,
42.3% in pre- and 31.8% of postmenopausal patients
required a dose reduction. Among patients who had
only one dose reduction, the median time to reduction
was 57.0 days (from 125 to 100 mg) and 36.0 days

Tom 13, Beinyck 1, 2025

(from 125 to 75 mg). In patients who underwent
two dose reductions, the average time to the first
reduction was 33.5 days (from 125 to 100 mg), and
the average time to the second was 119.5 days (from
100 to 75 mg). Among patients in the palbociclib
group who had at least one dose reduction, only
31% received treatment at a dose of 100 mg
and 9% — 75 mg [22]. Thus, according to the results of
clinical studies of palbociclib, dose reduction was required
in an average of 39.4-42.3% of patients. According to
the combined analysis of J. Ettl et al. [21], which included
the results of palbociclib studies PALOMA-1, -2, -3,
413 patients out of 875 (47.2%) required a dose
reduction. At the same time, a second dose reduction
was required for 105 out of 413 patients (24.4%). The
median time to the first dose reduction in the combined
analysis was 70 days (interval 15.0-1269.0 days).
The median time to the second dose reduction was
106.0 days (interval 29.0-699.0 days). [21] The wide
range of time to reduction may indicate that the
occurrence of such a need depends on the individual
characteristics of patients and cannot be predicted in
advance.

Abemaciclib dose reduction is described in the
MONARCH-2 and MONARCH-3 studies and was required
in 42.9 and 43.6% of patients, respectively. The first
reduction was carried out from 150 to 100 mg, and the
second from 100 to 50 mg [24, 25]. The median relative
dose intensity was 86% for abemaciclib and 98% for
the placebo group [25]. With a median follow-up of
17.8 months, the median number of cycles of therapy
received in the abemaciclib group was 16, in the placebo
group — 15 cycles [25]. Data on the time to the onset
of the first and second dose modification, as well as
the distribution of patients between them — were
absent. According to the combined analysis of
M.P. Goetz et al. [26], which includes the results of
abemaciclib studies MONARCH 2 and -3, 42.7% of
patients (under 65 years of age), 55.4% of patients
(from 65 to 75 years of age) and 55.4% of patients (over
75 years of age) required dose reductions.

The MONALEESA-2, MONALEESA-3, and
MONALEESA-7 studies describe data on dose reduction
with ribociclib in a total of 1153 patients. The first
reduction was from 600 to 400 mg/day, and the second
was from 400 to 200 mg/day. Dose reduction was
independent of age and ECOG (Eastern Cooperative
Oncology Group) performance status. The exception
is patients in the Asian population, among whom
the proportion of patients who required a dose
reduction was higher than that of patients without
dose reduction in the MONALEESA-3 and -7 studies
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(MONALEESA-3 — 16.3 and 7.5%; MONALEESA-7 —
40.7 and 28.4%, respectively). In the MONALEESA-2
study, the median relative dose intensity for the
ribociclib group was 65.6%, and for the placebo group —
99.3% [14]. Dose reduction was required in 57.4% of
patients in the ribociclib group. Moreover, a second dose
reduction was required in 40% of patients. The median
time to the first dose reduction was 3 months [14]. In the
MONALEESA-3 study, the median relative dose intensity
for the ribociclib group was 67.8%, and for the placebo
group — 99.7% [14]. Dose reduction was required in
38.7% of patients in the ribociclib group. Moreover, a
second dose reduction was required in 17.4% of patients.
The median time to the first dose reduction was 2.8
months [14]. In the MONALEESA-7 study, dose reduction
was required in 37% of patients in the ribociclib group.
Moreover, a second dose reduction was required in
27.5% of patients. The median time to the first dose
reduction was 2.2 months [14]. Thus, according to the
results of clinical studies of ribociclib, dose reduction
was required in 38.7-57.4% of patients, which averages
45.8% [14]. Among patients who required a dose
reduction of ribociclib, the majority are those patients
who required a single reduction (257 out of 375 —
68.5%). The average time to the first dose reduction
of ribociclib from the start of the study ranged from 2
to 3 months and generally corresponded in all three
studies (MONALEESA-2 — 3.0 months, MONALEESA-3 —
2.8 months, MONALEESA-7 — 2.2 months).

The above data from RCTs and pooled analyses are
confirmed by the results of routine practice studies. It
should be noted that a significant number of patients
receiving CDK4/6 inhibitors required a dose reduction
due to toxicity (38.7-57.4%). The results of the dose
reduction analysis in real-world clinical practice studies
are reflected in Table 2. RCTs are certainly the “gold
standard” in terms of the homogeneity of the data
obtained, but the above-mentioned studies did not
conduct a direct comparison between different drugs
in this class. In addition, more detailed data related to
dose reduction were not published. Thus, the analysis
of real-world clinical practice studies included only
those studies in which data for all three drugs in this
class — abemaciclib, palbociclib, ribociclib — were
simultaneously present, as well as studies in which
information on the time to the second dose reduction
was provided.

Summarizing the results of real-world clinical
practice studies, dose reduction was required
in 28.1-57.1% of patients receiving CDK4/6 inhibitors.
The time to the first dose reduction ranged from 1
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to 3 months, and the time to the second reduction
ranged from 4 to 17 months from the start of therapy.
The mean relative dose intensity (where it was taken
into account) ranged from 0.8 to 0.83.

DISCUSSION

Thus, the need for dose reduction is an urgent fact
in a significant proportion of patients (28.1-57.4%)
receiving drugs of this class, regardless of menopausal
status [14, 30]. Despite the fact that the drug class is
well studied, detailed data on dose reduction are rarely
found in publications. The few data on the time to dose
reduction in RCTs and real-world clinical practice studies
have a wide range of values (from 1 month to several
years) [14, 30].). At the same time, it is impossible to
predict when and in what volume a dose reduction
will be required for a particular patient. When starting
therapy for patients with drugs in this group, you need
to be prepared for the need to reduce the dose at any
stage of therapy. A complex dose reduction system can
create additional problems when correcting therapy
for HR*/HER2™ breast cancer with CDK4/6 inhibitors. It
should be noted that only ribociclib has a dose reduction
step of 200 mg, which corresponds to the dosage
of the drug, i.e., allows it to be carried out by reducing
the dose by one dose [14] (Fig. 2).

For the other two drugs — abemaciclib and
palbociclib — dose reduction requires prescribing the
drug in a different dosage, which may lead to a decrease
in adherence to therapy and depends on the availability
of specific drug dosages in the drug supply system [33].
Moreover, the pharmacokinetic parameters of the
drugs may further limit the selection of dosages: the
absorption process of abemaciclib is obviously saturable,
as a result of which a reduction in the daily dose due
to taking large doses once a day, instead of twice a day
of a reduced dose, may lead to a violation of the
therapeutic concentration of the drug in the blood.
The conclusion about the undesirability of prescribing
abemaciclib once a day is confirmed by the results of
mathematical modeling [34]. The relevance of these
issues is due to differences in drug dosing regimens. For
example, dose reduction of abemaciclib is carried out
according to the following scheme: 150->100->50 mg. At
the same time, the drug is available in all these dosages.
A similar picture is characteristic of palbociclib: dose
reduction 125->100->75 mg with the same available
dosages®. Dose reduction for ribociclib is carried out
according to the scheme 600-> 400->200 mg with a
single dosage of 200 mg (see Fig. 2).

3 General characteristics of the drug palbociclib. Available from:
https://Ik.regmed.ru/Register/EAEU_SmPC
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Publications excluded from the analysis of titles and

abstracts:

e Duplicates: 14

® Review articles: 68

e Therapy for other nosologies while using CDK4/6
inhibitors: 9

* Subsequent lines of therapy after CDK4/6 inhibitor
discontinuation: 21

e Use of CDK4/6 inhibitors in neoadjuvant therapy: 36

e Use of CDK4/6 inhibitors in combination with
immunobiological drugs: 10

¢ Real-world clinical practice studies that did not include
all 3 CDK4/6 inhibitors: 63

Publications obtained from database searches:
e Pubmed: 204

® Google Scholar: 180

Number of publications: 384

Y

Y

Full texts of articles assessed for inclusion: 163

Publications excluded from the analysis of full texts

» of articles:
e Studies not containing quantitative information
Y on dose reduction (dose intensity, time to dose
reduction, proportion of patients who underwent
Publications included in the final analysis: 15 dose reduction): 148

¢ Randomized clinical trials: 8
¢ Real-world clinical practice studies: 7

Figure 1 — Publication search strategy.

Table 1 — Dose reduction data extracted from randomized clinical trials

Proportion Median Proportion of
of patients time to patients with Median relative dose
RCT Drug and control Endocrine Menopausal with dose first dose  asecond dose intensity, % (min—
[reference] group, (abs.) partner status reduction, %  reduction, reduction,% max),
(number of months (number of  drug/ placebo®
patients)* (min—max) patients)?
PALOMA-2 Palbociclib (444) Letrozole  Post- 39.4% 3.2 (1-28) 36 %) 93.0 (40-110)
[13,20,21]  Placebo (222) (175/444) (63/175) 99.6 (56-105)
o Fulvestrant Pre- 42.3% (30/71) 1.2 4.3 89.8 (22-107)
PALOMA-3 Palbociclib (347) y S 100 (80-100)
[21-23] Placebo (174) Post 31.8%
(87/274)
MONARCH-2  Abemaciclib (446) Fulvestrant Pre- 42.9% nd nd nd
[24] Placebo (223) Post- (189/441)3
MONARCH-3  Abemaciclib (328) Anastrozole Pre- 43.6% nd nd 86%
[25] Placebo (165) or letrozole (142/326) 98%
MONALEESA-2 Ribociclib (334)  Letrozole  Post- 57.4% 3.0 40% (77/192) 65.6% (31.4-99.8%)
[14] Palbociclib (334) (192/334) 99.3% (50.0-111.9%)
MONALEESA-3 Ribociclib (484)  Fulvestrant Post- 38.7% 2.8 17.4% (16/92) 67.8% (34.7-99.7%)
[15] Fulvestrant (242) (92/238) 98.4% (65.9-131.8%)
Tamoxifen  Pre- 37% (91/246)* 2.2 27.5% (25/91) 66.3% (27.9-98.6%)
MONALEESA-7 Ribociclib (335)  or letrozole 98.0% (57.1-104.8%)
[14] Placebo (337) or

anastrozole

Note: RCT — randomized clinical trial; * — data is presented in the format — the number of patients who underwent one or more dose reductions
and the number of patients who participated in the final data analysis (may not coincide with the total number of randomized patients); 2 — data
is presented in the format — the number of patients who underwent a second dose reduction and the number of patients who underwent one or
more dose reductions;® — the study included patients with both pre- and post-menopause (however, the results do not contain data for each of
the subgroups;* — the tamoxifen cohort was excluded from the analysis, since the combination with tamoxifen is not registered; > — the median
relative intensity was calculated as — dose, per patient, divided by the number of days of administration and multiplied by the recommended
dosage of the drug.
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Table 2 — Multicenter retrospective real-world clinical practice studies

First . Dose reduction data*
Number of patients,
author, year L - G
menopausal status Palbociclib Abemaciclib Ribociclib
[reference]
G. Gullick, 666, pre- and 289/537 (53.8%) 50/85 (58.8%) 26/44 (59.1%)
2024 [27] postmenopausal e  Median cycle number ¢  Median cycle number ¢  Median cycle number
of first dose reduction, of first dose reduction, of first dose reduction,
n (min—max) — 3 (1-63) n (min—max) — 3 (1-11) n (min—max) — 2 (1-37)
M. Cejuela, 206, pre- and 50/96 (52.1%) 30/56 (53.6%) 28/54 (51.9%)
2024 [28] postmenopausal
M.M. Queiroz, 142, menopausal  34/79 (43%) 12/21 (57.1%) 18/42 (42.9%)
2023 [29] status not specified ¢  Time to first reduction e  Time to first reduction e  Time to first reduction

(Me1SD) — 318

e  Time to second
reduction (MexSD) —
615.14

(Me1SD) — 1£2.8
e Time to first reduction
(Me+SD) — 17+1.44

(Me1SD) — 245.9
e Time to first reduction
(Me+SD) — 4+1.54

P. Fedele, 2024 158, menopausal  16/57 (28.1%)

19/48 (39.6%)

15/53 (28.3%)

[30] status not specified

L. Siljander, 2572, menopausal Total 1811 Total 91 Total 670

20224 status not specified Mean relative dose Mean relative dose Mean relative dose
intensity? — 0.83 intensity — 0.82 intensity — 0.80

S. Palladino, 3647, post- and nd/2627 (35%) nd/291 (44.7%) nd/729 (22.1%)

2023 [31] premenopausal

K.B. Kristensen, 128, post- and nd nd 60/128 (46.8%)

2021 [32] premenopausal e  Patients with a second

dose reduction —
17/60 (28.3 %)3

e  Time to first reduction,
Me [min—max] —
2.2 [0.9-17.3] months

e Time to second reduction
Me [min—-max] -
6.5[1.8-17.5]5

Note: ! — dose reduction data is presented in the format — number of patients who underwent dose reduction and the total number of patients;
2 — time to second reduction is counted from the start of patient observation; > — mean relative dose intensity was calculated as the quotient
of the total dose calculated for all patients, divided by the number of days of drug administration, multiplied by the recommended dosage of the
drug; ¢ — data on the second dose reduction is presented in the format — number of patients who underwent the second dose reduction and the
number of patients who underwent dose reduction; ®* — time to second reduction is counted from the start of patient’s observation.

Thus, if the dose reduction of ribociclib is multiple
and involves reducing the number of tablets with the
same dosage per administration, then for abemaciclib
and palbociclib, dose reduction requires the use of
a new drug package (with a lower dosage®). It should be
noted that for abemaciclib, in the absence of a dosage
for the first dose reduction (100 mg), it can be
compensated by taking two 50 mg tablets, which
will increase costs, but the therapy regimen will not

4 Siljander L, Hornemann AT, Mgller AH. Real-world relative dose
intensity in patients with advanced or metastatic breast cancer treated
with cyclin-dependent kinase (CDK) 4/6 inhibitors in Sweden. Presented
at the ISPOR Europe Congress 2022, Vienna, Austria and Virtual,
6-9 November 2022. Available from: https://www.ispor.org/
docs/default-source/euro2022/isporeusiljander-pdf.pdf?sfvrsn=
4e493646_0

5 General characteristics of the drug ribociclib. Available from: https://
Ik.regmed.ru/Register/EAEU_SmPC

26

be violated®. In the case of palbociclib, the lack of
the required dosage will lead to the cancellation
of therapy.

Considering the existing limitations in providing
the patient with drugs for anticancer therapy, their
availability in the required dosages at any given time
may be difficult. Excessive wait time of the patient
for the required dosage, or even refusal to take the
drug in the initial dosage due to adverse events, or
violation of the administration regimen (frequency,
rate, etc.) reduces the therapy efficiency. Under this
circumstance, the presence of only one dosage in a
drug such as ribociclib and the reduction of its dose

5The State Register of Medicines of the Russian Federation. Instructions
for the medical use of the drug abemaciclib. Available from:
https://grls.minzdrav.gov.ru/Grls_View_v2.aspx?routingGuid=
ca56c862-7110-4a8f-ad46-ech8008f14f0
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Available drug dosages
Ribociclib Palbociclib *
@ 200 mg @125 mg @) 150 mg
@100 mg @D 75 mg @ 100 mg @ 50 mg
Recommended starting dose
' Y f 3
2103, O @
600 mg 125 mg 125 mg
once daily once daily 2 times daily
. .
First
' dose reduction ‘
o N )
)%, @
400 mg 100 mg New 100 mg New
once daily once daily packaging twice daily packaging
. .
Second
‘ dose reduction ‘
' N ™
@ ) @
200 mg 75 mg New 50 mg New
once daily once daily packaging twice daily packaging
- 7

Figure 2 — Use of available dosages of CDK4/6 inhibitors during dose reduction.
Note: * for abemaciclib, the dosing regimen is shown for combining therapy.

by reducing the number of tablets per administration
gives it a significant advantage over other CDK4/6
inhibitors in terms of patient adherence to therapy
throughout the entire treatment period.

Limitations of the review

Among real-world clinical practice studies,
only those studies that included all three CDK4/6
inhibitors — ribociclib, palbociclib, and abemaciclib —
were selected. This limitation was introduced to
ensure data comparability and focus on modern
treatment standards for hormone receptor-positive,
HER2-negative metastatic breast cancer, where these
three drugs are the main therapeutic options. It is
important to note that a significant portion of the
studies do not contain detailed quantitative data
on dose reduction, despite the fact that the fact
of reduction in some patients is indicated in our
publication. Variability in approaches to reporting dose
reduction data (for example, methods for calculating
relative dose intensity or heterogeneity of time intervals
for assessing time to reduction) can make it difficult
to standardize and compare results between studies.
This variability may be due to differences in clinical
protocols and patient characteristics, which limits
the possibilities for quantitative data synthesis and
increases the risk of ambiguity in the interpretation of
results.

Tom 13, Beinyck 1, 2025

CONCLUSION

An analysis of data on dose reduction of CDK4/6
inhibitors in the treatment of HR*/HER2™ breast cancer,
published based on the results of RCTs, as well as
real-world clinical practice studies, showed that dose
reduction is the only way to manage adverse events
and is often required by more than half of patients,
regardless of the drug chosen. The limited availability
of data on the time of onset of the first and second
dose reductions, as well as the wide range of values,
makes it difficult to predict its necessity in advance,
and therefore complicates the process of planning
and organizing drug supply. Therefore, from the point
of view of rational pharmacotherapy, justifying the
choice of a specific drug of this class requires a
comprehensive analysis of clinical efficacy indicators,
pharmacokinetic parameters, as well as administration
features, taking into account the specifics of the
healthcare system. A complex process of providing
medicines can lead to limited availability of individual
drug dosages, which in turn, for example, when a
CDK4/6 inhibitor dose reduction is necessary, can
lead to a significant decrease in patient adherence
to therapy and, accordingly, its effectiveness. In this
regard, the presence of a single dosage of ribociclib
eliminates potential problems with changing the
drug package if a dose reduction is necessary. Based
on this, it is necessary to be guided by the principles of
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rational pharmacotherapy and take into account not only
the clinical effectiveness of drugs and their tolerability

by patients, but also the availability of the entire range
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The aim. To study possible allergenic and immunotoxic properties of the recombinant non-immunogenic staphylokinase
molecule with the amino acids replacement Lys_,, Glu__and Arg__ with alanine in preclinical and clinical studies.

Materials and methods. The allergenic and immunotoxic properties of the recombinant non-immunogenic staphylokinase
drug were studied using standard methods in accordance with the Guidelines for the Preclinical Study of New Substances in
guinea pigs (n=15) and mice (n=45) at doses 5, 10 and 20 times higher than therapeutic (for humans). A clinical study was
conducted in 100 patients with acute ST-segment elevation myocardial infarction after a single intravenous injection of the
drug. The study included the determination of titers of specific antibodies to recombinant non-immunogenic staphylokinase
and the study of plasma neutralizing activity.

Results. During the complete set of preclinical studies, it was found that the drug does not affect the cellular and humoral
immune response in guinea pigs and mice at doses many times higher than therapeutic doses for humans. It was found
that the drug did not cause an immediate-type of hypersensitivity reaction (Weigle index 0) and a delayed type IV (0 points
according to S.V. Suvorov) in guinea pigs, did not affect the cellular capacity of popliteal lymph nodes (reaction index 0.91),
did not affect the number of nucleated and antibody-forming cells in the spleen of mice. As a result of a clinical study
of recombinant non-immunogenic staphylokinase, no allergic reactions were registered. Assessment of the neutralizing
activity of the plasma of patients who were administered recombinant non-immunogenic staphylokinase showed that 70%
samples did not have neutralizing activity: 30% of the patients’” samples were characterized by a minimum neutralizing
activity of 0.33+0.02 pg/mL, which is 30-310 times lower than after the use of native staphylokinase. These values are
7.8 times lower than the determined concentration of recombinant non-immunogenic staphylokinase in the blood
(2.59 pg/mL). Thus, the drug does not lead to the anti-staphylokinase neutralizing antibodies formation capable to neutralize
its effect upon repeated administration.

Conclusion. According to the results of the trials, the absence of allergenic and immunotoxic properties of the recombinant
non-immunogenic staphylokinase and its safety in relation to the immune system have been proven.

Keywords: thrombolysis; recombinant non-immunogenic staphylokinase; allergy; immunotoxic studies

Abbreviations: AFC — antibody-forming cells; IL — interleukin; STEMI — acute ST-segment elevation myocardial infarction;
PE — pulmonary embolism; RE — ram erythrocytes.

For citation: S.S. Markin, S.\V. lvanov, I.P. Beletsky, M.V. Zakharova, E.A. Ponomarev, E.\V. Arzamascev. Assessment of the allergenic and
immunotoxic properties of the recombinant non-immunogenic staphylokinase in preclinical and clinical trials. Pharmacy & Pharmacology.
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Lenb. W3yunTb BO3MOMKHblE aNneprusvpytowye M MMMYHOTOKCMYHbIE CBOMCTBA MOJEKY/Ibl  PEKOMOBUHAHTHOM
HEMMMYHOTeHHOW CTapUIOKNHA3bI C 3aMeHO aMUHOKNCAOT Lys. , Glu, v Arg . Ha anaHWH B AOKIMHUYECKUX U KNMHUYECKMX
nccnefoBaHUAX.

Martepuanbl U metogbl. ViccnegoBaHne anneprusmpyowmx 1 UMMYHOTOKCUYECKUX CBOMCTB MNpenapata peKoMOUHaHTHOM
HEMMMYHOreHHOW cTadUIOKMHA3bI NPOBEAEHO MO CTaHAAPTHLIM METOAMKAM B COOTBETCTBUU C TpeboBaHMAMM PyKoBOACTBA
Mo 3KCNEPUMEHTANbHOMY (JOKJAMHUYECKOMY) U3YYEHUIO HOBbIX papMaKOIOrMYECKMUX BELLLECTB HA MOPCKMX CBUHKax (n=15)
1 mblwax (n=45) B fo3ax, 8 5, 10 1 20 pa3 npeBbIWatOLLMX TepaneBTUYeckme (a5 Yenoseka). KamHuueckoe nccnegosaHve
nposegeHo y 100 NaLMeHTOB € OCTPbIM MHPAPKTOM MMOKapZa € NOAbEMOM cermeHTa ST moc/ie OAHOKPATHOrO BHYTPUBEHHOTO
BBeZleHMA npenapaTa. MccnegoBaHue BKAOYANO onpefesieHne TUTPOB CreuMdUYECcKUX aHTUTEN K PEKOMBUHAHTHOWM
HEMMMYHOTeHHOWM CTadUNIOKMHA3E U OLEHKY HEMTPAAU3YIOLLLE aKTUBHOCTM N1Aa3Mbl.

Pe3ynbratbl. [lpy NpoBeAeHUM MOSHOFO KOMMIEKCA AOKNNHUYECKMX UCCNef0BaHWUI Bbl0 YCTaHOB/IEHO, YTO NpenapaT He
B/IUAET Ha KNETOYHbIN M TYMOpPanbHbIi UMMYHHbIN OTBET Y MOPCKUX CBUHOK U MbIWEW B [03aX, KPATHO MPEBbIWAOLLMX
TepaneBTMYECKMeE A1 YeIoBeKa. YCTaHOB/IEHO, YTO MPenapart He Bbl3blBasl PeaKLMio rMnepyyBCTBUTENIbHOCTUM HEMEAEHHOTO
™Mna (MHaekc no Weigle 0) n 3ameanieHHoro Tvna (0 6annos no C.B. CyBOpOBY) Yy MOPCKUX CBMHOK, @ TaKXKe He BAUAA Ha
KNETOYHOCTb MOAKONEHHbIX IMMdOY310B (MHAEKC peakumn 0,91) M yucno AapocofepKalMx U aHTUTeNnoobpasyoLmx
KNEeTOK B CeNnes3éHKke Mblwel. B pesynbraTte KAMHWYECKOrO WCCNef0BaHUA PEKOMOUHAHTHOM HEeMMMYHOTeHHOWM
CTadUNOKNHA3LI aNNepruyecknx peakumi He 3apernctpupoBaHo. OueHKa HeWTpanusylowelr aKTMBHOCTU M1a3Mbl
KPOBM MaLMEHTOB, KOTOPbIM BBOAM/IACb PEKOMOWMHAHTHAA HEMMMYHOTeHHas cTaduIOKMHA3a, MOKasaso, 4To npobbl
70% nauneHToB He 06Maat0T HEWTPANM3YOLWElN akKTMBHOCTLIO: 30% Npob NaumeHTOB XapaKTepM30BaMCb MUHUMAbHOM
HenTpanmsylowein akTMeHocTbio 0,33+10,02 mKr/ma, uto B 30-310 pa3 HWKe, Yem Moc/ie MNPUMEHEHUA HaTUBHOWM
cTadUNOKMHA3bI. ITU 3HAYeHMA B 7,8 pa3 HWXKe onpeaenfiemoi KOHLEHTPaLWUM PeKOMOUHAHTHON HEeMMMYHOTeHHOM
cradpumnoknHasdbl B Kposw (2,59 mkr/mn). Takum obpasom, Npenapar He NMPUBOAUT K 06pa30BaHMI0 aHTUTES, CMOCOBHbIX
HeWTpannM3oBaTb ero AencTsne Npy NOBTOPHOM BBEAEHUM.

3akntoueHue. Mo pesynbTaTam NPoBeAEHHbIX UCCNeA0BaHMI [0Ka3aHO OTCYTCTBUE aNNepPru3npyHOLLMX U UMMYHOTOKCUYHbBIX
CBOMCTB PEKOMOUHAHTHOW HEMMMYHOTeHHOM CTadpUIOKMHA3bI U ee 6e30NaCHOCTb B OTHOLIEHUU MMMYHHOM CUCTEMBI.
KntoyeBble cnoBa: TPOMOOAM3UC, PEKOMOWMHAHTHAA HEMMMYHOreHHas CTadUIOKMHA3a; an/iepruyeckne  peakuuu;
nccnefoBaHMA UMMYHOTOKCUYHOCTU

Cnucok cokpaleHuii: AOK — aHTuTenoobpasytowme knetku; W1 — nutepneriknud; OUMMNST — ocTpblit MHOaPKT MMOKapaa
¢ nogbémom cermeHTa ST; TI/IA — Tpomb603IM6ONUA erouHon apTepun; b — apuUTpoLmTbl bapaHa.
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INTRODUCTION properties of the native staphylokinase molecule
Myocardial infarction, ischemic stroke, and hindered its introduction into clinical practice. To create

pulmonary embolism (PE) continue to be leading
causes of death among all cardiovascular diseases [1].
The (per
100,000 people) reaches 500 cases in men and 100 cases

prevalence of myocardial infarction
in women, ischemic stroke — 460-560 cases, PE —
35-40

pathogenetically sound method for treating acute

cases [1]. Thrombolytic therapy is a
ST-segment elevation myocardial infarction (STEMI),
ischemic stroke, and massive PE, based on dissolving a
fibrin clot (thrombus) and restoring blood flow in the
occluded vessel. Thrombolysis can reduce the risk of
disability and death [1].

Thrombolytic therapy is carried out using drugs
based on recombinant proteins, which determines the
need to assess their potential impact on the immune
system. Staphylokinase is a unique thrombolytic
agent with high biological activity and fibrinolytic
properties [2]. As a plasminogen activator, staphylokinase
initially reacts with a minimal content of plasmin
(3 ppm) located on the fibrin clot, followed by activation
of y-plasminogen and the formation of a triple complex
which

resulting plasmin

“staphylokinase—plasmin—plasminogen”, lyses

fibrin clots. Simultaneously, the
enhances the fibrinolytic activity of staphylokinase, and
its excess is rapidly inactivated by a,-antiplasmin. When
the “plasmin—staphylokinase” complex is inhibited by
a,-antiplasmin, an active staphylokinase molecule is
released for subsequent recycles. The recirculation of
staphylokinase helps to reduce the dose used in clinical
practice compared to tissue plasminogen activators and
makes it independent of the patient’s body weight [3].
The inhibition of the
complex in plasma occurs more than 100 times faster

“plasmin-staphylokinase”

compared to the same process in a thrombus. Thus,
staphylokinase has high selectivity for fibrin, which
prevents the formation of plasmin from plasminogen
in the systemic circulation [4]. Due to the high fibrin
selectivity of the drug, the use of staphylokinase
is characterized by a minimal risk of developing
hemorrhagic complications.

As a result of kinetic analysis of the interaction of
staphylokinase with plasmin, it was found that the
catalytic activity of staphylokinase is 1000 times higher
than that of alteplase [5]. The high fibrin selectivity
of staphylokinase made it a first-line drug for the
treatment of STEMI and ischemic stroke back in the late
last century. However, the presence of immunogenic
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a non-immunogenic staphylokinase, the amino acids

lys,,, Glu,, and Arg_ were replaced with alanine in

757
the desired molecule. Recombinant non-immunogenic
staphylokinase is a single-chain molecule consisting of
138 amino acids, with a molecular weight of 15.5 kDa.
It has been established that the fibrinolytic activity
of recombinant non-immunogenic staphylokinase
is 40% higher than that of the native staphylokinase
molecule [6].

THE AIM of this work was to study the allergenic
and immunotoxic properties of the recombinant non-
immunogenic staphylokinase molecule in preclinical and

clinical studies.

MATERIALS AND METHODS

Preclinical studies

The study of the allergenic, immunotoxic, and
immunogenic properties of the recombinant non-
immunogenic staphylokinase drug was carried out in
accordance with the requirements of the Guidelines for
Experimental (Preclinical) Study of New Pharmacological
Substances (2005) in the Laboratory of Drug Toxicology
of the National Medical Research Center of Cardiology
named after Academician E.I. Chazov under the guidance
of Prof. EV. Arzamastsev in the period from September
2008 to January 2010. The studies were approved
by the Ethics Committee of the National Medical
Research Center of Cardiology named after Academician
E.l. Chazov (Protocol No. 1 dated September 4, 2008).

Study of the effect of recombinant

non-immunogenic staphylokinase

on the immediate-type hypersensitivity

reaction in guinea pigs

The studies were performed on 15 variegated male
guinea pigs with an average body weight of 290+20 g,
obtained from the Stolbovaya Laboratory Animal Nursery
(Scientific Center for Biomedical Technologies). The
animals were kept under standard vivarium conditions
in ventilated cages with a 12-hour light/dark cycle, at an
air temperature of +20°C and air humidity of 50-60%.
The animals had free access to food and water.

Guinea pigs were divided into three groups
of 5 animals each: Control — physiological saline,
Group 1 — recombinant  non-immunogenic
staphylokinase at a dose of 0.665 mg/kg, Group 2 —

recombinant non-immunogenic staphylokinase at a dose
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of 1.33 mg/kg. The doses of the drug used corresponded
to 5 and 10 times the highest daily dose recommended
for humans (10 mg for humans or 0.133 mg/kg) [2].
The drug was administered intravenously at a dose of
0.665 mg/kg twice a day every other day. The permissive
dose was administered intravenously to guinea pigs
14 and 21 days after sensitization. The intensity of
anaphylactic shock was assessed using the Weigle
index [8].

Study of the effect of recombinant

non-immunogenic staphylokinase

on delayed-type hypersensitivity reaction

in guinea pigs

The studies were performed on 15 variegated
male guinea pigs with an average body weight of
290420 g, which were divided into three groups of
5 animals each. The groups and doses were similar to
the previous experiment. The animals were sensitized
by 5-fold intramuscular administration of recombinant
non-immunogenic staphylokinase at 5-day intervals.
On the 10th day after the last sensitization, the animals
had their back hair shaved on a 3x3 cm area and were
injected intradermally with 0.1 mL of recombinant
non-immunogenic staphylokinase solution, and the
same volume of saline was injected into another point.
The reaction was assessed visually according to the
S.V. Suvorov scale of skin tests (1974) in points 4 and
24 hours after intradermal injection of the permissive
dose.

Study of the effect of recombinant

non-immunogenic staphylokinase on the

cellularity of the popliteal lymph node in mice

The studies were performed on 10 male
F,(CBAXC_BI,) hybrid mice with an average body

weight of 18+2 g, obtained from the Stolbovaya

Laboratory Animal Nursery (Scientific Center for
Biomedical Technologies). The animals were kept under
standard vivarium conditions in ventilated cages with
a 12-hour light/dark cycle, at an air temperature of
+20°C and air humidity of 50-60%. The animals had
free access to food and water. Mice were injected with
50 pl of recombinant non-immunogenic staphylokinase
at a dose of 1.33 mg/kg into the pad of the left hind
paw, and saline into the pad of the right hind paw. After
7 days, the cellularity of the left and right popliteal
lymph nodes was determined in mice, and then the

relative index was calculated by dividing the indicators

34

of the left lymph node by similar indicators of the right
lymph node [8].

Study of the effect of recombinant

non-immunogenic staphylokinase on the number

of nucleated and antibody-forming cells

in the spleen of mice

The experiment is based on determining the number
of nucleated and antibody-forming cells (AFC) in the
spleen according to Jerne in accordance with generally
accepted methods [9]. The studies were performed on
35 male F (CBAxC_,BI,) hybrid mice with an average body
weight of 18+2 g, which were divided into 7 groups of
5animals each. The mice were immunized by intravenous
administration of ram erythrocytes (RE) (Microgen,
Russia) at a dose of 5x108 cells/mouse. Animals of
groups 1 and 2 received recombinant non-immunogenic
staphylokinase intraperitoneally at doses of 1.33 and
2.66 mg/kg, respectively, one day before immunization
with RE (day -1), groups 3 and 4 — at the same doses 1 h
after immunization (day 0), groups 5 and 6 — 24 hours
after immunization with RE (day +1). Control mice were
injected with saline on “day +1”. On the 5th day after
immunization, the spleen was removed from the mice,
which was disintegrated in Hanks’ solution (pH=7.4). The
cell suspension was separated from the stroma elements
by filtration through a two-layer nylon filter, then washed
3 times and centrifuged (ELMI CM-50, Latvia) at 200 g for
5 min. After lysis of erythroid cells with 3% acetic acid,
the number of karyocytes was counted in the resulting
suspension on a cell counter (Picoscale PS-4M, Hungary).

Study of the effect of recombinant

non-immunogenic staphylokinase

on delayed-type hypersensitivity reaction in mice

The
F,(CBAXC_,BI ) hybrid mice with an average body weight
of 18+2 g, which were divided into 7 groups of 5 animals

studies were performed on 35 male

each. The mice were immunized by subcutaneous
injection of RE into the interscapular region at a dose
of 2x108 cells/mouse. The scheme of administration
of recombinant non-immunogenic staphylokinase
and distribution by groups was similar to the previous
experiment. On the 5th day after immunization, all
animals received a resolving injection of RE into the left
hind paw at a dose of 1x108 cells/mouse in a volume of
50 ul (“experimental paw”). Saline solution was injected
into the pad of the contralateral paw (“control paw”).

The reaction results were recorded after 24 hours by
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weighing the “control” and “experimental” paws. The
reaction index (R.M. Khaitov, 2000) was calculated

as the ratio of the difference in mass between the

|II III

“experimental” and “control” paws to the mass of the

In

“control” paw.

Statistical analysis

Statistical analysis was performed using R 4.2
(R Foundation, USA). For continuous variables, the mean
and standard deviation (M%SD) are given. Comparison
of distributions in independent groups for continuous
parameters was made using the Mann-Whitney test,
for discrete parameters — using Fisher’s exact test.
Differences were considered statistically significant
at p <0.05.

Clinical studies

In accordance with the permission of the Ministry
of Health of Russia No. 261 dated May 16, 2014, a
multicenter open randomized comparative trial of the
efficacy and safety of a single bolus administration
of recombinant staphylokinase (15 mg) and tissue
plasminogen activator tenecteplase (30-50 mg) in
patients with STEMI was conducted from October 2014
to August 2016 at 11 leading medical institutions in
Russia [10, 11]. Before inclusion in the study, all patients
signed an informed consent. The study was approved
by the Ethics Council of the Ministry of Health of Russia
(Protocol No. 81 dated April 15, 2014) and Local Ethics
Committees at research centers.

Clinical study of the effect of recombinant

non-immunogenic staphylokinase

on the antibodies formation

382 patients participated in the study. Inclusion
criteria: diagnosis of STEMI with ST segment elevation
of more than 1 mm in two or more consecutive limb
leads and/or more than 2 mm in chest leads in the first
12 h from the onset of the disease. Exclusion criteria:
bleeding, hemorrhagic stroke, ischemic stroke in the
preceding 6 months, diseases with an increased risk
of bleeding. A complete list of inclusion and exclusion
criteria, as well as criteria for evaluating the effectiveness
and safety of thrombolytic therapy, have been published
previously [10, 11].

Patients were randomized into two groups (n=191
each) to non-immunogenic
staphylokinase SupraGen LLC, Russia)
or tenecteplase (Metalyse®, Boehringer Ingelheim
International, Germany). Randomization was carried

receive recombinant

(Fortelyzin®,
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out by the envelope method, in blocks of 4 drugs
(2 — recombinant non-immunogenic staphylokinase
and 2 — tenecteplase). The sequence of randomization
was generated by an independent
Recombinant non-immunogenic

numbers
biostatistician.
staphylokinase was administered at a dose of
15 mg, regardless of body weight, as a bolus over
10-15 seconds, tenecteplase — as a bolus at a dose of
30-50 mg, depending on body weight, according to the
instructions for medical use'. Blood was collected from
100 patients from the recombinant non-immunogenic
staphylokinase group to determine the antibody titer
of to recombinant non-immunogenic staphylokinase
and the neutralizing activity of plasma before its
administration, as well as on days 7, 14 and 30 after.

The antibody titer was determined at the Institute
of Theoretical and Experimental Biophysics of the
Russian Academy of Sciences using a solid-phase
indirect enzyme immunoassay according to the standard
method [12]. The studied plasma samples obtained
from patients after a single intravenous administration
of the drug were diluted with a buffer solution (20 mM
Tris-HCI, 150 mM NaCl, 0.005% Tween-20, pH=8.0)
1:100, 1:400, 1:1600, 1:6400, 1:25600, 1:102400.
100 pl of dilutions of the test samples were added to
the wells. The plate was incubated for 60 min at 37°C.
After incubation, the liquid was removed and the wells
were washed three times with a buffer solution (20 mM
Tris-HCI, 150 mM NaCl, 0.005% Tween-20, pH=8.0).
100 pl of rabbit secondary antibody solution to human
IgG labeled with horseradish peroxidase (1:1000,
pH=8.0) (Sigma, USA) was added to each well and
incubated for 60 min at 37°C. After incubation, the
wells were washed again with a buffer solution.
100 ul of substrate (0.07% orthophenylenediamine,
0.06% H.,0,, pH=5.0) was added to each well. Incubated
at room temperature for 3—5 min until staining appeared
in the negative control sample. 50 ul of stop reagent
(10% sulfuric acid solution) was added to each well.
15 min after the addition of the stop reagent, the optical
density in each well was measured at 490 nm on an
ImmunoChem-2100 microplate photometer (USA).
The maximum dilution of the sample was determined,
at which the optical density value of the positive wells
exceeded the corresponding value of the negative wells
by a factor of three. The antibody titer to recombinant
non-immunogenic staphylokinase was calculated using
the formula:

! Metalyse®. The State Register of Medicines of the Russian
Federation. Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=123f0609-001e-4e9c-8830-34e99ca499df

35



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

1

= ’
P max

where P — the maximum dilution at which the
optical density value in positive wells exceeds the optical
density value in negative wells by a factor of three.

Clinical study of the neutralizing activity of plasma
in patients after administration of recombinant
non-immunogenic staphylokinase
The neutralizing activity was determined in
accordance with the method of D. Collen [13]. Dilutions of
the test samples were prepared similarly to the previous
experiment. 5 ul of the test sample and 5 pl of the drug
solution in the concentration range of 0.2-100 pg/mL
were added to microcentrifuge tubes, mixed and 10 pl of
thrombin solution (5 NIH units/mL, pH=7.4) was added.
The samples were incubated for 20 min at 37°C. The
concentration range of recombinant non-immunogenic
staphylokinase at which the moment of thrombus lysis
and time were observed was determined. For each test
sample, a graph of the dependence of thrombus lysis
time (min) on the concentration of the drug (ug/mL) was
plotted. Using the graphs, the neutralizing activity was
determined — the concentration of the drug at which
the thrombus lysis time was 20 min.

Statistical analysis

Statistical analysis was performed using R 4.2
(R Foundation, USA). Continuous variables are described
as mean and standard deviation (M+SD) or median
and quartiles (Me [Q1; Q3]). Categorical variables are
represented by absolute and relative frequencies. The
Mann-Whitney U-test was used to compare continuous
variables, and the two-sided Fisher’s exact test was
used to compare categorical variables. Differences were
considered statistically significant at p <0.05.

RESULTS
Preclinical studies

Study of the effect of recombinant

non-immunogenic staphylokinase on the

immediate-type hypersensitivity reaction

(anaphylactic shock) in guinea pigs

It was found that after a double intraperitoneal
administration to guinea pigs on the 14th day of
sensitization with recombinant
staphylokinase at a dose of 1.33 mg/kg (10 times the

non-immunogenic

highest daily therapeutic dose for humans), anaphylactic
shock was not induced (Table 1). No changes in the

36

behavior of animals — their general condition, indicators
of vital functions compared with control animals
receiving saline — were revealed (Weigle index is 0).
Thus, recombinant non-immunogenic staphylokinase
did not cause anaphylactic shock in guinea pigs.

Study of the effect of recombinant

non-immunogenic staphylokinase on the

delayed-type hypersensitivity reaction

in guinea pigs

After sensitization of guinea pigs with recombinant
non-immunogenic staphylokinase for 25 days of
intradermal injection of the drug, no cases of hyperemia,
signs of edema or inflammation were found in any of
the animals in the experimental groups (0 points on the
S.V. Suvorov scale). The behavior and condition of the
animals corresponded to those of the control group.

Study of the effect of recombinant
non-immunogenic staphylokinase on the cell
content of the popliteal lymph node in mice

7 days after the administration of recombinant
non-immunogenic staphylokinase into the pad of the
left hind paw of a mouse at a 10-fold higher daily dose
recommended for humans, the cell content of the
right and left popliteal lymph nodes was determined
in comparison with the control. The calculation results
are presented in Table 2. No significant differences were
found.

The cell count index of the popliteal lymph nodes of
the “experimental” and “control” paws was 0.91% Thus,
recombinant non-immunogenic staphylokinase did not
affect the cell count of popliteal lymph nodes and did
not have allergenic properties.

Study of the effect of recombinant
non-immunogenic staphylokinase on the number
of nucleated and antibody-forming cells

in the spleen of mice

The drug was administered to mice 1 day before,
on the day of RE administration, or on the day RE
immunization in doses 10 and 20 times higher than the
highest daily dose for humans. The results of the study
are presented in Table 3.

The data presented in Table 3 show that a single
intraperitoneal administration of recombinant non-
immunogenic staphylokinase to mice did not affect the
cell count of the spleen.

2 The index of 1.00 indicates the equality of the cellular parameters
of the right and left lymph nodes. The smaller it is, the greater the
difference.
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From the results of counting the number of AFCs
in the spleen of mice on day 5 after immunization,
presented in Table 4, it is clear that there were no
significant differences in the number of AFCs between
the groups of animals that received recombinant
non-immunogenic staphylokinase in various doses at
different times relative to RE immunization and the
control animals.

Thus, the drug did not affect the number of
nucleated cells and AFCs in the spleen of mice
immunized with RE, and, therefore, did not affect the
cellular and humoral immune response.

Study of the effect of recombinant

non-immunogenic staphylokinase on the

delayed-type hypersensitivity reaction in mice

Afterimmunization of mice with RE and recombinant
non-immunogenic  staphylokinase, a permissive
injection of RE was administered into the left hind paw,
and physiological saline was administered into the pad
of the contralateral paw. The reaction index of animals
in different groups is presented in Table 5.

Analysis of the data presented in Table 5 indicates
that the drug, at the tested doses of 1.33 and 2.66 mg/kg
and sensitization regimens, did not affect the formation
of cellular immunity.

Thus, during preclinical studies of the allergenic
and immunotoxic properties of recombinant non-
immunogenic staphylokinase, it was found that the drug,
when administered to guinea pigs and mice at doses 5,
10, and 20 times higher than the therapeutic doses for
humans, does not affect cellular and humoral immunity.
A complete set of preclinical studies of recombinant
non-immunogenic  staphylokinase, including the
assessment of acute and subacute (subchronic) toxicity,
mutagenicity, genotoxicity, embryotoxicity, reprotoxicity,
and teratogenicity, also demonstrated its safety
and absence of toxic properties [15], which allowed
obtaining permission for clinical trials of the drug as a

fibrinolytic agent in patients with STEMI.

Clinical studies

Clinical study of the effect of recombinant

non-immunogenic staphylokinase on the

antibodies formation and neutralizing activity

of patient plasma

The study included 100 patients with STEMI who
received a single bolus dose of 15 mg of recombinant

Demographic,

data,

non-immunogenic staphylokinase.

anthropometric, medical history clinical
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characteristics, and time intervals are presented
in Table 6.

76% of the study participants were male. The
average age was 58.919.9 years. The proportion of
patients with arterial hypertension was 75%, previous
myocardial infarction — 12%, lipid metabolism
86%. myocardial

predominated in the study population (56%).

disorders — Inferior infarctions

Assessment of the effectiveness and safety of
thrombolytic therapy is presented in Table 7.

ST segment reduction by 50% from baseline after
90 min was observed in 80% of patients. Restoration of
coronary blood flow according to TIMI 2+TIMI 3 criteria
was observed in 70%. All-cause mortality was 3%. No
intracranial hemorrhages were reported with the use
of recombinant non-immunogenic staphylokinase. No
major bleeding or hemorrhagic stroke was observed in
any patient with cardiogenic shock in the groups. No
allergic reactions were reported as a result of the study.

In a study of specific antibody titers in patients
with STEMI who were administered recombinant non-
immunogenic staphylokinase, it was found that 70
(70%) patients had no detectable specific antibodies.
In 30 (30%) patients, specific antibodies were detected
with a low titer — in the range of 1/100-1/800.

When determining the neutralizing activity of blood
plasma in patients with STEMI who were administered
recombinant non-immunogenic staphylokinase, it was
found that samples from 70 (70%) patients did not
have neutralizing activity. Samples from the remaining
30 (30%) patients were characterized by neutralizing
activity at a dose of 0.33+0.02 pg/mL. It has previously
been shown that the average values of neutralizing
activity of native staphylokinase were many times
higher, in the range of 9-93 pug/mL [14-16].

Thus, the average value of the neutralizing activity
of blood plasma of patients after administration
of recombinant staphylokinase
is 30-310 times
of native staphylokinase.

non-immunogenic
lower than after administration

Considering that the determined concentration
of recombinant non-immunogenic staphylokinase in
the blood with a single bolus administration at a dose
of 15 mg is 2.5 pg/mL, which is 7.8 times higher than
the neutralizing activity of blood plasma samples
(0.33 pg/mL), observed only in 30% of patients, it
can be concluded that the administration of the
drug does not lead to the formation of antibodies
repeated

capable of neutralizing its effect upon

administration.

37



RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

Table 1 - Effect of recombinant non-immunogenic staphylokinase
on the immediate-type hypersensitivity reaction in guinea pigs

Animal groups, doses Weigle, M+SD p
Control 0.0£0.00 -
Group 1, 0.665 mg/kg 0.0+0.00 1.00
Group 2, 1.33 mg/kg 0.0£0.00 1.00

Table 2 - Effect of recombinant non-immunogenic staphylokinase
on the cell count of popliteal lymph nodes in F (CBAxC_BI ) hybrid mice

Cell count of popliteal lymph

Al e CIoRes nodes, million/mL, M+SD P
Control 0.78+0.07 -
Group 1, 1.33 mg/kg 0.71+0.07 0.95

Table 3 - Effect of recombinant non-immunogenic staphylokinase
on the cell count of the spleen of F (CBAXC_BI ) mice immunized with ram erythrocytes

Number of karyocytes,

Animal groups, doses 107/spleen, M+SD

Control 26.88+1.67 -

Group 1, 1.33 mg/kg «day -1» 25.64+0.93 0.89
Group 2, 2.66 mg/kg «day -1» 26.62+2.77 0.98
Group 3, 1.33 mg/kg «day O» 28.44+1.84 0.91
Group 4, 2.66 mg/kg «day O» 24.48+2.96 0.82
Group 5, 1.33 mg/kg «day +1» 27.71+1.45 0.85
Group 6, 2.66 mg/kg «day +1» 28.48+1.81 0.95

Note: Animals in groups 1 and 2 received recombinant non-immunogenic staphylokinase intraperitoneally at doses of 1.33 and 2.66 mg/kg,
respectively, one day before ram erythrocytes immunization (“day -1”), groups 3 and 4 — at the same doses 1 hour after immunization (“day 0”),
groups 5 and 6 — 24 hours after ram erythrocytes immunization (“day +1”).

Table 4 - Effect of recombinant non-immunogenic staphylokinase
on the number of antibody-forming cells in F (CBAxC_BI ) mice immunized with ram erythrocytes

Number of antibody-forming

it s o1, ot cells in the spleen, 1x104, M+SD P

Control 8.66+1.73 -

Group 1, 1.33 mg/kg «day -1» 10.29+1.32 0.72
Group 2, 2.66 mg/kg «day -1» 8.65+2.22 0.95
Group 3, 1.33 mg/kg «day 0» 9.39+1.41 0.80
Group 4, 2.66 mg/kg «day 0» 9.03+1.14 0.82
Group 5, 1.33 mg/kg «day +1» 9.96+1.95 0.78
Group 6, 2.66 mg/kg «day +1» 10.12+0.68 0.75

Note: Animals in groups 1 and 2 received recombinant non-immunogenic staphylokinase intraperitoneally at doses of 1.33 and 2.66 mg/kg,
respectively, one day before ram erythrocytes immunization (“day -1”), groups 3 and 4 — at the same doses 1 hour after immunization (“day 0”),
groups 5 and 6 — 24 hours after ram erythrocytes immunization (“day +1”).

Table 5 - Effect of recombinant non-immunogenic staphylokinase on the development
of delayed-type hypersensitivity reaction in F (CBAxC_BI ) mice

Animal groups, doses Reaction index, M+SD p

Control 19.81+2.43 -

Group 1, 1.33 mg/kg «day -1» 17.96+2.64 0.75
Group 2, 2.66 mg/kg «day -1» 19.9142.59 0.96
Group 3, 1.33 mg/kg «day 0» 24.52+3.85 0.12
Group 4, 2.66 mg/kg «day O» 23.48+2.77 0.35
Group 5, 1.33 mg/kg «day +1» 22.16+1.62 0.59
Group 6, 2.66 mg/kg «day +1» 20.46+0.94 0.79

Note: Animals in groups 1 and 2 received recombinant non-immunogenic staphylokinase intraperitoneally at doses of 1.33 and 2.66 mg/kg,
respectively, one day before ram erythrocytes immunization (“day -1”), groups 3 and 4 — at the same doses 1 hour after immunization (“day 0”),
groups 5 and 6 — 24 hours after ram erythrocytes immunization (“day +1”).
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Table 6 — Baseline characteristics of patients

Characteristics

Indicator (n=100)

Gender, male / female

76/23 (76%/23%)

Age, years 58.919.9
Patients older than 75 years 6 (6%)
Weight, kg 83.8+14.2
Body mass index, kg/m? 28.5+4.5
Myocardial infarction 12 (12%)
Arterial hypertension 75 (75%)
Diabetes mellitus Type Il 14 (14%)
Dyslipidemia 86 (86%)
Smoking 39 (39%)
STEMI, mm 3.58+1.96
SBP, mm Hg . 118.6%8.2
DBP, mm Hg 74.7+7.2
HR, bpm 75.9+14.7
STEMI localization:
anterior 42 (42%)
inferior 56 (56%)
other 2 (2%)
Type of heart failure according to Killip:
| 87(87%)
1l 8 (8%)
- 3(3%)
\% 2 (2%)

Table 7 — Assessment of the effectiveness and safety of thrombolytic therapy

Criterion

Indicator (n=100),

abs. (%)

ST segment reduction by 50% after 90 min 80 (80%)
Restoration of coronary blood flow according to
TIMI criteria:

0 24(24%)

1 6(6%)

2 32(32%)

3 38(38%)

243 70 (70%)

Death from all causes 3 (3%)
Cardiogenic shock 4 (4%)
Recurrent myocardial infarction 4 (4%)
Major bleeding 1(1%)
Intracranial hemorrhage 0 (0%)
Minor bleeding 3 (3%)
Allergic reactions 0 (0%)

DISCUSSION
In accordance with the Rules of Good Clinical
Practice approved by the Eurasian Economic

Commission, the assessment of allergenic, immunotoxic,
and immunogenic properties of original molecules
is one of the most important stages of research
necessary for further clinical trials and registration
of a medicinal product. Immunogenicity can provoke
such serious side effects from the immune system as

Tom 13, Beinyck 1, 2025

anaphylactic shock and Quincke’s edema. According to
the Clinical Guidelines of the Ministry of Health of Russia
“Anaphylactic Shock” (2020)3, anaphylactic shock is
understood as “acute circulatory failure, manifested by
a decrease in systolic blood pressure below 90 mm Hg.
or by 30% from the working level and leading to hypoxia
of vital organs.” It should be emphasized that such a

3 Clinical Guidelines of the Russian Ministry of Health «Anaphylactic
shock»  (2020).  Available from: https://cr.minzdrav.gov.ru/
view-cr/263_2
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diagnosis without pronounced hemodynamic disorders
is illegal and should be considered as anaphylaxis.
Anaphylactic shock refers to a type | hypersensitivity
reaction that occurs with the participation of class E
immunoglobulins fixed on the surface of basophil and
mast cell membranes*. Anaphylactic shock should be
distinguished from angioedema (Quincke’s edema) — a
localized transient acute edema of the skin or mucous
membranes, as well as urticaria — a group of diseases
characterized by the development of itchy blisters or
angioedema®.

This article presents the results of preclinical and
clinical studies of the allergenic, immunotoxic, and
immunogenic properties of the recombinant non-
immunogenic staphylokinase molecule. During a set
of preclinical studies, it was found that the drug does
not affect the cellular and humoral immune response
in guinea pigs and mice at doses 5, 10, and 20 times
higher than therapeutic doses for humans. Recombinant
non-immunogenic staphylokinase does not cause
anaphylactic shock and the development of edema in
experimental animals with intravenous, intramuscular,
and subcutaneous administration. In experiments
on inhalation administration of recombinant non-
immunogenic staphylokinase to mice with acute
respiratory distress syndrome [17], it was found that
the drug also did not cause allergic reactions and did
not have an irritating effect on the respiratory tract,
reduced the deposition of fibrinogen in the lungs and
had a normalizing effect on the concentration of pro-
inflammatory cytokines — IL-1a, IL-17A, IL-6.

A clinical study of the neutralizing activity of
blood plasma of patients who were injected with
recombinant non-immunogenic staphylokinase
showed that samples taken from 70% of patients with
STEMI do not have neutralizing activity against the
drug. In the remaining 30% of patients, the average
values of neutralizing activity of blood plasma after
a single administration of the drug did not exceed
0.3 pg/mL, which is 30-310 times lower than after
of the

molecule. These values are significantly lower than

the administration native staphylokinase
the concentration of the drug in the blood, so they
are not able to neutralize its effect in case of repeated
administration.

In 2012, based on the results of preclinical and

clinical studies, the Ministry of Health of Russia

* Ibid.
® Ibid.
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registered the original thrombolytic drug of recombinant
protein containing the amino acid sequence of
staphylokinase — Fortelyzin® (produced by SuperGene
LLC, Russia; registration certificate No. LP-001941 dated
December 18, 2012) for the treatment of patients with
STEMLI.

According to the safety and efficacy monitoring
registers of recombinant non-immunogenic
staphylokinase, since 2012, the drug has been used in
more than 50 thousand patients with STEMI [18] and in
more than 20 thousand with ischemic stroke. According
to IMS Health as of March 2025, the recombinant non-
immunogenic staphylokinase drug has been used in
more than 200 thousand patients. During this period,
the automated information system of Roszdravnadzor
registered 18 (0.009%) reports of the development
of anaphylactic shock after using the drug. This is
reflected in the “Side effect”® section in the instructions
for medical use of the drug, which indicates that such
disorders of the immune system as anaphylactoid
reactions are very rare (<1 in 10 thousand cases). Thus,
the absence of immunogenic properties of recombinant
non-immunogenic staphylokinase and its high safety
with respect to the immune system are confirmed
by many years of experience in use in a wide range of
patients.

In clinical studies of recombinant non-immunogenic
staphylokinase, no serious adverse events such as
anaphylactic shock, urticaria, or Quincke’s edema were
reported.

In the FRIDOM1 trials [10, 11], recombinant non-
immunogenic staphylokinase at a dose of 15 mg was
no less effective than tenecteplase in terms of restoring
coronary blood flow according to coronary angiography
(70 vs 71%, p=0.76) and ECG (8% vs 80%, p=0.81); the
absence of intracranial hemorrhages and the high efficacy
of recombinant non-immunogenic staphylokinase
allowed it to be registered for the treatment of patients
with STEMI. Currently, recombinant non-immunogenic
staphylokinase is included in the Clinical Guidelines
and standards of treatment for patients with STEMI.
The Eurasian Clinical Guidelines for the diagnosis
and treatment of acute coronary syndrome with
ST-segment elevation specifically mention the absence
of antigenicity as an advantage of the drug. By Order
of the Ministry of Health of Russia No. 1165n dated
October 28, 2020, a recombinant protein containing

5 Fortelizin®. The State Register of Medicines of the Russian
Federation. Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=9721d84a-5efa-4a24-b940-d711798bd51c
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the amino acid sequence of staphylokinase is included
in the mandatory requirements for the equipment of
medicines and medical devices for emergency medical
care kits and sets.

According to the REGION-IM
Medical
named after Academician E.I. Chazov, 36% of patients
with  STEMI
recombinant non-immunogenic staphylokinase, and

register of the

National Research Center of Cardiology

receive thrombolytic therapy using
at the prehospital stage, this figure reaches 42%. The
frequency of using recombinant non-immunogenic
staphylokinase in primary vascular departments
reaches 51% [19].

The FRIDA study showed that recombinant non-
immunogenic staphylokinase is an effective and safe
thrombolytic agent for treating patients with ischemic
stroke within 4.5 h of the onset of the first symptoms [20,
21]. In terms of the number of patients with good
functional recovery (0—1 points on the modified Rankin
scale), the drug was at least as effective as alteplase
(50 vs 41%, p=0.10). Recombinant non-immunogenic
staphylokinase is used as a rapid single bolus (10 seconds)
at a single dose of 10 mg in patients with ischemic
stroke of any body weight. In 2024, the recombinant
non-immunogenic staphylokinase drug was included
in the Clinical Guidelines for the treatment of ischemic
stroke in the first 4.5 hours from the onset of the
disease.

The FORPE trials presents the results of using
recombinant non-immunogenic staphylokinase in
[22, 23].

staphylokinase is not inferior to alteplase in terms

patients with massive PE Recombinant
of the primary efficacy endpoint “all-cause mortality
within 7 days” (2 vs 3%, p=1.00) and has a high safety
profile. The use of recombinant non-immunogenic
staphylokinase was not accompanied by the
development of major bleeding, which occurred with
the use of alteplase (0 vs 3%, p=0.06) and hemorrhagic
stroke (0 vs 2%, p=0.25). According to CTPA with
contrast enhancement of the pulmonary arteries, a
significant decrease in thrombotic masses (65.8 vs
47.4%, p <0.001) and a reduction in the size of the
right ventricle (50 vs 39 mm, p <0.001) were shown
24 hours after thrombolysis with recombinant non-
immunogenic staphylokinase. Currently, a double-blind
placebo-controlled clinical trial of recombinant non-
immunogenic staphylokinase in patients
with
(permission of the Ministry of Health of Russia

intermediate-high  risk PE has begun

Tom 13, Beinyck 1, 2025

No. 106 ot 21.03.2024 r., clinicaltrials.gov
No. NCT06362746) [24].

A clinical study of recombinant non-immunogenic
staphylokinase is being conducted with its intra-
arterial intrathrombal administration in patients with
thrombosis of the arteries of the lower extremities
in comparison with surgical methods of treatment
FORAT
I.I. Zatevakhin, permission of the Ministry of Health of
Russia No. 184 dated March 18, 2022, clinicaltrials.gov
No. NCT05372718) [25].
with  the

non-immunogenic

(researcher-coordinator —  Academician

Along Russian Federation, the

recombinant staphylokinase
drug is registered in a number of CIS countries
(Tajikistan, Turkmenistan) and is currently undergoing
registration in the EAEU countries, Azerbaijan, Georgia,

and Uzbekistan.

Study limitations

In the presented clinical study, the recombinant non-
immunogenic staphylokinase drug was administered
in accordance with the instructions for medical
use as a single bolus. Studies after bolus-infusion
administration of the drug were not conducted. Studies
of the neutralizing activity of blood plasma and titers
of specific antibodies after repeated use of the drug
were also not conducted. Clinical experience with its
double use indicates the preservation of efficacy and
the absence of neutralizing activity of blood plasma,
which was shown in a patient with massive pulmonary
embolism against the background of a shrapnel

wound [26].

CONCLUSION

Given the annual increase in the number of
thrombolysis procedures, the risks of adverse events
should be taken into account. In this regard, a
comprehensive study of the allergenic and immunotoxic
of the

staphylokinase molecule in preclinical and clinical studies

properties recombinant non-immunogenic
is extremely relevant. Based on the results of a full range
of tests, it was convincingly proven that recombinant
non-immunogenic staphylokinase does not have
allergenic, immunogenic, and immunotoxic properties.
The data obtained during these studies will undoubtedly
contribute to a more active spread of thrombolytic
therapy using non-immunogenic staphylokinase, which
in the future will improve the quality of medical care for

the population.
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The State Pharmacopoeia of the Russian Federation regulates the lower level of iodine content in Laminaria thalli. However,
an excess of iodine is as harmful to the human body as its deficiency.

The aim. To determine the range of permissible iodine content in the medicinal plant raw material “Laminaria thalli” and
products based on it within the framework of a risk-oriented strategy in medicine quality control.

Materials and methods. Samples of medicinal herbal preparations, biologically active additives, food products based
on Laminaria thalli of various origins, samples of algae collected by the authors on the coast of the White Sea and the
Pacific Ocean, as well as literature data on the iodine content in pharmacopoeial species were studied. The iodine content
was determined by inductively coupled plasma mass spectrometry after extraction according to GOST EN 15111-2015.
The non-carcinogenic risk was calculated in accordance with Guidance R 2.1.10.1920-04.

Results. The average (0.14%) and maximum (0.46%) iodine content in pharmacopoeial species of Laminaria thalli was
determined, which correlates with the iodine content norm in Laminaria algae proposed by the U.S. Food and Drug
Administration (FDA) — 0.1-0.5%. It was found that at the maximum therapeutic dose and course of treatment with
laxative herbal preparations, containing 0.5% of iodine, the level of non-carcinogenic risk falls into the category of maximum
permissible. Under similar conditions, treatment, for example, of mastopathy with preparations based on Laminaria thalli
with 0.5% of iodine leads to an unacceptable impact of iodine on human health.

Conclusion. The authors recommend, instead of the existing norm of iodine content (not less than 0.1%), to take into
account the permissible amount of this element (0.1-0.5%), which corresponds to its real content in pharmacopoeial species
of Laminaria thalli.

Keywords: iodine; Laminaria thalli; hazard quotient; risk-oriented strategy; hyperthyroidism; quantitative content
Abbreviations: BAA — biologically active additive; FDA — U.S. Food and Drug Administration; CVD — cardiovascular diseases;
MHP — medicinal herbal preparation; MPR — medicinal plant raw material; EPh — European Pharmacopoeia; FCC —
Food Chemicals Codex; TMAH — tetramethylammonium hydroxide; HQ — hazard quotient.

Ans untuposaHua: B.M. LLlykuH, H.E. KyabmuHa, E.A. Xoponbckas, H.[. ByHATaH. HopmupoBaHue cogepkaHua 1ioaa B CI0eBULLaX TaMUHapuu
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HopmupoBaHue coaepxaHus noga B cnoesuliax naMmmuHapum
MU NpoAyKTax Ha UX OCHOBE: UBMEeHeHMe NoaXoa0B B paMKax
PUCK-OPUEHTUPOBAHHOWU CTpaTerun B KOHTpoOsie KayecTBa

JIeKapCTBeHHbIX cpeacTB

B.M. WykuH, H.E. KysbmuHa, E.A. Xoponbckasn, H.[l. ByHATAH

denepanbHoe rocyaapcTBeHHOE BIOAMKETHOR yUpexaeHme
«Hay4HbI LEeHTP 3KCNepTM3bl CPeacTB MEANLMHCKOrO NPUMEHEHUAY
MuHUCTepCTBa 34paBooXpaHeHuns Poccuiickolt degepaunm,

Poccusa, 127051, r. Mockea, MeTtposckuii 6-p, 4. 8, cTp. 2,

E-mail: Schukin@expmed.ru

MonyyeHa 19.05.2023 Mocne peueHsnposaHua 28.12.2024 MpuHaTa K nevatn 11.03.2025

B rocypapctBeHHol dapmakonee Poccuiickoit Pepepauym HOPMUPYETCA HUKHUIA YPOBEHb COAEPIKAHUA oA B C/I0EBULLLAX
NamuHapun. OfHaKo nNepeunsbbITOK Moaa TaK e BpeleH A1 OpraHu3Ma YeI0BEKa, KaK U ero aeduuut.

Llenb. Onpeaenntb AManasoH AOMNYCTUMOrO COAEpXKaHWA Mofa B /SIEKAPCTBEHHOM PaCTUTENbHOM Cbipbe «J/lamuHapum
CNI0EBULLA» U MPOAYKTAX HA ero OCHOBE B PaMKaX PUCK-OPUEHTUPOBAHHOM CTPATErMM B KOHTPO/IE Ka4YecTBa IeKapCTBEHHbIX
cpeacTs.

Martepuanbl u meTogbl. bblin Uccef0BaHbI 06Pa3Lbl IEKAPCTBEHHbIX PACTUTE/IbHBIX NPEenapaToB, BUONOrMYECKN aKTUBHbIX
[06aBOK, NULLEBOM MPOAYKLMN HAa OCHOBE C/I0EBWLL, JAMUHAPUM PA3IMYHOTO NPOUCXOXKAEHMA, 0bpasLbl BOAOPOC/EN,
cobpaHHble aBTopamu Ha nobeperkbe besioro Mopsa 1 TUXOro oKeaHa, a TakXkKe IMTepaTypHble AaHHbIe O CoAepKaHuM hoaa
B dapmakoneiHbix Bugax. CoaepaHue ioga onpeaensnyn MeTogoM MacC-CMEKTPOMETPUM C UHAYKTUBHO-CBA3AHHOW
naasmoin nocne 3KcTpakumm no FTOCT EN 15111-2015. PacyéT HEKaHLeporeHHOro pucka MnpoBOAMAW B COOTBETCTBUM
¢ PykoBogcteom P 2.1.10.1920-04.

Pe3synbratbl. OnpegeneHo cpegHee (0,14%) n makcumanbHoe (0,46%) copepkaHue loaa B dapmMakonenHbIX BuAax
CNI0EBULL, JTAMWUHAPUK, KOTOPOE COOTHOCUTCA HOPMOW coAep:KaHuA Mofa B NaMUHAPUEBBIX BOAOPOCAAX, MPEeAsIOKEHHbIX
YnpasneHMem no CaHMTapHOMY HaA30py 33 Ka4ecTBOM MULLEBbIX NPOAYKTOB M meankameHToB CLUA (U.S. Food and Drug
Administration) — 0,1-0,5%. YcTaHOBAEHO, YTO NPU MaKCMMasIbHO TepaneBTUYECKOW A,03€ U Kypce IeYeHNUA CNabuteibHbIMU
duTonpenapatamu, Npu ycnoBun cogepraHna moga B HUx 0,5%, ypoBeHb HEKaHLLEPOreHHOro PUCKA NOMaAaeT B KaTeroputo
npeaenbHO AoNYCTUMOro. Mpu aHaNOrMYHBIX YCI0BUAX IeHeHMe, HanpuMep, MacTonaTmn NpenapaTtaMmm Ha OCHOBE CNOEBULL
NaMUHapuu ¢ cogeprkaHvem oaa 0,5% NpuBoAUT K HeAONYCTUMOMY BO3AENCTBUIO 10 Ha 340POBbE YeNOBEKA.
3akntoyeHne. ABTOPbl PEKOMEHAYIOT BMECTO CYLLECTBYIOLLLEN HOPMbI cogeprKaHua Moaa (He meHee 0,1%), npuHMMATL BO
BHMMaHWe AONycTMMOe KoAnyectBo 3T1oro anemeHTa (0,1-0,5%), KOTOpoe COOTBETCTBYET €r0 PeasbHOMY COAEPIKaHMUIO B
bapmaKkonenHbIX BUAAX CI0EBULL TAMUHAPUN.

KnioueBble cnosa: iog; cnoesuLla 1aMUHapum; Ko3dPULMEHT ONACHOCTU; PUCK-OPUEHTUPOBAHHAA CTPATErnA; TMNepTUpeos;
KO/IMYeCTBEHHOE CoAepKaHune

Cnucok coKpalweHuii: BALl — 6Huonornyeckn aktmBHas pobaska; FDA — YnpasneHwe no caHWTapHOMY Haz30py 3a
KauyecTBOM MWLLEBbIX NPOAYKTOB M meaukameHToB CLUA (U.S. Food and Drug Administration); CC3 — cepgeyHo-
cocyauctble 3abonesaHua; JIPMT — fneKapCTBEHHbIN pacTuTesbHbIA npenapaT; J/IPC — nekapcTBeHHOe pacTUTesbHoe
cbipbe; EPh — EBponelickas dapmakonesn; FCC — KogeKc nuwesbix xumukatos; JIC — nekapcteeHHoe cpeactso; TMAH —
TeTpaMeTUNaMMoHuA rmapokens; HQ — koadbduumMeHT onacHoOCTH.

INTRODUCTION to changes in eating patterns and food production

The implementation of salt iodization programs
around the world has reduced the incidence of
iodine deficiency-related diseases. However, 30%
of the world’s population is still at risk!. lodine
deficiency in the diet is a growing problem in many
countries, including industrialized ones, partly due

* American Thyroid Association lodine Deficiency. Available from:
https://www.thyroid.org/iodinedeficiency/
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methods [1, 2].
lodine intake
functioning of the human body, since the production
of thyroid hormones directly depends on the amount
of this element. Thyroid hormones are acutely
necessary for brain development during intrauterine
development, as well as during the first years of life [3].
A deficiency of this element has an adverse effect on

is extremely important for the
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the development of mental and physical retardation in
children [4], and is also the most common preventable
cause of brain damage and the development of
neurological diseases [5].

lodine deficiency in the areas of Ukraine, Belarus
and Russia adjacent to the Chernobyl nuclear power
station became a factor in the increased uptake of
radioactive iodine by the thyroid gland and, after a few
years, led to a multiple increase in the incidence of
thyroid cancer not only in adults, but also in children
[6]. Optimal iodine intake dramatically reduces the
risk of thyroid lesions. In Japan, where there is no
iodine deficiency (mainly due to the unique dietary
characteristics of the population, in particular the
active consumption of brown algae), after the accident
at the Fukushima nuclear power station, there was no
significant increase in the incidence of thyroid cancer
in children, even without emergency iodine prophylaxis
immediately after the accident [7]. Efforts to prevent
and control these diseases are primarily aimed to ensure
iodine intake to maintain normal thyroid function [8]
(90 pg/day for children, 150 pg/day for people of both
sexes over 12 years of age, and 250 pg/day for pregnant
and lactating women)?* 3. Adequate iodine intake can
be achieved by fortifying food with iodine and/or
iodine-containing supplements, such as iodates and
iodides [9, 10], added as a potassium salt. It should
be noted that iodate is more stable in adverse climatic
conditions and at elevated temperatures (in particular,
during heat treatment of food).

One of the main ways to iodize food is to enrich
table salt with iodine additives. The amount of iodine
additive is 20-60 mg/kg®, which, with the norm of
table salt consumption (5.0 g/day), is 100—300 pg/day.
However, due to the identified relationship between
high sodium content and cardiovascular diseases
(CVD) [11, 12], hypertension [12-14], urolithiasis and
osteoporosis [13], there has recently been a tendency
to reduce salt consumption [14, 15]. Replacing table
salt with an alternative mixture, according to the
latest research, has confirmed the value of a low-
salt diet in the prevention of CVD [11, 14]. The best

2 WHO/NUT/96.13. Recommended iodine levels in salt and guidelines
for monitoring their adequacy and effectiveness. Geneva, World
Health Organization; 1996. Available from: https://www.who.int/
publications/i/item/WHO-NUT-96.13

3 WHO Secretariat; Andersson M., de Benoist B., Delange F., Zupan J.
Prevention and control of iodine deficiency in pregnant and lactating
women and in children less than 2-years-old: conclusions and
recommendations of the Technical Consultation. Public Health Nutr.
2007;10(12A):1606-1611. DOI: 10.1017/51368980007361004.
Erratum in: Public Health Nutr. 2008;11(3):327.

4GOST R 51575-2000 lodized table salt. Methods for the determination
of iodine and sodium thiosulfate.

Tom 13, Beinyck 1, 2025

products for the prevention of iodine deficiency are
those that are natural sources of iodine: seafood (fish,
brown algae, crustaceans), beans, garlic, beets [10].
Brown algae containing iodine in large quantities, are
actively used as medicinal herbal products (MHPs)
and dietary supplements (DSs) [16—18], in particular,
the U.S. Food and Drug Administration approved the
use of dietary supplements based on algae of the
Laminaria family as a source of this element®. These
plants contain a large number of useful components
(polysaccharides, including alginic acid salts [19],
vitamins, polyunsaturated fatty acids and antioxidants, a
wide range of essential elements, and most importantly
iodine) [20-22]. The concentration of iodine in
brown algae exceeds its content in all other living
organisms [23], therefore they are a good natural source
of iodine for humans [24, 25].

In the State Register of Medicines of the Russian
Federation, algae of the Laminariaciae
(Laminaria saccharina, Laminaria japonica) are listed
as such plants, so the State Pharmacopoeia of the
Russian Federation XIV edition regulates the lower limit
of iodine content (at least 0.1%)° in pharmacopeial
types of Laminaria thalli. The European Pharmacopoeia
(EPh) regulates the use of representatives of the Fucus
family as medicinal plant raw materials (MPRMs). The
U.S. Food Chemical Codex (FCC) recommends the
use of representatives of a wide range of algae of the

family

Laminaria family. Data on the types of brown algae
used, as well as standards for iodine content, are
shown in Table 1.

However, studies show that an excess of iodine is
also harmful to the human body, as is its deficiency [26—
28]. High (1-10 mg/day) when
taking MHPs or dietary supplements based on brown
algae leads to an increased risk of endemic goiter,

iodine intake

which in some cases is accompanied by hyperthyroidism
or myxedema [29], and also stimulates autoimmune
diseases [30, 31]. In this regard, EPh and FDA provide a
range of iodine content in brown algae, and not its lower
level (see Table 1).

THE AIM. To determine the range of permissible
iodine content in medicinal plant
“Laminaria thalli” and products based on it within the

raw materials

5 Office of the Federal Register, National Archives and Records
Administration. Food additives permitted for direct addition to food
for human consumption: subpart C—coatings, films and related
substances — kelp, 21 CFR Sect 172.365. Washington (DC): US
Government Printing Office; 2015. Available from: https://www.ecfr.
gov/current/title-21/chapter-I/subchapter-B/part-172

6 M.5.0080.18 Laminaria of the stratum. The State Pharmacopoeia of
the Russian Federation XIV edition. Available from: https://docs.rucml.
ru/ feml/pharma/v14/vol4/999/
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framework of a risk-oriented strategy in quality control
of medicines. Previously, a risk-oriented approach was
mainly used in relation to food contaminants (which
include dietary supplements” & and environmental
objects® . Currently, a trend has emerged to assess the
carcinogenic and non-carcinogenic risks of contaminants
in  medicines for a long-time intake: synthetic
[32], MPRMs and MHPs with various
pharmacological effects [33, 34].

painkillers

MATERIALS AND METHODS

Study methodology

The objects of the study were laxative herbal
medicines of Russian manufacturing: “Laminaria thalli
(sea kale)” produced by JSC “Krasnogorskleksredstva”
(I-p), LLC “FITO-BOT” (ll-p) and CJSC “ST-Medipharm”
(I-p); preparations for the treatment of mastopathy
“Mammoklam” produced by CJSC MEGA PHARM (IV-p),
“Mammolain” produced by CJSC MEGA PHARM (V-p),
samples of dietary supplements: “Laminaria (sea kale)”
produced by CJSC Evalar, Russia (I-b), and “Laminaria
SUPERFOOD” produced by LLC “Kron”, Russia (llI-b),
“Laminaria for the thyroid gland” LLC PharmOcean
Lab. (TM “Doctor More”), Russia (lll-b), “Kelp”, NOW
Internetional, USA (IV-b), “Nalemarin” LLP Biomar,
Russia (V-b), food products: Sea kale Kombu Fresh
Sakhalin natural (Laminaria japonica), Russia (I-e)
Arkhangelsk Algae Combine SUPERFOOD AV1918
(Laminaria Saccharina), Russia (ll-e), as well as samples
collected by the authors: thalli of Japanese laminaria
(Laminaria japonica (L.)) (l-a), collected in the waters
of Peter the Great Bay of the Pacific Ocean, and sugar
laminaria (Laminaria Saccharina (L.)) (ll-a), collected
in the area of the Bolshoi Solovetsky Island. Self-
collected samples were obtained in August 2020,
dried in the sun for 2 days, the species identity of the
samples was determined using macro- and microscopic
analysis. In addition, we used literature data on the
iodine content in the thalli of pharmacopoeial species of
laminaria from various places of picking [21].

The iodine content in the test samples was

7 Technical Regulations of the Customs Union TR CU 021/2011 On Food
Safety. Available from: https://docs.cntd.ru/document/902320560.
Russian

8 SanPiN 2.3.2.1078-01, Food raw materials and foodstuffs. Hygienic
requirements for food safety and nutritional value; Ministry of Health
of the Russian Federation, Moscow; 2002. Available from: https://
docs.cntd.ru/document/901806306. Russian

9 MU 2.3.7.2519-09 Determination of exposure and assessment of the
risk of exposure to chemical food contaminants on the population.
Methodological guidelines. Moscow: Federal Center of Hygiene and
Epidemiology of Rospotrebnadzor; 2010. Russian

R 2.1.10.1920-04 Guidelines for assessing the risk to public health
when exposed to chemicals that pollute the environment. Moscow:
Federal Center for State Sanitary and Epidemiological Supervision of
the Ministry of Health of Russia; 2004. Russian

48

determined by inductively coupled plasma mass
spectrometry according to GOST EN 15111-2015™.
Crushed laminaria algae thalli samples, as well as MHPs,
were sieved through a sieve with a hole diameter
of 1 mm. Then 3 samples of 500 mg each (accurate
sample) were taken, followed by iodine extraction
with an aqueous solution of tetramethylammonium
hydroxide (25% Lot 331635, Sigma-Aldrich, USA,
TMAH) according to GOST EN 15111-2015*. During
the determining of the iodine content in DSs, 20 tablets
were crushed, 3 samples of 500 mg each (accurate
sample) were taken, then iodine extraction was
carried out according to the GOST method. A sample
of the test sample was placed in a flask with a capacity
of 50 cm3, 5 ¢cm?® of water was added and thoroughly
mixed. Then 1 cm? of 0.5% TMAN solution was added,
thoroughly mixed, the tightly closed flask was placed
in a drying oven preheated to a temperature of 90+3°C
for 3 h. After cooling, the samples were quantitatively
transferred to a 25 cm?® volumetric flask and brought
to the mark with water. To remove coarse particles,
aliquots were filtered through a membrane filter with a
pore diameter of 5 um. Then the solution of the internal
standard of tellurium ions, prepared from a standard
sample (SS; R2-TE691015 1000 pg/mL, Inorganic
Ventures Lot, USA), was added to the aliquot of
the sample extract. Calibration solutions (iodine
5-20-50 pg/dm3) were prepared
by placing the appropriate volume of iodine SS
(P2-10D675953 1000 pg/mL, Inorganic Ventures Lot,
USA) and internal standard (tellurium ion solution) in a
50 cm? volumetric flask, brought to the mark with 0.5%
TMAH solution. A blank sample was prepared similarly
to the calibration solution, without adding the SS
solution. The iodine content in the test and calibration
solutions was determined on an Agilent 7900 instrument
(Agilent, USA), the parameters of the experiment are
shown in Table 2.

concentration

Statistical processing

For each of the tested samples, the average value
of measurements obtained from 3 parallel samples in
5 replicates was taken as the measurement result. The
measurement results were statistically processed using
Microsoft Office Excel 2007. The standard coefficient
of variation, confidence interval, and systematic error
were determined.

The calculation of non-carcinogenic risk was carried

1 GOSTEN 15111-2015 Food products. Identification of trace elements.
Method of iodine determination by inductively coupled plasma mass
spectrometry (ICP-MS).

2 |bid.
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out according to R 2.1.10.1920-04. “Guidelines for
assessing the risk to public health when exposed to
chemicals that pollute the environment”.

RESULTS AND DISCUSSION

The iodine content in laminaria thalli and products
based on them, according to the recommendations
for the implementation of analysis methods
R 50.2.060-2008%, the suitability of the GOST-approved
method™* was confirmed using standard sample of
SRM 3530 lodized Table Salt. The results are presented
in Table 3.

The recovery rate was 103.1+5%, which corresponds
to the requirements of the Eurasian Economic Union
Pharmacopoeia for the correctness of analytical methods
(recovery [R]=90-110%)*, the precision (repeatability)
of the method (RSD=4.31%) also meets pharmacopoeial
requirements (RSD <5%)?.

To determine the concentrations of iodine in the test
samples, the calibration curve was used with prepared
calibration solutions. The calibration curve, linear
regression equation, correlation coefficient (R 20.99),
detection limit (DL; DL >10DL), and background
equivalent level (BEC) obtained using the instrument
software (MassHunter 4.5) are shown in Figure 1. The
calculated values of R? (0.9998) and DL (0.02 ug/L)
confirmed the suitability of the method for determining
the iodine content in samples?’.

At the first stage of the study was the applicability
of the iodine content normalization ranges proposed in
foreign regulatory documents (RD) to pharmacopoeial
types of laminaria thalli (Laminaria saccharina L. and
Laminaria japonica L.)®, taking into account our own
experimental and literature data on the concentration
of the element in this herbal medicinal product (Table 4).

Table 4 demonstrates that the average (0.14%) and
maximum (0.46%) iodine content in pharmacopoeial
types of laminaria thalli correlates with the range of
normalization values proposed by the FDA (0.1-0.5%).
The lower level of permissible iodine content proposed

3 R 50.2.060-2008. The state system of ensuring the uniformity
of measurements. Implementation of standardized methods of
quantitative chemical analysis in the laboratory. Confirmation of
compliance with the established requirements (approved and put
into effect by Order No. 320-st of the Federal Agency for Technical
Regulation and Metrology dated November 25, 2008). Available from:
https://docs.cntd.ru/document/1200069291

#GOSTEN 15111-2015 Food products. Identification of trace elements.
Method of iodine determination by inductively coupled plasma mass
spectrometry (ICP-MS).

% GPhM.2.1.2.55. Inductively coupled plasma mass spectrometry.
Pharmacopoeia of the EAEU. Vol. 1, Part 2. Moscow: Publishing House
of the Eurasian Economic Commission; 2023. P. 48-50. Russian

6 |bid.

7 |bid.

8 PhM 2.5.0080.18 Laminaria of the stratum (sea cabbage). The State
Pharmacopoeia of the Russian Federation XIV ed.

Tom 13, Beinyck 1, 2025

by EPh (0.03-0.2%) is obviously due to the fact that
fucus algae, which are a pharmacopoeial family in
European countries, accumulate this element in smaller
guantities compared to laminaria algae [42, 43].

At the next stage, the range of
content (0.1-0.5%) was evaluated from the point
of view of the non-carcinogenic risk of its exposure during
oral intake into the body along with the therapeutic
dose of MHPs and dietary supplements based on
laminaria thalli. Non-carcinogenic risk is understood as

iodine

an indicator of the expected increase in the incidence of
the population due to the toxic properties of chemical
substances in the studied objects. When assessing non-
carcinogenic risk, it is assumed that there is a threshold
of harmful effect, below which toxic effects do not
develop. The main quantitative indicator of non-
carcinogenic risk is the hazard quotient (HQ), which
is equal to the ratio of the average daily dose of
consumption of the elemental impurity (ADD) to its safe
(reference) exposure level*® 2°:

_ ADD
HQ=Rfp
where RfD is the reference dose of iodine

(0.01 mg/kg?).
The value of ADD was calculated using the formula??:
Cx IR x EF x ED

ADD = —,
BW x AT

where C is the concentration of the studied
elemental impurity in laminaria thalli, mg/kg; IR is the
therapeutic dose of laminaria thalli, kg/day; EF is the
frequency of exposure during the year, days; ED is the
duration of exposure, years; BW is the average value of
human body weight (70 kg?3) AT is the averaging time of
exposure, days.

Information on the values of IR, EF, ED was
taken from the instructions for the preparations
presented in the State Register of Medicines. The
value of AT was equated to the expected human life
expectancy (70 years)*.

R 2.1.10.1920-04 Guidelines for assessing the risk to public health
when exposed to chemicals that pollute the environment, 2004.

20 Q3D(R2) Guideline for Elemental Impurities. International Council
for Harmonisation; 2022. Available from: https://database.ich.org/
sites/default/files/Q3D-R2_Guideline_ Step4_2022_0308.pdf

21 Regional Screening Level (RSL) Summary Table. United States
Environmental Protection Agency (USEPA); 2022. Available from:
https://semspub.epa.gov/work/ HQ/404057.pdf

22 United States. Environmental Protection Agency. Office of Emergency,
Remedial Response. Risk Assessment Guidance for Superfund: pt. A.
Human health evaluation manual. Available from: https://www.epa.
gov/sites/default/files/2015-09/ documents/rags_a.pdf

3 MU 2.3.7.2519-09 Determination of exposure and assessment of
the risk of exposure to chemical food contaminants on the population.
Methodological guidelines, 2009.

24 R 2.1.10.1920-04 Guidelines for assessing the risk to public health
when exposed to chemicals that pollute the environment, 2004.
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Table 1 — Regulation of iodine content in brown algae in some regulatory documents

Regulatory
document

Regulated iodine

Family Types S

SPREXIV ed.? Laminariaceqe ~-0TMinaria saccharinal. Not less than 0.1%
Laminaria japonica Aresch.
Fucus vesiculosus L.
EPh ed. 11.3%®  Fucaceae Fucus serratus L. 0.03-0.2%
Ascophyllum nodosum Le Jolis
Macrocystis pyrifera L.
Laminaria digitata Huds.
Laminaria cloustoni Edm.
Laminaria saccharina L.

FCC ed. 9% Laminariaceae 0.1-0.5%

Note: SP RF — State Pharmacopoeia of the Russian Federation; EPh — European Pharmacopoeia; FCC — Food Chemical Codex.

Table 2 — HPLC analysis conditions

Parameter Value
High-frequency plasma generator power 1500 W
Plasma gas flow (argon) 15 I/min
Nebulizer gas flow (argon) 1.01/min
Signal integration time 0,1s
Determined isotope (iodine) 127 amu
Internal isotope 125amu

Table 3 — Evaluation of the suitability of the analysis method

lodine content, %

No. of nominal value Metrology
1 107.98 B
2 102.32 Average value (Zi) — 103.10%,
3 99.09 SVStema‘nc er.ror.' (6) — 3.1%1
4 105.50 Standard deviation (SD) — 4.44 %,
' Coefficient of variation (RSD) — 4.31%,
> 96.90 Confidence interval (P=95%, a=0.05) is +4,65%
6 106.82

127 1 [tune1]
107 v =203334.3883 " x + 54206.0520
R = 05938
DL =0.02448 pph
BEC = 0.2666 ppb

CPS

0.5

200 400 600
Canc(ppb)

Figure 1 — Calibration curve, characterizing the suitability of the analytical method

% |bid.

26 Monograph 01/2008:1426 Kelp, in: European Pharmacopoeia, 11.3th ed., European Department for the Quality of Medicines & Health Care,
Strasbourg; 2022. Available from: https://pheur.edgm.eu/app/11-3/content/11-3/1426E. htm?highlight=on&terms=kelp

27.U.S. Pharmacopeia (USP). Food chemicals codex. 9 ed. Baltimore: United Book Press Inc; 2014. 1785p.
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Table 4 — lodine content in pharmacopoeial types of laminaria thalli

Concentration, mg/kg

No. Laminaria japonica L. Laminaria saccharina L.
Literary data

1. 2110([35] 238 [35]

2. 3040 [36] 957 [38]

3. 3400 [37] 1340 [39]

4, - 2630 [40]

5 - 3124 [41]

6. - 4600 [42]

Experimental data (Median

— 1791 mg/kg, max — 4600 mg/kg)

1216.74+31.05 (I-m)

716.98+16.94(II-s)*

2390.57+27.22 (II-p)

292.53+10.91 (Il-a)*

1473.65+25.96 (Ill-p)  —

899.30+61.73 (I-e)

VIR |w N

3700+108.9 (I-a)

Table 5 — Value of iodine hazard quotients during oral administration of therapeutic doses
of herbal medicines based on laminaria thalli

Herb_a! Cour'se' of ‘ IR, ke EF, days C, . 3000 mg/kg Cys, 5000 mg/kg
medicines administration "’ ’ ADD, mg/kgxday HQ ADD, mg/kgxday  HQ
I-m, II-m,  Minimum 0,0015 15 2,6x10°3 0,26 4,4x10° 0,44
I1-m Maximum 0,003 30 0,01 1,0 0,0176 1,76
V-m, Vom Minimum 0,0002 90 2,1x10°3 0,21 3,5x10°3 0,35
Maximum 0,0006 270 0,02 2,0 0,0317 3,2

Note: the average concentration of the range 0.1-0.5% (0.3% or 3000 mg/kg) was taken as the value of Cmed, and the maximum concentration
of the specified range (5000 mg/kg) was taken as C95%. IR — therapeutic dose of laminaria thalli, kg/day; EF — frequency of exposure during the
year, days; ED — duration of exposure, years; AT — averaging time of exposure, days; HQ — hazard quotient.

Table 6 — Hazard quotient values for iodine in oral dietary supplements

Course

Supplement of administration C, mg/kg IR, kg EF, days ADD, mg/kgxday HQ
Minimum 180 0.0014 0.14

I- 1 . 2

s Maximum 000 0.000 360 0.003 0.28

Mini 1 .0014 14

ll-s LUl 1000 0.0002 80 0.00 0
Maximum 360 0.003 0.28
Minimum

1l-s - 2000 0.0005 30 0.001 0.12
Maximum
Minimum

IV-s - 100 0.0045 30 0.0005 0.05
Maximum
Minimum* 1200 0.001 30 0.0014 0.14

Ves Maximum#* ’ 60 0.003 0.28
Minimum** 30 0.0003 0.04
Maximum** 600 0.0005 60 0.0007 0.07

Notes: * course of administration for adults; ** course of administration for children. Supplement — dietary supplement; C — concentration of
the studied elemental impurity in kelp thalli, mg/kg; IR — therapeutic dose of kelp thalli, kg/day; EF — exposure frequency during the year, days;

AT — exposure averaging time, days; HQ — hazard quotient.

Table 7 — lodine content in samples of dietary supplements I-s and Il-s

lodine content, mg/kg

No.
I-s Il-s
1 3021 3348
2 3094 3407
3 3189 3443
Average 3101+209.1(2.7) 3399+119.1(1.4)

Tom 13, Beinyck 1, 2025
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The HQ value was calculated at two concentration
levels (median and 95th percentile®®. It should be
noted that there are no criteria in Russian and foreign
regulatory documents for assessing HQ values from
the point of view of the admissibility of the negative
impact of a single elemental toxicant. They are
presented only for the total hazard index (HI), which
is defined as the sum of the hazard quotients of all
analyzed contaminants. It is generally accepted that
atHI__ >1,thereis an unacceptable impact of elemental
contaminants on human health, requiring appropriate
safety measures. The combination of HI <1 and

d
HI,,, <1 indicate no risk to human health from the action

of 5(f'ontaminants. In a situation where HI__ <1, but
HI,,, >1, it is necessary to strengthen control over the
content of contaminants with the greatest contribution
to exposure. Taking into account the fact that the
iodine content in laminaria thalli is significantly higher
than the content of heavy metals and inorganic arsenic
in them, these criteria were used to assessing HQ
values for iodine.

In Russia, MHPs based on laminaria thalli are used
to treat chronic atonic constipation (phytopreparation
“Laminaria thalli, sea kale”), which is crushed and
dried pieces of laminaria thalli from various
manufacturers (I-m, lI-m and Ill-m) with the same course
of administration and dosage) and for the treatment
of mastopathy (tablets “Mammoklam” (IV-m) and
“Mammolain” (V-m) based on iodine-lipid complex from
laminaria thalli with the same course of administration
and dosage). In accordance with the instructions for use,
the minimum iodine content in all these preparations
is 0.1%, which is the same as in the original herbal
medicinal product. The values of IR and EF were
determined based on the method of administration and
therapeutic doses of herbal medicinal products, and
ED — by the difference from the average life expectancy
(70 years)® and the age of starting the medicine:

e |-m, ll-m and Illl-m: half or 1 teaspoon
(or 1.5-3 g) for 15-30 days at the age of 12 years®
(IR=0.0015-0.003  kg;  EF=15-30  days,
ED=58 years, AT=365%ED);

e |V-m and V-m: 2—6 tablets of 100 mg from 1 to
3 months with a break of 2 weeks to 3 months
from 18 years®® (IR=0.0002-0.0006 kg,
EF=90-270 days, ED=52 years, AT=365xED)

28 United States. Environmental Protection Agency. Office of Emergency,
Remedial Response. Risk Assessment Guidance for Superfund: pt. A.
Human health evaluation manual.

2 MU 2.3.7.2519-09 Determination of exposure and assessment of
the risk of exposure to chemical food contaminants on the population.
Methodological guidelines; 2009.

30 The State Register of Medicines of Russian Federation. Laminaria of
the stratum (sea cabbage). Available from: https://grls.rosminzdrav.
ru/Grls_View_ v2.aspx?routingGuid=28e7b04d-2b7f-47e4-8f9f-
d83e42c12d97

3 The State Register of Medicines of Russian Federation.
Mammoline. Available from: https:// grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=54f29d82-60f5- 4a67-b770-fd134b96bdb7
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The results of the assessment of non-carcinogenic
risk associated with the toxic effect of iodine during
oral administration of therapeutic doses of various
herbal medicines are presented in Table 5.

HQ was calculated for oral administration of
dietary supplements based on laminaria thalli (Table 6).
Data on the content, courses of administration
(minimum and maximum) of iodine were taken from
the information on the packaging or instructions for use
of the supplement.

For supplements I-s and Il-s, the actual iodine
content in the samples was determined according to
GOST EN 15111-2015%%. The results of determining
the iodine content in these samples are presented
in Table 7.

As a result of the studies, it was found that the
iodine content in supplement I-s was 3101+209 mg/kg,
and for supplement Il-s — 3399+119 mg/kg.

Table 4 demonstrates that with the minimum
therapeutic dose and course of treatment of MHPs
I-m, 1l-m and IlI-m, there is no risk of negative effects
of iodine on the human body and control over its
content is not required. At the maximum therapeutic
dose and course of treatment, the risk level falls into
the category of the maximum permissible, which
entails the need to control the iodine content in this
drug. The intake of MHPs IV-m and V-m, its minimum
therapeutic dose and duration of administration are
also not associated with a risk to human health. Taking
the maximum therapeutic dose during such a course of
treatment, as provided for in the instructions for use,
leads to unacceptable exposure to iodine on human
health. This requires appropriate security measures. As
such a measure, we recommend reducing the maximum
frequency of drug administration to 140 days per year.
In this case, the HQ value at an iodine concentration
of 0.5% in MHPs IV-m and V-m and a therapeutic dose
of 6 tablets per day will not exceed 1. It is important
to note that information on contraindications of taking
medicines for the treatment of mastopathy associated
with thyroid dysfunction is given in the instructions
for these medicines. Both doctors and patients
need to carefully assess the risks of using these
medicines.

Separately, it is worth focusing on supplements
based on kelp thalli. It should be noted that the
market for supplements made from algae is developing
with unprecedented dynamics [44-46] and they are
increasingly being chosen as an easy way to enrich
the daily diet with vitamins and minerals. At the
same time, the consumer is often mistaken believing
that supplements are controlled for the content
of contaminants and active substances similarly to
medicines due to the similarity of finished forms

32 GOSTEN 15111-2015 Food products. Identification of trace elements.
Method of iodine determination by inductively coupled plasma mass
spectrometry (ICP-MS).
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(tablets, capsules, drops, liquid or powder) and the
general place of sale (pharmacy). Despite the fact that
the norms for the iodine content in supplements based
on kelp thalli are indicated on the packaging, state
control of the concentration of this element during
quality examination in finished products is not carried
out, unlike LRP. This is due to the fact that supplements
do not have a proven pharmacological -effect
and information about their exact composition is
missing [47].

According to the data obtained (see Table 5),
if supplements are taken in accordance with the
manufacturer’s recommendations, in no case will
the HQ exceed 1, provided that their composition
corresponds to that indicated on the packaging. It
should be noted that the iodine content in tablets of
supplements I-s and Il-s on the packaging corresponds
to its content in 0.1%, while the actual content
of this element, determined according to GOST, is
more than 3 times higher than the indicated value.
The HQ for the real value with daily intake for 1 year is
almost equal to one — the value after which the risk
becomes unacceptable. It follows from this that the

iodine content in supplements based on kelp thalli also
needs to be controlled.

CONCLUSION

Medicines based on thalli kelp in Russia are used to
treat diseases not directly related to iodine deficiency
in the human body. Therefore, with high contents of
this element in the initial raw materials, prolonged use
of such drugs in the maximum permissible therapeutic
doses leads to the risk of developing hyperthyroidism in
such patients. Warnings about the possible appearance
of hyperthyroidism in the instructions are not enough;
it is necessary to change the principle of rationing the
iodine content in the pharmacopoeial article “Laminaria
thalli (sea kale)”. It is recommended, to give the range of
permissible content of this element (0.1-0.5%), instead
of the existing iodine content norm (not less than 0.1%),
which corresponds to its real content in pharmacopoeial
types of kelp thalli. People with thyroid dysfunction
should use supplements based on brown algae with
caution due to the high variability of iodine content,
as well as the possible difference between the real
and theoretical content of this element in supplements.
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Since antiquity, essential oils are considered as a source of bioactive molecules. Some of them have been shown to possess
antiviral activities against various virus strains, among them SARS-CoV-2.

The aim of this study is the search for compounds, among minor components extracted from different aromatic and medicinal
plants collected from Algerian pharmacopeia, which may posses possible COVID-19 antiviral activities, by molecular docking
in the active site of SARS-CoV-2 main protease.

Materials and methods. Thus, in this study 66 compounds which are declared at traces amount by authors in the
composition of the essential oils, and selected from 9 Algerian medicinal plants were docked in the active site
of SARS-CoV-2 main protease as possible inhibitors of SARS-CoV-2.

Results. The obtained result shows that only Cembrene constitutes the structure with the best affinity in the binding site of
the enzyme with a Bioavailability Score “ABS” equal to 0.55 which confirm non Lipinski violations. However, the compound
is predicted not orally bioavailable, because too lipophilic (lipophilicity: Log P~ (XLOGP3)=6.04>+5.0) and less polar
(polarity: TPSA=0.00A2<20 A2), and it is also predicted as not absorbed, not brain penetrant and not subject to active efflux
from the CNS or to the gastrointestinal lumen.

Conclusion. This result deserves to be more detailed and either confirmed or invalidated with a view to better and rational
exploitation.

Keywords: cembrene; pharmacokinetic; COVID-19; bioavailability score; Algerian medicine; molecular docking
Abbreviations: ABS — Abbot Bioavailability Score; ACE-2 — Angiotensin-Converting Enzyme 2; ADME — Absorption,
Distribution, Metabolism, Excretion; ADMET — Absorption, Distribution, Metabolism, Excretion, Toxicity, Ala — Alanine;
AMES — Assay of the ability of a chemical compound to induce mutations in DNA, Asn — Asparagine; BBB — Blood—Brain
Barrier; Caco-2 — Colon Cancer Cell Line; CLogP — Octanol/Water Partition Coefficient; CLpro-3 — Enzyme 3-Chymotrypsin-
Like protease; CNS — Central Nervous System; COVID-19 — Coronavirus Disease-19; CYP — Cytochrome; CYS — Cysteine;
EOs — essential oils; GIn — Glutamine; Glu — Glutamic acid; Gly — Glycine; HB — Hemoglobin; hERG — human Ether-a-go-
go-Related Gene; HIA — Human Intestinal Absorption; HIS — Histidine; HSV-1 — Herpes Simplex Virus type 1; Leu — Leucine;
MDCK — Madin-Darby Canine Kidney; Met — Methionine; MlogP — Moriguchi logP; MW — Molecular Weight; MWT —
Molecular Weight; OCT — Octanol; pdb code 6LU7 — Protein Data Bank (crystal structure of COVID-19 main protease);
Phe — Phénylalanine; PkCSM — Predicting small-molecule pharmacokinetic and toxicity properties; PLpro — Papain Like
protease; PGP — Permeability-GlycoProtein; Pi-sigma — sigma (o) and pi (i) bonds; Pro — Protein; PSA — Polar Surface
Area; RdRp — RNA-dependent RNA polymerase; QSAR — Quantitative Structure Activity Relationships , RNA — Ribonucleic
Acid; SARS-CoV-2 — Severe Acute Respiratory Syndrome Coronavirus 2; Thr — Threonine; TPSA — Total Polar Surface Area;
VDss — volume of distribution; WLOGP — Wildman-Crippen LogP (Water Partition Coefficient (logP)); XLOGP3 — Octanol-
Water Partition Coefficient (logP).

For citation: B. Yabrir, A. Belhassan, T. Lakhlifi, G.S. Moran, M. Bouachrine, L.G. Candia. SARS-CoV-2 Main Protease inhibitors in trace
constituents from Algerian herbal medicines wusing in silico approaches. Pharmacy & Pharmacology. 2025;13(1):56-66.
DOI: 10.19163/2307-9266-2025-13-1-56-66
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OnpepeneHne NHrIMG6MTOPOB OCHOBHOM npoTtea3bl SARS-CoV-2

B CrieoBbIX KONIM4eCcTBaxX KOMMOHEHTOB alNKUPCKUX pacTUTENbHbIX
JfleKapCTBEeHHbIX CpeacTB C UCMOSfIb30OBaHUEM MeToaoB in silico
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C gpeBHUX BpeMeH 3GUpHble Macaa CYUTANINCb UCTOYHUKOM BUONOTMYECKN aKTUBHbIX coeMHEeHWI. bblno gokasaHo, 4To
HEeKoTopble U3 HUX 061a43a0T NPOTUBOBUPYCHOM aKTUBHOCTBIO B OTHOLUEHUWM PAa3/IMYHbIX LUITAMMOB BMPYCOB, B TOM Yncne
SARS-CoV-2.

Lienbto faHHOTO MCCIeA0BaHNA CTasl MOUCK COeANHEHWUI Cpesy BTOPOCTENEHHbIX KOMMOHEHTOB, BblAENEHHbIX U3 Pa3INYHbIX
APOMATUYECKUX M IEKAPCTBEHHbIX PACTEHUIA, KOTOPbIE MOTYT 06134aTb BO3MOXHOW NPOTUBOBUMPYCHOM aKTUBHOCTbLIO NPOTUB
COVID-19 nyTem MONEKYNAPHOrO AOKMHIA B aKTUBHOM LLEHTPE OCHOBHOM npoTeasbl SARS-CoV-2.

Matepuanbl U1 metogbl. ABTOpaMu UcCefoBaHbl 66 COeAMHEHUI, COAEPMKALLMXCA B CNeA0BbIX KOMYECTBaxX B COCTaBe
adupHbIX Macen. CoegMHEHUA MoayYeHbl U3 9 NeKapCTBEHHbIX PACTeHW, MPOM3PACTAOWMUX Ha Tepputopuu AXKMpa.
WNccnepyemble coefnHeHUA Bbinn BKAOYEHbI B aKTUBHbIW LLEHTP OCHOBHOM npoTtea3bl SARS-CoV-2 B KayecTBe BO3MOMKHbIX
MHrMbuTopos SARS-CoV-2.

Pe3ynbratbl. MMosy4YeHHble pe3ynbTaTbl MOKA3bIBalOT, YTO TONbKO YemMbpeH npeactaBnseT coboi CTPYKTypy C Hauay4ywen
adpdMHHOCTBIO B caliTe cBA3bIBAHMA GepMeHTa C NoKasaTesieM 6MOAOCTYNHOCTH, paBHbIM 0,55, UTo NoATBEPKAAET OTCYTCTBUE
HapyweHuin npasuna JIMnuHckn. OAHaKo NPOrHo3MpyeTcs, YTO coeAuHeHue He byaeT obnagatb 6MOAOCTYNHOCTbLIO
npy nepopasbHOM NpUéme, B CBA3N C M36b|TO‘4I—!OVI nM!‘IOd)Ml]bHOCTbPO (nunodunbHocte: Log P, (XLOGP3)=6,04>+5,0)
N HU3KOM MonspHocTbio (nonapHocTb: TPSA=0.00A%<20 A?). Takxe cneayer oTMETUTb, Y4TO YeMbBpeH He BCacbiBaeTcs, He
NPOHUKAET B MO3T 1 He NoABepraeTca akTuBHoMy oTToky U3 LUHC nnau B npocset XKKT.

3aKknoueHue. [lpeactaBneHHble pe3ynbTaTbl 3acayXupaloT 6onee NogpobHOTO ONUCaHWA, MNOATBEPNKAEeHWUA, Mbo
QHHYMPOBaAHWA C Lenbto 6onee 3pPeKTUBHOIO 1 pPaLMOHANbHOTO MCMNOb30BaHUSA.

KnioueBble cnoBa: yembpeH; dapmakokmHeTuKa; COVID-19; 6M0A0CTYNHOCTb; a/KMPCKAa MeAMUUHA; MOJIEKYNAPHbIN
DOKUHT

Cnucok cokpaweHui: JIC — nekapcTBeHHoe cpeactso; JIP[T — feKapCTBEHHbIM pacTUTeNbHbIM npenapaT; BAC —
b6uonornyeckn akTuBHble coeauHeHua; ACE-2 — aHrmoteHsuHnpeBpawgawowmii depmeHt 2; ADME — BcacbiBaHue,
pacnpeaeneHune, metabonmam, akckpeumn; ADMET — BcacbiBaHWe, pacnpeseneHne, MeTaboim3m, SKCKpeLuns, TOKCUYHOCTb;
Ala — anaHuH; AMES — aHann3 cnocobHOCTM XMMMUYECKOTO COeANHEHMA UHAYLMPOBaTb MyTaunun B [IHK, Asn — acnaparuH;
6 — remaTosHuedpannyeckmnin bapbep; Caco-2 — NMHUA KNETOK paKa TONCTOM KULWKK; ClogP — KoadduumeHT pasgeneHumsa
OKTaHona u Boapl; CLpro-3 — depmeHT 3-xumoTpuncMHonogobHas npoteasa; LUHC — wueHTpanbHaa HepBHasA cCUCTEMA;
CYP — yutoxpom; CYS — uuctenH; IM — adupHble macna; Gln — mtotamuH; Glu — myTamuHoBas Kucaota; Gly — rnumh;
Hb — remornobuH; hERG — reH cneumduyeckmx Kanmesblix KaHanos cepaua; HIS — ructmaun; HSV-1 — Bupyc npoctoro
repneca 1-ro Tuna; Leu — neriunH; MDCK — kneTkn MagmH-[apbu nouku cobaku; Met — metmoHuH; MM — moneKkynapHas
macca; OCT — okTaHon; pdb-kog 6LU7 — KpucTanimMyeckan CTpyKTypa OCHOBHOM npoTteasbl COVID-19; Phe — dpeHunanaHuy;
PkCSM — nporHo3upoBaHue ¢(apMaKOKMHETUYECKMX W TOKCUYECKUX CBOMCTB HU3KOMOJIEKYNAPHbLIX COEAUMHEHWUI;
PLpro — nanauHonogobHas npoteasa; PGP — raukonpotenH P; MMMM — njowaab MONEKYNAPHON MNONspHOWM
nosepxHoctn monekyn; RdRp — PHK-3aBucumaa PHK-nonnmepasa; QSAR — COOTHOLWEHWE KONMYECTBEHHOM CTPYKTYpbI
N aktmBHocTU; PHK — puboHyknenHoBas Kucnota; Thr — TpeoHuH; TPSA — obuian naowaab NONSAPHON NMOBEPXHOCTHU;
VDss —ob6bem pacnpegenenuns; WLOGP — koadduumeHT pasgenerms soabl (logP); XLOGP3 — KoabduumMeHT pasgeneHus
OKTaHona v Boapl (logP).

INTRODUCTION
The SARS-CoV-2 virus, causative agent of the
now, COVID-19, is

raised great public

around the world [4].

pandemic has
socioeconomic concern all

most dangerous pandemic till As on February 2021, there have been over 100

health and

the seventh coronavirus [1] appeared in less than
twenty years. The structure of this virus is greatly
established [2], and well described [3]. This emerged
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million cases and more than 2 million deaths reported
since the start of the pandemic [5]; which mean that
the pandemic spread very quickly and the numerous
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routes of virus transmission have been described
in the literature [3]. Knowing the mechanisms of
virus infection, penetration into the host cell [1, 6],
endocytosis then membrane fusion [7], and its
replication cycle [8]; several antiviral strategies have
been studied and proposed, among other inhibition
of entry of SARS-CoV-2 into the host cell [9], Inhibition
of the protease of SARS-CoV-2 [10], Inhibition of the
synthesis (replication) of viral RNA [1]. These have
constituted potential targets, in probable therapeutic
treatments of Covid-19, for drug molecules. Based on
previous experiences, drugs have been suggested as
promising therapies for the treatment; among which
and the most studied, we cite, by way of example:
Hydroxychloroquine and chloroquine are used
to inhibit SARS-CoV-2 binding to the ACE-2 receptor
and impedes membrane fusion [4], or to block the
replication of enveloped viruses by inhibiting the
glycosylation of envelope proteins) [11]; Remdesevir
is designed to inhibit viral RdRp, an enzyme that is
integral to viral RNA replication. Without viral RNA
replication, the virus is unable to multiply and spread
to the infected host’s other cells and reduces viral
load [4]. As protease inhibitors, Lopinavir in combination
with ritonavir may inhibit the action of 3CLpro [12],
enzyme 3-chymotrypsin-like protease which plays a
crucial role in processing the viral RNA, by disrupting
the process of viral replication and release from host
cells [13]; and others, in the process of testing and
experimentation. However, none of these drugs are
immune to side effects (unwanted), to contraindications,
to precautions, and to drug interactions; in addition,
not all researchers agree on the same opinion on the
use of these drugs in the treatment of the pandemic,
the pros and cons.

For these reasons and for others, the return
to nature is required. Thereby, according to some
authors [14] herbal medicines and medicinal plant-based
natural compounds offer considerable potential for the
development of new agents effective against infections
currently difficult to treat and provide a rich resource for
novel antiviral drug development. For example, some
natural medicines have been shown to possess antiviral
activities against various virus strains [14]. So, plants
have been utilized for the isolation of novel bioactive
compounds as they synthesize a vast number of
chemical compounds with complex structures. Natural
products, either as pure compounds or as standardized
plant extracts, provide unlimited opportunities for

58

new antiviral drugs, since their chemical diversity
provides unmatched availability [15]. Indeed, over 70%
of therapies have a natural origin or were motivated
by natural product chemistry [16]. Therefore, Ledn-
Méndez et al [17] consider essential oils “EOs” (complex
mixtures of odorous and volatile compounds naturally
produced by plants as secondary metabolites and stored
with
molecular weights and diverse chemical structures, and

in special fragile secretory structures, low
which bears tens to hundreds of varieties of molecules) as
a source of bioactive molecules.

Biological properties of EOs are highlighted [17].
The effectiveness of EO has been attributed mainly
to the presence of bioactive compounds in their
[18].
attributed, in some cases, both to major components

composition These biological activities are
and to the minor ones present in these oils, but
generally the essential oil, in its totality, acted less than
the major constituents [19]. According to Pengelly [20],
it is often the unique chemical combination rather
than a single component that is responsible for any
therapeutic activity. Antiviral activity is one of the other
biological activities, which was document. Thus, Ma and
Yao [21] summarizes the antiviral properties of EOs from
different aromatic plants and EO-derived components
on different virus and Tariq et al. [22] enumerates
the major constituents of Medicinal and aromatic
plants along with their antiviral activities. There, many
studies reporting antiviral activity of natural products
or isolates against human coronavirus strains are
summarized by others [23].

The results of several studies concerning the
antiviral efficacy of essential oils from a wide range of
plant species led Ma and Yao [21] to draw the following
conclusions, for each study: for a study, antiviral efficacy
of the EO could be ascribed to its principle; for another,
component minor components may be more bioactive
than the primary component; among others, either
minor or primary are responsible for EO bioactivity;
others studies suggest that individual terpene in EO
may not contribute equally to the antiviral efficacy
of the EO mixture; and concluded that the antiviral
effectiveness of EOs can be contributed unequally to
the active components, either minor or principle ones,
and underlying synergism. It is necessary to point out
that to search for potential and specific inhibitors of
Coronavirus, the virtual screening is mostly carried out
to identify novel phytochemicals against SARS-CoV-2
from different plants. In addition, Wani et al. [24] noted
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that the data available on anti-COVID-19 activity of
essential oils is mostly based on in vitro studies and
computer aided docking techniques. In this way, four
proteins (spike proteins, RdRp “RNA-dependent RNA
polymerase”, 3CLpro “chymotrypsin-like protease”, and
PLpro “papain like protease”) which are essential for
the pathogenicity of virus [14] constitute the molecular
targets of natural products against coronavirus [23].
As an example, spike protein was selected for virtual
screening [25], main protease [26], PlLpro [27],
RdRp [28], and 3CLpro [27] all most In Silico screening.
Moreover, it has been shown that enveloped viruses
respond sensitively to essential oils [15].

Thus, in continuation with our previous works [29],
about minor components, extracted from different
aromatic and medicinal plants collected from Algerian
pharmacopeia, which were docked in the active site
of SARS-CoV-2 main protease as possible inhibitors of
SARS-CoV-2, so we consequently docked another minor’s
one, declared as in trace amount by authors, to main
protease to look for possible CoVid-19 antiviral agents.

THE AIM of this study is the search for compounds,
among minor components extracted from different
aromatic and medicinal plants collected from Algerian
pharmacopeia, which may posses possible COVID-19
antiviral activities, by molecular docking in the active
site of SARS-CoV-2 main protease.

MATERIALS AND METHODS

Data collection

66 compounds were selected from nine medicinal
plants growing wild in Algeria namely, Artemisia
arborescens L. (1 compound), Pinus halepensis Mill.
(4 compounds), Eucalyptus spp. (1),
oxycedrus L. (16), Myrtus communis (4), Ocimum

Juniperus

basilicum (1), Ocimum gratissimum (2), Thymus
munbyanus (28), Teucrium polium (10). On the one
hand, all these plants are known, in the traditional
Algerian pharmacopoeia, to treat pulmonary diseases
and in general diseases of the respiratory system.
On the other hand, compounds selected were those
which are declared at traces amount by authors in the
composition of the essential oils of these plants.

Molecular Docking

We performed a docking of studied compounds
in the binding pocket of SARS-CoV-2 main protease
(pdb code 6LU7) [30], to determine binding affinity
and study the intermolecular interactions of studied
molecules in the specific target. Molecular docking

Tom 13, Beinyck 1, 2025

was implemented by means of the AutoDock program.
Autodock vina was used for docking of ligand [31]
and Autodock tools 1.5.6 to analysis the resuls [32].
Discovery Studio 2016 program was used to obtain
the binding site of crystallographic structure of SARS-
CoV-2 main protease (pdb code 6LU7) [33]. The
active site of SARS-CoV-2 main protease (pdb code
6LU7) with coordinates (x=-10.782, y=15.787 and
z=71.277) has been determined on the basis of the
co-crystallized ligand N3 [34]. The grid box parameters
were 20x34x20 xyz points with a grid spacing of 1 A,
the grid box was made keeping active site in the center
of the box and cover the folic acid binding site in the
enzyme (generated using the co-crystallized ligand (N3)
as the center for docking) [34]. To prepare ligand and
enzyme, an extended PDB format, termed PDBQT, was
used for coordinate files, which includes atomic partial
charges and atom types using Autodock tools 1.5.6.
Torsion angles were calculated to assign the flexible
and non-bonded rotation of molecules. The docked
results were visualized and analyzed using the Discovery
Studio program [35]; And calculation were performed
according Hernandez-Santoyo et al. [36].

Lipinski’s Rule of five and ADMET Prediction

According Lipinski et al [37], the rule of five predicts
that poor absorption or permeation is more likely
when there are more than 5 H-bond donors, 10 H-bond
acceptors, the molecular weight (MWT) is greater
than 500 and the calculated Log P (CLogP) is greater
than 5 (or MlogP >4.15). That rule drug likeness for orally
available drugs was calculated by using pkCSM [38] web
servers. Molecules violating more than one of these
parameters may have problems with bioavailability and
a high probability of failure to display drug-likeness [39].

ADMET concept that focuses on
absorption, distribution, metabolism, excretion (ADME)
and toxicity characteristics in safe medicines. So, in
silico approaches were used to predict and model the
most relevant pharmacokinetic, metabolic and toxicity
endpoints, thereby accelerating the drug discovery
process [40, 41]. The computational prediction of the
pharmacokinetic parameters/properties of isolated
compounds was done using pkCSM [38] web servers.

is another

RESULTS AND DISCUSSION

Molecular Docking

Molecular docking was performed to find the poses
and possible types of interactions between the 66
studied natural compounds molecules and SARS-CoV-2
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Mpro (pdb code 6LU7). The results are presented in
Table 1.

The study shows that Cembrene is the best
compound with binds with the pocket of SARS-CoV-2
Mpro; which could have more inhibitory potential
against SARS-CoV-2 main protease than the other
studied compounds. It is one of elements declared
at amount trace in the essential oil of Juniperus
oxycedrus L. Previous study showed another minor
compound (Abietatriene), for the same species, which
have potential inhibition against SARS-CoV-2 main
protease with an estimated free binding energy of
-6.4 kcal/mol [29]. The essential oils of this species
revealed antiviral activity against SARS-CoV and HSV-1
replication in vitro; the effectiveness was assessed by
visually scoring of the virus induced cytopathogenic
effect post-infection [42]. Also, it is reported in the
literature that this species is used in folk medicine in the
treatment of many infectious diseases [43].

“Cembranes” family are the most widely occurring
diterpenes in Nature and from which hundreds have
been isolated, mainly from three sources tobacco,
Caribbean gorgonians, and Pacific soft corals [44].
Cembrene, the first naturally occurring 14 memhered
oHyy Fig. 1) to
be characterized, is found in pine oleoresins [45].

cyclic diterpene hydrocarbons (C

According Han et al. [46], the structure of a compound
determines its physical and chemical properties as well
as the ADMET. A range of biological activities has been
reported for cembranes, against tumors, inflammation,
as well as microbial and/or viral infections [47-49].
Cembrene seems be to inhibit viral receptor with a
docking score of -6.3 kcal/mol through the Alkyl bond
with CYS-145 and Pi-sigma HIS-41 (Fig. 2). Such types
of bond help to improve the hydrophobic interaction
of the ligand in the binding pocket of the receptor [50].
According the same authors, a large number of Pi-sigma
interactions, which largely involves charge transfer,
helps in intercalating the drug in the binding site of the
receptor and, on the other hand, the complex stability
can be linked to the with extra Pi-sigma interaction.
Elsewhere, many other types of hydrophobic/
hydrophilic interactions were also perceived comprising
Van der Waals, Conventional Hydrogen Bonds, Amide-
Pi Staked, Carbon Hydrogen Bond, and Alkyl/Pi-Alkyl
types. These interactions were shaped between The
N3 co-crystallized ligand with Asn142, Glu 166, His 164,
Gly 143, Thr 190, GIn 189, His 163, Phe 140, Leu 141,
Met 165, His 172, Leu 167, Ala 191, Met 167, Pro 168,
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Met 49, His 41 amino acids residues in the active site of
studied enzyme, SARS-CoV-2 Mpro (-6.9 kcal/mol) [51].

Lipinski’s Rule of five and ADMET Prediction

The molecular weight and other parameters
for cembrene are shown in table 2. Cembrene was
found to be fitting well with the Lipinski rule of 5 for
drug likeliness, with one violation concerning Log P,
whereas the co-crystallized ligand presented three
Lipinski Violations. The n-octanol-water partition
coefficients, usually expressed as logP values, are used
as a measure of lipophilicity and the importance of the
use of these values in quantitative structure activity
relationships (QSAR) is well established for prediction of
biological or pharmacological activity of compounds [52].
The logP is closely related to the transport properties
of drugs and their interaction with receptors [53].

These physicochemical parameters are associated
with acceptable aqueous solubility and intestinal
permeability and comprise the first steps in oral
bioavailability [54]. For example, the higher molecular
weight compounds are in general less likely to be orally
active than lower one; also, rotatable bond count is now
a widely used filter following the finding that greater
than 10 rotatable bonds correlate with decreased oral
bioavailability. In a general way, Oral drugs are lower
in MWT and have fewer H-bond donors, acceptors and
rotatable bonds [54], which coincides with our result.

The computational prediction of the pharmacokinetic
parameters/properties of Cembrene are displayed in
Table 3. Pharmacokinetic parameters are derived from the
measurement of drug concentrations in blood or
plasma [40]. Han et al. [46] attribute each parameter
to some factors which depend like that: the absorption
of drugs depends on factors including membrane
permeability [indicated by colon cancer cell line
(Caco-2)], intestinal absorption, skin permeability
levels, P-glycoprotein substrate or inhibitor. The
distribution of drugs depends on factors that include
the blood—brain barrier (logBB), CNS permeability,
and the volume of distribution (VDss). Metabolism is
predicted based on the CYP models for substrate or
inhibition (CYP2D6, CYP3A4, CYP1A2, CYP2C19, CYP2C9,
CYP2D6, and CYP3A4). Excretion is predicted based on
the total clearance model and renal OCT2 substrate. The
toxicity of drugs is predicted based on AMES toxicity,
hERG inhibition, hepatotoxicity, and skin sensitization.
For more detail, Waterbeemd and Gifford [40] well
described and reviewed the key pharmacokinetic
parameters and their importance for the dose regimen
and dose size.
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Table 1 — Affinity of the best conformation in the binding pocket of SARS-CoV-2 Mpro

Compounds Score (kcal/mol) Compounds Score (kcal/mol)
Methyl eugenol -4.9 Phellandrene -4.5
Tricyclene -4.0 trans-PinoCarveol -4.5
Terpinen-4-ol -4.7 Neryl acetate -5.2
a-Terpinyl acetate -5.2 a-Bisabolol -5.7
Manoyl oxide -5.8 Isoamyl 2-methyl butyrate -4.4
S-Terpineol -5.2 n-Nonanal -3.8
d-3-Carene -4.4 Z-Thujone -4.5
n-Octanol -3.6 E-Verbenol -4.8
n-Nonanal -3.8 Thuj-3-en-10-al -4.9
Terpin-1-ol -4.8 Geraniol -4.8
Fenchyl acetate -4.9 Geranial -4.6
cis-Carveol -4.6 a-E-Bergamotene -5.0
trans-Piperitol acetate -5.0 14-hydroxy-a- Muurolene -5.5
trans-B-Damascenone -4.9 B-Bisabolenol -5.9
B-Calacorene -5.8 Dibutyl phthalate -5.6
7-epi-a-Eudesmol -5.7 a-Terpinolene -4.9
Juniper camphor -5.4 4-Terpineol -4.7
(E,Z)-Farnesol -5.3 cis-Linalool oxide -4.7
B-Bisabolenal -5.8 n-Octanol -3.6
(Z,E)-Farnesyl acetate -5.6 6,7-Epoxymyrcene -4.3
(E,E)-Farnesyl acetate -5.8 n-Nonanal -3.8
Cembrene -6.3 trans-Thujone -4.9
(3Z)-Hexenol -3.8 trans-p-Mentha-2,8-dien-1-ol -4.8
n-Hexanol -3.6 cis-p-Mentha-2-en-1-ol -4.8
3-Octanone -3.9 cis-Limonene oxide -4.9
3-Octanol -3.9 trans-limonene oxide -4.6
Isoborneol -4.6 6-Elemene -4.9
Trans-pinocamphone -4.8 n-hexadecanoic acid -4.4
Neral -4.6 a-trans-Bergamotene -5.2
p-Vinylguaiacol -4.8 cis-Muurola-4(14),5-diene -5.1
Sesquicineole -5.7 n-Heptacosane -4.1
o-Calacorene -5.6 n-Nonacosane -4.3
Cyclocolorenone -5.5 n-Dotriacontane -4.1

Table 2 - Lipinski’s rule of potential inhibitor: Cembrene

Log P HB Acceptor HB Donor Rotatable bonds MW, g/mol Lipinski violations
Rule <5 <10 <5 <10 <500 <1
Cembrene 6.62 0 0 1 272.47 1

Note: HB — hemoglobine; MW — molecular weight.

Figure 1 — Structures of Cembrene! with the best Affinity in the binding pocket of SARS-CoV-2 Mpro.

* Cembrene. PubChem. Available from: https://pubchem.ncbi.nlm.nih.gov/compound/Cembrene
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Table 3 — In silico ADMET prediction of potential inhibitor: Cembrene

Property Model Name Unit Numeric/Categorical (Yes/No) Predicted Value
Water solubility log mol/L -7.207
Caco2 permeability log Papp in 10 cm/s 1.458
Intestinal absorption (human) % Absorbed 94.374

Absorption Skin Permeability log Kp -1.675
P-glycoprotein substrate Yes/No No
P-glycoprotein | inhibitor Yes/No No
P-glycoprotein Il inhibitor Yes/No No
VDss (human) log L/kg 0.667

o Fraction unbound (human) Fu 0.107

Distribution
BBB permeability log BB 0.689
CNS permeability log PS -2.206
CYP2D6 substrate No
CYP3A4 substrate No
CYP1A2 inhibitior No

Metabolism CYP2C19 inhibitior Yes/No Yes
CYP2C9 inhibitior No
CYP2D6 inhibitior No
CYP3A4 inhibitior No

. Total Clearance log ml/min/kg 1.48

Excretion
Renal OCT2 substrate Yes/No No
AMES toxicity Yes/No No
Max. tolerated dose (human) log mg/kg/day 0.269
hERG | inhibitor Yes/No No
hERG Il inhibitor Yes/No No

Toxicity Oral Rat Acute Toxicity (LD50) mol/kg 1.512
Oral Rat Chronic Toxicity (LOAEL) log mg/kg_bw/day 1.244
Hepatotoxicity Yes/No No
Skin Sensitisation Yes/No Yes
T.Pyriformis toxicity log pg/L 2.031
Minnow toxicity log mM -0.448

Note: BBB — blood-brain barrier penetration

Hisad
IK,///_/ ' )

/
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Figure 2 — 2D and 3D presentations of interactions between Cembrene and SARS-CoV-2 Mpro.
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Figure 4 — Bioavailability Radar of Cembrene

MWT has a large effect on solubility, our result
for solubility (237.281, Moderately soluble) is in
agreement with Gleeson [55] for which on average,
molecules with MWTs < 300 have solubilities of
=250 uM (umol/L), and which is considered as an
important component of an orally administered drug,
determining the amount freely available to permeate
through the gastrointestinal membranes into systemic
circulation; also, the increasing of MWT is correlate with
decreasing of membrane permeability, according their
parameters MDCK or Caco-2.

A Bioavailability Score, ABS identifies poorly-
and well-absorbed compounds tested in humans,
itis 0.55 for compounds, which pass the rule of five [56].
Our result shows an ABS of Cembrene equal to 0.55
which confirm non Lipinski violations. Considering the
bioavailability radar of Cembrene (Fig. 4), the compound
is predicted not orally bioavailable, because too lipo
(lipophilicity: Log P~ (XLOGP3)=6.04>+5.0) and less
polar (polarity: TPSA=0.00A2<20 A2). The molecular polar
surface area (PSA) is considered as descriptor that was
shown to correlate well with passive molecular transport
through membranes and, therefore, allows prediction
of transport properties of drugs [57], and lipophilicity
as the key physicochemical parameter linking membrane
permeability — and hence drug absorption and
distribution- with the route of clearance (metabolic
or renal) [40]. For instance, it has been reported that
target promiscuity as well as toxicity issues like hERG
inhibition, phospholipidosis or cytochrome P450 (CYP)
inhibitions are more likely to be problematic for
compounds with high lipophilicity values; also solubility
and metabolism are more likely to be compromised
at these high values whereas permeability could be
decreased when this property is too low [58].
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Figure 5 — Boiled-Egg of Cembrene

According Daina and Zoete [59], Gastrointestinal
absorption (HIA) and brain penetration (BBB) are
two pharmacokinetic behaviors crucial to estimate at
various stages of the drug discovery processes. So, to
this end, the Brain or Intestinal estimated permeation
method (BOILED-Egg) is proposed by Daina and Zoete in
2016 [59] as an accurate predictive model that allows
for intuitive evaluation of passive gastrointestinal
absorption (HIA) and brain penetration (BBB) in function
of the position of the molecules in the WLOGP-versus-
TPSA referential and which works by computing the
lipophilicity and polarity of small molecules. The
colored zone is the suitable physicochemical space
for orally bioavailability, the white region in the
BOILED-Egg graphical is the physicochemical space of
molecules with highest probability of being absorbed
by the gastrointestinal tract, the yellow region (yolk) is
the physicochemical space of molecules with highest
probability to permeate to the brain and blue dots
for P-gp substrates (PGP+) and red dots for P-gp non-
substrate (PGP-) as described by the same authors. For
this, Cembrene is predicted as not absorbed and not
brain penetrant (outside the Egg, Fig. 5) and not subject
to active efflux from the CNS or to the gastrointestinal
lumen (P-gp non-substrate (PGP-), red dot).

CONCLUSION

A virtual screening technique, including molecular
docking, and ADMET Prediction was carried out, for
the selection of the compounds which could have
a potent antiviral treatment of COVID-19. In total,
66 natural
herbal medicine, were docked in the active site of

compounds, selected from 9 Algerian

SARS-Cov-2 main protease. The results of this study
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indicates clearly that, among these compounds, only
Cembrene constitutes the structure with the best
affinity in the binding site of the enzyme and respect
the conditions mentioned in Lipinski’s rule, except the
Log P, a measure of lipophilicity and closely related to
the transport properties of drugs and their interaction
with receptors. Concerning the pharmacokinetic

properties and bioavailability, Cembrene is predicted
not orally bioavailable, because too lipophilic and less
polar and. It is also predicted as not absorbed and not
brain penetrant and not subject to active efflux from
the CNS or to the gastrointestinal lumen. This result
might be interest researchers confirm or invalidate the
results obtained and push the research thoroughly.
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