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Abstract. Glycogen synthase kinase-38 (GSK-3p) regulates cellular processes associated with
inflammation, apoptosis, and neurodegeneration and is a validated therapeutic target. Interest in natural
compounds capable of interacting with the GSK-3 active site is driven by the toxicity and adverse effects
associated with many existing kinase inhibitors. This study aimed to evaluate Astragalus
phytocomponents as potential GSK-3p ligands in silico using molecular docking and ADMET prediction.
The docking methodology was validated by redocking the native ligand FKB501 from the cocrystallized
X-ray structure, yielding an RMSD of 1.83 A. To assess affinity for the GSK-3p active site, a library of 96
Astragalus compounds was screened. Based on binding affinity and ADMET characteristics, six
compounds were selected for detailed analysis: soyasapogenol B, soyasapogenol E, chlorogenic acid,
neochlorogenic acid, isoliquiritigenin, and echinatin. Their binding energies were comparable to or
exceeded, in absolute value, that of FKB501 (-7.546 kcal/mol), with the lowest values observed for
soyasapogenol B (-8.523 kcal/mol) and soyasapogenol E (-8.176 kcal/mol). Interaction analysis revealed
key active-site residues, including 1le62, Phe67, Val70, Ala83, Lys85, Val135, GIn185, Leul88, Cys199,
and Asp200. ADMET prediction indicated that isoliquiritigenin and echinatin had the most balanced
pharmacological and toxicological profiles, whereas sapogenins, despite their higher docking affinity,
were limited by low solubility and high lipophilicity. The selected Astragalus phytocomponents are
therefore promising candidates for further experimental evaluation as potential GSK-3p inhibitors.
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1. Introduction

The involvement of glycogen synthase kinase-3f (GSK-3f) in processes
related to the regulation of glycogen synthase activity, insulin signaling,
inflammation, apoptosis, and neurodegenerative processes makes GSK-3B an
important therapeutic target [1]. However, many known ATP-competitive
inhibitors have limited use due to risks associated with low selectivity and safety
concerns [2, 3]. Therefore, natural compounds remain a promising source in the
search for new GSK-3f ligands with favorable pharmacological and toxicological
profiles.

The rich phytochemical composition and extensive study of Astragalus
membranaceus and the genus Astragalus in general make them interesting targets
for the above-mentioned research. The main groups of compounds found in
Astragalus plants include triterpene saponins, flavonoids, isoflavonoids, and
phenolic metabolites [4]. Also, according to sources, representatives of the genus
exhibit inhibitory effects on a-glucosidase, a-amylase, cholinesterases, tyrosinase,
B-glucuronidase, hCA 1l, COX-2, and bacterial targets. However, the type and
intensity of activity depend on the plant species, organ, extract composition, and
chemical class of compounds [4-7]. Therefore, we believe it would be appropriate
to screen Astragalus phytocomponents for potential GSK-3f inhibitors.

To prioritize such compounds, molecular docking and ADMET prediction
are commonly used as complementary tools at the early stages of computer-aided
drug discovery [8]. Docking makes it possible to evaluate the spatial orientation
of a ligand within the protein active site and to compare its predicted affinity for
the molecular target [9]. However, docking score alone is insufficient for
selecting promising candidates, since compounds with favorable binding energy
may still exhibit poor solubility, low permeability, undesirable interactions with
CYP enzymes or hERG channels, or potential toxicity [10, 11]. Therefore,
ADMET filtering provides an additional level of selection by assessing the
predicted biopharmaceutical limitations and safety-related risks of candidate
molecules. In the present study, this combined docking-ADMET strategy was
applied to select Astragalus-derived phytocomponents capable of binding to the
active site of GSK-3B while retaining acceptable predicted properties for
subsequent experimental investigation.

2. Experimental part

The crystal structure of GSK-3p was downloaded from the Protein Data
Bank, PDB ID: 6HOU, at 2.3 A resolution [12]. During protein preparation in
AutoDockTools 1.5.7, water molecules and ions, as well as the original ligand,
were removed from the structure. The structure was saved in PDBQT after adding
polar hydrogen atoms and Kollman charges.

Based on Astragalus phytocomponents described in the literature, a ligand
library was created, comprising 96 compounds in SMILES format. The original
structures of the compounds were converted to SDF format, and geometry was
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optimized using Open Babel 3.1.1. Meeko 0.7.1 was used to add hydrogen atoms,
calculate Gasteiger charges, and save the structure in PDBQT.

The active site of GSK-3p was determined based on the position of the native
ligand FKB501. The center of the calculation box was defined by the coordinates:
X =-5560 A, Y =-28.948 A, Z =-16.272 A. The box size was 15 x 15 x 15 A,

The docking protocol was validated by redocking the native ligand FKB501.
The RMSD value between the experimental and predicted poses was 1.83 A,
which meets the generally accepted criterion for successful docking protocol
validation: RMSD < 2.0 A [13].

Molecular docking was performed in AutoDock Vina 1.2.3 [14] with an
exhaustiveness setting of 32. For each ligand, the best binding energy was
recorded, and the most favorable conformation was analyzed. Visualization of
complexes and 2D interaction diagrams was performed in PyMOL and Discovery
Studio Visualizer.

ADMETIab 3.0 [15] was used to evaluate molecular weight, the number of
hydrogen bond donors and acceptors, TPSA, lipophilicity, drug-likeness,
predicted absorption, distribution, metabolism, toxicity, and integrated indicators
of compound suitability for further analysis. All 96 compounds were screened,
and then, for a more in-depth analysis of binding parameters, bioavailability, and
pharmacological and toxicological profiles, selection was performed based on a
combination of high affinity, absence of Lipinski's rule violations, and absence of
critical toxicological risks in ADMETIab 3.0.

3. Results and Discussion

The initial set of 96 Astragalus-associated compounds was ranked by
docking affinity to the GSK-3p active site and subsequently filtered according to
predicted drug-likeness and toxicological parameters. Six compounds with the
most favorable combination of docking score, phytochemical relevance, and
ADMET profile were selected for detailed interaction analysis (Table 1).

Table 1 — Molecular docking scores and key interactions of selected Astragalus-derived compounds with
GSK-3p

Compound Binding Key interactions with GSK-3p
affinity,
kcal/mol
FKB501 -7.546 Conventional H-bond: GIn185 (2.56 A); n-donor H-bond: Phe67

(4.00 A); m-sulfur interaction: Cys199 (4.03 A); n-n stacked
interactions: Phe67 (5.30-5.62 A); alkyl interactions: Ala83
(3.77 A), Leul88 (443 A), Cys199 (5.11 A); m-alkyl
interactions: Phe67 (5.29 A), Val70 (4.64 A)

Soyasapogenol B -8.523 Conventional H-bond: Val135 (2.61 A); alkyl interactions: le62
(3.72-5.47 A), Val70 (5.02 A); n-alkyl interactions: Phe67 (5.05
A), Tyr134 (4.62 A)

Soyasapogenol E -8.176 Conventional H-bonds: Lys183 (2.20 A), Asn64 (2.40 A); alkyl
interactions: 1le62 (4.77 A), Val70 (5.09 A), Leu188 (5.22 A),
Cys199 (5.45 A); n-alkyl interaction: Tyr134 (4.61 A)
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Chlorogenic acid -7.739 Conventional H-bonds: Asp200 (2.13 A), Asné4 (2.03 A),
GIn185 (2.88 A); m-alkyl interactions: Ala83 (3.50 A), Leu188
(4.99 A)
Neochlorogenic -7.675 Conventional H-bonds: Val135 (2.15 A), Asp200 (2.64 A),
acid Lys85 (2.92 A); m-alkyl interactions: Alag83 (3.57 A), Leu188
(4.85 A)
Isoliquiritigenin -7.436 Conventional H-bonds: Val135 (1.87 and 2.15 A), Asn186 (2.04

A), Asp200 (2.63 A); m-alkyl interactions: Ala83 (3.72 A),
Leu188 (4.99 A), Val70 (5.43 R)

Echinatin -7.263 Conventional H-bond: Asp200 (2.37 A); m-sulfur interaction:
Cys199 (4.11 A); n-r stacked interaction: Phe67 (4.52 A); =-
alkyl interactions: Ala83 (5.05 A), Val70 (5.27 A), Leu188 (5.36

A)

Soyasapogenol B and Soyasapogenol E showed the most favorable docking
scores among the selected phytocomponents. Soyasapogenol B formed one
conventional hydrogen bond with Val135 (2.61 A), a residue previously reported
as important for the stabilization of ATP-competitive GSK-3f inhibitors [2]. In
addition to this polar contact, the complex was stabilized by several hydrophobic
interactions involving lle62, Val70, Phe67, and Tyrl34. The predominance of
alkyl and m-alkyl contacts is consistent with the triterpene structure of
Soyasapogenol B, whose extended hydrophobic skeleton may favor anchoring in
the nonpolar region of the GSK-3f active site (Fig. 1). Soyasapogenol E formed
two conventional hydrogen bonds with Lys183 and Asn64 and additional
hydrophobic contacts with Ile62, Val70, Leu188, Cys199, and Tyr134. Compared
to soyasapogenol B, the binding energy was less favorable, despite the higher
number of hydrogen bonds. This may be due to the orientation of the ligand and
the efficiency of the hydrophobic packing within the binding pocket.
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Figure 1 — 2D diagram of the interactions of Soyasapogenol B with the active site of GSK-3p.
Conventional hydrogen bonds are shown in green, w-alkyl hydrophobic interactions in pink, and
unfavorable acceptor-acceptor contacts in red.
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Chlorogenic acid formed three conventional hydrogen bonds with residues
Asp200, Asn64, and GIn185. The shortest bonds were observed with Asn64 (2.03
A) and Asp200 (2.13 A), which may be the main contributor to complex
stabilization. Additionally, the aromatic moiety of the ligand participated in
hydrophobic m-alkyl interactions with Ala83 and Leul88. The contact with
GIn185 is important, as this residue has already been noted to be important for
binding of the native ligand FKB501 in the active site of GSK-3p. Like
chlorogenic acid, neochlorogenic acid formed hydrophobic m-alkyl interactions
with Ala83 and Leul88, but instead of hydrogen contacts with Asn64 and
GIn185, it was characterized by interactions with Lys85 and Val135.

Isoliquiritigenin formed an extensive network of conventional hydrogen
bonds with residues Vall35, Asnl186, and Asp200. The shortest bond was
observed between Val135 and the ligand oxygen atom (1.87 A), indicating a
significant contribution of this contact to complex stabilization. Additionally, the
aromatic system of isoliquiritigenin participated in w-alkyl interactions with
Ala83, Leul88, and Val70. Despite its less favorable docking affinity compared
to sapogenins, the presence of several directional hydrogen bonds and
hydrophobic contacts confirms stable fixation of the molecule in the GSK-3p
active site.

Echinatin formed one conventional hydrogen bond with Asp200 (2.37 A), as
well as several aromatic and hydrophobic contacts important for stabilizing the
chalcone backbone in the GSK-3p active site. Of particular significance are the n-
sulfur interaction with Cys199 and zn-n stacking with Phe67, as these residues are
also noted to be important for ligand binding in the ATP-binding pocket of GSK-
3B. The molecule additionally formed n-alkyl contacts with Ala83, Val70, and
Leul88. Despite its weaker docking affinity compared to sapogenins, the
interaction profile of echinatin is qualitatively interesting due to the involvement
of Cys199 and Phe67.

The native ligand FKB501 formed one conventional hydrogen bond with
GIn185 (2.56 A) and a m-donor hydrogen bond with Phe67 (4.00 A). Aromatic
and hydrophobic contacts significantly contributed to the stabilization of the
complex: m-sulfur interaction with Cys199 (4.03 A), n-n stacking with Phe67
(5.30-5.62 A), and alkyl/n-alkyl interactions with Val70, Ala83, Leu188, Cys199,
and Phe67. Comparison with the native ligand FKB501 revealed that the selected
phytocomponents are stabilized in the GSK-3p active site through different
mechanisms. Chlorogenic acid most clearly mimics the polar contact with GIn185
characteristic of FKB501. Echinatin, on the other hand, is closer to the native
ligand in its aromatic-hydrophobic profile, interacting with Phe67 and Cys199.
Soyasapogenol B and Soyasapogenol E exhibit the highest calculated affinities,
but their binding is largely determined by the hydrophobic packing of the
triterpene skeleton.

To assess the pharmacokinetic suitability of the selected compounds, a
comparative analysis was conducted using ADMETIab 3.0. Table 2 lists the most
informative parameters characterizing drug-likeness, solubility, lipophilicity,
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polarity, predicted absorption, distribution, and toxicological risks; parameters
that do not affect candidate ranking were omitted.

Table 2 — Comparative ADMET profile of selected Astragalus-derived compounds predicted by

ADMETIab 3.0
Indicator Soyasapo- Soyasapo- Chloroge- Neochloro- | Isoliquiriti- Echinatin
genol B genol E nic acid genic acid genin
MW 458.38 456.36 354.10 354.10 256.07 270.09
QED 0.415 0.454 0.234 0.234 0.583 0.662
TPSA, Az 60.69 57.53 164.75 164.75 77.76 66.76
logP 4.27 3.73 1.04 0.84 2.52 2.83
logS -5.25 -4.66 -2.96 -2.76 -3.46 -3.90
Caco-2 -5.39 -5.18 -6.43 -6.33 -4.84 -4.83
HIA 0.99 0.96 0.99 1.00 0.49 0.26
BBB 0.97 0.95 0.56 0.42 0.07 0.19
PPB, % 87.92 91.97 64.83 56.53 96.10 94.46
hERG 0.03 0.03 0.03 0.01 0.19 0.23
DILI 0.14 0.28 0.29 0.23 0.24 0.35
Ames 0.32 0.55 0.39 0.39 0.29 0.37
LD50 oral 0.657 0.739 0.597 0.584 0.923 0.883

Note - MW, molecular weight; QED, quantitative estimate of drug-likeness; TPSA, topological polar
surface area; HIA, human intestinal absorption; BBB, blood-brain barrier penetration; PPB, plasma
protein binding; DILI, drug-induced liver injury.

For the overall assessment, the quantitative estimate of drug-likeness
(QED) metric provided by ADMETIlab 3.0 was used, which integrally reflects a
molecule's compliance with the typical properties of drug-like compounds. The
highest QED values were calculated for the chalcones echinatin (0.662) and
isoliquiritigenin (0.583). Isoliquiritigenin and echinatin, with moderate polarity
(TPSA = 77.76 and 66.76 A2) and acceptable lipophilicity (logP = 2.52 and 2.83),
demonstrate the most balanced physicochemical profile.

Sapogenins demonstrated the most favorable docking scores; however, the
low solubility and increased lipophilicity of Soyasapogenol B (logS = -5.25; logP
= 4.27) and Soyasapogenol E (logS = -4.66; logP = 3.73) indicate limited
bioavailability. In contrast, the hydrophilicity (logS = -2.96 and -2.76) and high
polarity (TPSA = 164.75 A?) of chlorogenic acid and neochlorogenic acid may
limit their membrane permeability.

However, the toxicological predictors for all selected compounds remained
within the acceptable range, consistent with the logic of preliminary ADMET
filtration.

Thus, soyasapogenol B and soyasapogenol E demonstrated the highest
affinity for the GSK-3p active site, while isoliquiritigenin and echinatin, whose
binding energies are comparable to those of the native ligand, are preferred based
on their pharmacological properties. Chlorogenic acid and its isomer,
neochlorogenic acid, demonstrated acceptable affinity, but their high polarity may
limit biopermeability.
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4. Conclusion

Ninety-six phytocomponents of the genus Astragalus were evaluated in
silico as potential GSK-3p ligands, from which six compounds were selected for
their combination of good affinity and favorable pharmacological and
toxicological profiles. Molecular docking showed that soyasapogenol B and
soyasapogenol E exhibited more favorable binding energies than the native ligand
FKB501. Analysis of ligand-receptor interactions revealed the involvement of
Phe67, Val70, Val135, Leul88, Cys199, and Asp200.

ADMET prediction allowed for refinement of the pharmacokinetic
potential of the selected compounds. Sapogenins demonstrated the highest
calculated affinity for GSK-3p, but had limitations related to lipophilicity and
solubility. Meanwhile, isoliquiritigenin and echinatin exhibited more balanced
drug-like properties, making them interesting candidates for further research.

Thus, the obtained results confirm the feasibility of further studying
Astragalus phytocomponents as potential GSK-3p-targeting compounds. The
results of this study can be used to select candidates for experimental testing,
expand libraries of natural GSK-3p inhibitors, and develop further research in the
field of computer-aided discovery of biologically active compounds.

Conflict of Interest: The authors declare no conflict of interest.

ACTPATAJIIAH AJIBIHFAH DOPUTOXUMUSAJBIK KOCBIJIBICTAPbI
I'IMKOTEHCUHTA3AKHWHA3A-38-FA KATBICTbI JOKHUHITIK KOHE ADMET-
BATAJIAY

E.M. Epzanuesa, B.B. Baxcee?, A.B. Y3axoea®, JI.B. Kycynosa', M.A. I'véenxo ', C.B. Abeyosa*

! Axmem Baumypcoinynsl ameinoagsl Kocmanaii enipnix ynusepcumemi, Kocmanaii, Kazaxcman

2 Akademuxk 3ynkapuaii Anoamoicap amvinoazel Kocmanail aneymemmik-mexHuKaiuly yHusepcumeni,
Kocmananii, Kazaxcman

? Abaii amvinoagel Kazax ynmmulx nedacocuxanvi ynusepcumemi, Aimamol, Kazaxcman

¢ Acmana xanvikapanvix ynueepcumemi, Acmana, Kazaxcman

Tyiiingeme. I'muxorencunrasakuHaza-38 (GSK-3p) xaObmHy, amonrto3 skoHe HelfpoJereHeparusiMeH
0aliTaHBICTHI JKACYIIATBIK YACPICTEPIl PETTEH I )KOHE pacTalFaH TEPANHSIIBIK HhICAaHA OOJIBIN TaObLIA b
GSK-33 Oencenni OpTajbIFEIMEH OpeKeTTecyre KaOuIeTTi TaOWFHM KOCBUIBICTApPFa KbI3BIFYIIBUIBIK OCHI
KHHA3aHBIH KONTEreH KOJJAaHBICTAFbl WHIHOWTOpNIApbIHA TOH YBITTBUIBIK II€H JKaHaMa dcepliepre
OaiiTaHBICTHL. 3epTTey/IiH MaKcaTsl MOIeKynanblk JokuHr skoHe ADMET kacuerrepin Gomkay omicTepin
maiianana OTHIpbIN, actparan (urokommnoHeHTTrepin GSK-3B-HbIH oneyerTi Juranarapsl petiHge in
silico 6aranay Goszbl. JIOKHHT ofticTeMeci KOKPUCTAILIAHFaH PEHTreHAIK KypblibiMaarsl FKB501 natusTi
JIMTaHJBIHBIH KalTa JOKWHTIH JKYpri3y apkpuisl Tekcepingi; RMSD wmoni 1,83 A Kypaznel. GSK-3B
Gerncenni opTanbFbiHa ahGUHIITIKTI Oaranay ymriH acTparaaasH 96 KOCHUIBICHIHAH TYPaThIH KiTallXxaHa
cKpuHHHITeH oTKi3uai. Addunninik xone ADMET cunarramanapbl HeriziHae emkeil-Terkeitnl tangay
YLIIH anThl KOCBUIBIC TaHJAIIBL: cosicanioreHos B, cosicanorenon E, XIOporeH KbILIKBUIBL, HEOXIOPOreH
KbILIKbUIBI, W30JUKBUPUTHICHUH J>KoHe dxuHaTuH. OmnapnsiH Oailnaneicy sHeprustiapel FKB501
Gaitnanpicy dHeprusicbiMeH (-7,546 Kkan/MoJib) CalbICTBIpMalbl OOJABI HeMmece aOCONMIOTTIK MoHI
OoifbIHIIIA O/1aH JKOFapbl OONIbI, al eH TeMeH MoHaep cosicanoreHon B (-8,523 kkan/monb) xoHe
cosicaniorenon E (-8,176 kxan/monb) yuIiH aHbIKTanIbl. ©3apa opekerrecyiepii Tanjay OenceHnui
opranbIKThiH [1e62, Phe67, Val70, Ala83, Lys85, Vall35, GIn185, Leul88, Cys199 xone Asp200 Herisri
KanaeikTapeiH  aHbikTagel. ADMET  Gomkambl OOWBIHIIA HM30JUKBUPUTUTCHHH MEH OSXMHATHHHIH
(hapMaKOIOTHSITBIK JKOHE TOKCHUKOJOTHSUIBIK mpoduibaepi eH TeHrepimai OoJbl, an camnoreHHHIep
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JOKUHT Ke3iHze orapbl ahdUHIUIIK KepCceTKeHIHe KapaMacTaH, TOMEH epIrillTIriMEeH XOHE JKOFaphl
munodunbainiriver  cumarrangel.  Ocbulaiimma, TaHmanraH acrparan  ¢uroxommonentrepi GSK-3[3
QJieyeTTi HMHTHOMTOpNIAphl pPETiHAE opi Kapall OSKCHepHUMEHTTIK Oaranay YIIH [epCIEeKTHBAJBI
KaHAUIATTap OOJIBIN TaAOBUIA/IBL.

Tyiiinai cesmep: GSK-3B, acrtparan, wmonexynamsik Jokuar, ADMET, ¢uroxommonenrrep,
COSICAIIOTeHO, XJIOPOT€H KBIIIKbUIBI, H30IHKBUPUTUTCHUH, XHHATHH.
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JOKHWHT U ADMET-OIIEHKA ®UTOXUMUYECKUX COEJTMHEHUI ACTPATAJIA B
OTHOWEHUWHU I''IMKOI'EHCUHTA3AKHWHA3bDI-3p

E.M. Epzanuesa’, B.B. Baycee?, A.B. Yzaxoea®", /I.b. Kycynoea', M.A. I'venxo ', C.B. Adeyosa*

1 Kocmanatickuii pecuonanvnuiii ynugepcumem umeru Axmem bavumypceinynvl, Kocmanaii, Kasaxcman
2 Kocmanatickuii coyuanibHo-mexHudeckutl yHueepcumem umeHu akademuxa 3. Andamoicap, Kocmanaii,
Kazaxcman

3 Kasaxckuii Hayuonanvhblil nedazozuyeckul ynusepcumem umenu Abas, Armamet, Kazaxcman

* Meacoynapoonwiii ynueepcumem Acmana, Acmana, Kasaxcman

Pe3ome. Tnukorencunrasakunaza-3f (GSK-3B) perymupyer KIETOYHBIC TIPOLECCHI, CBS3aHHBIC C
BOCIIAJICHHEM, aIONTO30M M HelpojereHepamued, W SBILETCS IMOATBEP)KACHHOW TepareBTHYCCKOM
MHUIIEeHbI0. FIHTepec K MPUPOJHBIM COCANHEHMSIM, CIIOCOOHBIM B3aMMO/ICHCTBOBATh C AKTHBHBIM LIEHTPOM
GSK-3B, o00ycnoBieH TOKCHYHOCTBIO M TOOOYHBIMH J(PQeKTaMH, XapaKTEpPHBIMH JUIS MHOTHX
CYIICCTBYIOIMX HMHTHOMTOPOB dTOM KuHa3pl. llenmbio uccnemoBanusi Obuta in - SilicO  omenka
(UTOKOMIIOHCHTOB ~ acTparaja Kak HOTeHIManbHbIX surasnoB GSK-3f ¢ ucnons3oBaHHEM
MOJIEKYJIIPHOTO TOKHUHTa U nporHozupoBanust ADMET. Metoanka qokuHra Obliia BATUIAPOBaHA MyTeM
penokunra HatuHoro juragaa FKB501 u3 KokpuCTalIn30BaHHOM PEHTI€HOBCKOM CTPYKTYpPBI; 3HaUeHUE
RMSD cocramwio 1,83 A. JIna onenku cpoictsa k aktuBHomy ueHTpy GSK-3B 6bLma mpoBencHa
mpoBepka Oubimmorekn u3 96 coemuHeHHii acTparana. Ha ocHoBammu apduuHoctm m ADMET-
XapaKTepPUCTUK I JETAIBbHOTO aHain3a ObUIM BHIOpAaHBI LIECTh COENMHEHUiA: coscamoreHon B,
cosicanioreHon E, XJI0poreHoBast KMCII0Ta, HEOXJIOPOreHOBAsI KUCIOTA, H30JIMKBUPUTUTCHUH M XUHATHH.
VX sHepruu cBA3bIBaHUS OBUIM COIIOCTABHMEI WM IIPEBOCXOAUIH [0 aOCOIIOTHOMY 3HAYCHHIO SHEPIUIO
cesaspiBannss FKBS501 (-7,546 kkan/mojb), MpH 3TOM HamOOJiee HU3KUE 3HAYCHUS] OTMEUCHBI JIJIst
cosicanioreHona B (-8,523 kkan/mons) u cosicanorenona E (-8,176 kkan/mMonb). AHanu3 B3aUMOIEHCTBHIA
BBISIBWII KJIFOYEBBIE OCTAaTKH aKTUBHOTO IeHTpa, Bkmovas [le62, Phe67, Val70, Ala83, Lys85, Vall35,
GIn185, Leul88, Cysl99 u Asp200. Ilo pesynsratam ADMET-npornozupoBanus Hanbosee
cOanaHCUpOBaHHBIMH  (hAPMAKOJIIOTHYECKUMH M TOKCHKOJIOTHMYECKMMH  HpoQWIAMH  00Jamanu
M30JMKBUPUTHICHUH M DXMHATHH, TOIJIa KaK CallOr€HHMHbI, HECMOTPs Ha Ooisiee BBICOKYIO ahGpUHHOCTH
IpH JOKUHIE, XapaKTCPH30BAJIHUCh HHU3KOIl PACTBOPHMOCTBIO U BBICOKOI JHMHNO(GUIBHOCTBIO. Takum
o0pa3oM, BbIOpaHHbIC (PUTOKOMIIOHEHTHI acTparajia SBISIOTCS MEPCHCKTHBHBIMU KaHIUIATAMH JUIS
JaJbHEeHIIeH SKCIIePUMEHTAIbHON OLICHKU B KQUeCTBE MOTEHIMAIbHBIX HHruouTopoB GSK-3p.

KmioueBbie caoBa: GSK-3f8, acrtparan, wmonexkynspusiii noxkuHr, ADMET, QUTOKOMIIOHEHTHI,
COSICAIIOreHOJI, XJIOPOI€HOBAs KUCIIOTA, H30IMKBHPUTHICHHH, DXUHATHH
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