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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Given its impact on glucose metabolism, the insulin receptor
(IR) is considered one of the key focus areas for medical
intervention in people suffering from diseases, such as diabetes
mellitus. Silymarin, a natural flavonoid complex obtained from
Silybum marianum (milk thistle), has been used and is known
for its antioxidant and anti-inflammatory mechanisms; however,
the possible effects of these compounds on the insulin receptor
are yet to be fully explored. In this study, molecular docking
was carried out to ascertain the binding and interaction of the
active components of silymarin, such as silybin, silychristin, and
silydianin, with the insulin receptor. The results from the docking
simulations showed that silybin, the most important silymarin’s
active component, possessed relatively higher binding energies
and interacted with the important key residues in the extracellular
domain of the insulin receptor, suggesting possible effects on
receptor activation and downstream signalling pathways that
are involved in insulin's action. Moreover, the active sites on
the insulin molecule possess equivalent potentials to those of
silymarin, suggesting their capacity to attach to the insulin
receptor. This molecular basis has led to clinical studies looking
for a mechanism for which silymarin functions to alter insulin
signaling, which can be targeted for the treatment of patients
battling insulin resistance and diabetes. Such interactions and
the possible use of such compounds in therapies can be further
proved by cytometric and molecular studies depicting the usage
of molecular dynamics simulations.

Key words. Milk thistle, silymarin, insulin receptor, molecular
docking, CHD metabolism.

Introduction.

Silymarin has been understandably studied in depth and is
considered to be an important substance of assorted natural
active ingredients with protective effects for the liver [1]. This
very natural product is mainly composed of four different
structurally related flavonolignans and an accompanying
flavonoid taxifolin [2]. Silymarin has gone through extensive
and detailed preliminary studies and has been proposed to be
of health benefit to the liver in numerous studies, supporting
the findings in humans [3]. For example, patients presenting
with different liver diseases can certainly benefit from
using silymarin. Hence, from a theoretical point of view, we
contemplated whether silymarin can be utilized in the health of
different tissues or organs of the body [4]. Of course, the answer
could be affirmative. One critical issue pertains to carbohydrate
metabolism, which occupies central significance in bodily
operations, represents one of the important substances used in
response or resistance, and indicates people's health conditions
[5,6].
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So far, the researchers have provided a full and comprehensive
understanding of the complex processes of carbohydrate
metabolism. Unsurprisingly, several issues remain to be
clarified, such as the precise mechanism governing carbohydrate
metabolism [7]. At the same time, some limitations and
inadequacies may occur in the assessment parameters of
carbohydrate metabolism. We therefore attempted to conduct
a theoretical, albeit speculative, study to examine the dilemma
surrounding sugar consumption and identify some drawbacks
in the flesh [8]. Subsequent discussions on the role of silymarin
compounds are additionally featured in the present essay, to
launch investigations to assess the appropriateness thereof.

Carbohydrate metabolism plays a crucial role in boosting
the energy reserves necessary to maintain normal physiology.
Any pathology related to carbohydrate metabolism directly or
indirectly affects body health. Several medications are used to
maintain glucose and lipid metabolism [9]. Conventional as
well as alternative systems of medicine have been explored
to modulate metabolic pathways. Silymarin is a standardized
extract of milk thistle seeds. The silymarin extraction process
is divided into two steps. The plant's fruits undergo a six-
hour defatting process, followed by a five-hour extraction of
silymarin using solvent methanol. Pressurized liquid extraction
is an alternative approach to harvesting silymarin, which
involves using extractants at high pressure and temperatures
higher than their boiling point [10]. Silmarin contains a
mixture of at least seven flavolignans like silybin, isosilybin,
silychristin, silydianin, taxifolin, dihydrosilydianin, silybinin,
and five flavonoids like silychristin, silydianin, silydinosin,
silyhermin, and kaempferol. It has been used as a potent liver-
tempering agent. This drug has a promising role in the treatment
of enzyme improvers to modulate different metabolic pathways
[11]. Studies on several in vitro and in vivo systems suggest an
interesting relationship between silymarin bioavailability and
action; they discuss the hypothesis that complex homeostatic
mechanisms tend to oppose the accumulation of silybinin
in the body since its clinical usage seems to promise several
advantages in treating metabolic disorders [12].

The proliferating rate of hepatocytes can be manipulated by
the usage of bioactive compounds. Silymarin is one of these
bioactive compounds, clinically reported to have multifarious
uses; specifically, it has beneficial roles to play in the modulation
of liver-specific enzymes and gene expression to regulate liver
glucose and lipid homeostasis. Carbohydrate metabolism is
indeed a very intricate, complex interaction of multifactorial
regulation [13,14]. Metabolic dysfunctions are difficult to
deal with, particularly linked to diabetes, as hepatic glucose
production and ROS levels that down-regulate glucose uptake
and glycogen synthesis are modulated in part by silymarin
compounds in in vitro experimental conditions [15].
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The research aim of the proposed work is to perform an in-
depth study of the role of silymarin compounds, in particular
silibinin and silybin, in the regulation of various processes of
carbohydrate metabolism [16]. The main research question is to
investigate the effect of silymarin on carbohydrate metabolism:
is it possible to change the intensity of individual pathways of
carbohydrate metabolism without changes in body weight, basal
levels of insulin, and glycemia? How are the glucose homeostasis
indices changing with increased production of glucose by the
liver or its consumption by the muscle in parallel with the intake
of silymarin? This study is of basic and practical importance
since it may be beneficial for people who need to regulate the rate
of glucose uptake by muscle or the rate of endogenous glucose
synthesis, as well as for the dietary supplement industry [17,18].
People who exercise, have prediabetes, type 2 diabetes, obesity,
or polycystic ovary syndrome often have high insulin levels, and
silymarin can increase insulin sensitivity in this group of people
and contribute to their health. The main objectives are to perform
a literature review on the role of mainly silibinin and silybin
in the regulation of selected steps of carbohydrate metabolism
and glucose homeostasis, in particular in the group of people
with type 2 diabetes; perform in vitro laboratory studies on the
effect of silymarin, and above all silibinin and silybin, on the
carbohydrate metabolism pathway with particular attention to
the effect on the intensity of AMPK and ACC activity, the effect
on GLUT4 and PPARY expression, and the effect on the use of
glucose in the muscle and liver. It is also planned to analyze
the changes in the activity of liver and muscle transaminases,
biomarkers of liver and muscle injury, and ALT and AST as
indicators of liver injury. The results of the research on the use
of silymarin compounds in carbohydrate metabolism in diabetes
will have health implications and contribute to the knowledge of
the role of silymarin in health and nutrition [19,20].

Silymarin and its constituents, silybin and silybin, exhibit
diverse Dbiological activity, including hepatoprotective,
anticancer, antiviral, antiangiogenic, anti-inflammatory,
antioxidative, and immunomodulatory effects [21]. The
antioxidant property of silymarin can slow down the ageing
process and can prevent or treat some diseases. Although largely
known for its hepatoprotective action, silymarin also interferes
with glucose and lipid metabolism [22].

Expanding further the interests of the research community,
this article discusses the potential role of silymarin with its
bioactive constituents and also provides detailed insights into
their mechanism of action. These insights may pave the way
for intervention in the carbohydrate metabolism system. Thus,
further identification and clarification of the bioactivity of
silymarin compounds are indispensable. These could be applied
to clinical conditions regarding metabolic health, especially for
diabetes mellitus and obesity, including mechanisms.

The interactions between silymarin compounds and
carbohydrate metabolism are the focal point of our theoretical
research. These interactions influence carbohydrate metabolism
and may impact many metabolic pathways [23]. Several
studies conducted at the experimental level have attempted to
explain these interactions; many of them explain how silymarin
enhances insulin functioning and how silymarin compounds
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reduce glucose processing and homeostasis. Additionally,
recent studies show that silymarin compounds can be depicted
in the form of a theoretical model. Thus, in this study, we present
the combined information and explain these data in terms of
practical applications in health and nutrition [24].

Regarding the percentage of active components in silymarin:
Silymarin is primarily composed of flavonolignans, with silybin
(both silybin A and B) being the most abundant and active
component, typically constituting about 50-70% of the extract.
The remaining components, such as silychristin and silydianin,
account for the rest of the composition, with their contributions
being relatively smaller [11]. This study aimed to an in-silico
investigation of the molecular docking interactions between
silymarin and insulin receptors.

Materials and Methods.

The docking study was the interaction between silymarin and
insulin receptors using the program (MCULE). Mcule.com is an
online drug discovery platform. It offers a unique solution for
pharma and biotech companies by providing the highest quality
purchasable compound database and molecular modelling tools.
The Chem-Bio Office 3D (version 17.1) was used to create the
pharmaceutical molecules. Using an Intel Core (i5-4810) laptop
computer with 8 GB of RAM and Microsoft Windows 11 Pro
as the operating system, docking for ligands and receptors is
computed [25].

Results and Discussion.

The docking investigation was used to predict the interaction
between different compounds (e.g. silymarin) and insulin
receptors. The activity of these compounds in diabetes mellitus
type 2 was taken when they were chosen [26,27]. The insulin
receptor is a glycoprotein with a molecular weight of about 300
kDa. Figure 1 shows the complete formula of insulin receptors
[28].

Docking with medicines, the binding score energy of the
(6xbg) protein was calculated. This is shown in Table 1. The
compounds predicted are listed in Figures 2-8. The docking
score measures the strength of the interaction of two molecules
based on shape complementarity, electrostatics, van der Waals
forces, hydrophobic interactions, and hydrogen bonding [29].
A lower score (more negative) indicates a more stable and
beneficial binding relationship. The algorithm evaluation
examines the complex comprising the ligand (a tiny chemical,
e.g., a medicine) that binds to the receptor (a protein). The
greater the negativity of the energy, the stronger and more stable
the binding interactions [30,31].

Table 1. Best score of insulin receptor matching with silymarin

compounds.
compound Insulin receptor best score (kcal/mol)

1- Taxifolin -7.3
2- Silychristin -8.0
3- Silydianin -8.5
4- Silybin A -8.1
5- Silybin B 9.1
6- Isosilybin A -7.2
7- Isosilybin B -8.1
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Figure 1. Structure of insulin receptor.
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Figure 2. The 2D and 3D structure of taxifolin [(2R,3R)-2-(3,4-dihydroxyphenyl)-3,5, 7-trihydroxychroman-4-one].
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Figure 3. The 2D and 3D structure of silychristin [(2R,3R)-3,5,7-trihydroxy-2-((2R,3S)-7-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-
(hydroxymethyl)-2, 3-dihydrobenzofuran-5-yl)chroman-4-one].
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Figure 4. The 2D and 3D structure of silydianin [(2R,3R)-3,5,7-trihydroxy-2-((1S,5R)-1-hydroxy-4-(4-hydroxy-3-methoxyphenyl)-8-oxo-
2,3,3a,4,5,7a-hexahydro-1H-1,5-methanoinden-7-yl)chroman-4-one].
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Figure 5. The 2D and 3D structure of silybin A [(2R,3R)-3,5, 7-trihydroxy-2-((2R,3R)-3-(4-hydroxy-3-(methylpeooxy)phenyl)-2-(hydroxymethyl)-
2,3-dihydrobenzo[b][1,4]dioxin-6-yl)chroman-4-one].
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2,3-dihydrobenzo[b][1,4]dioxin-6-yl)chroman-4-one].
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Figure 7. The 2D and 3D structure isosilybin A (2R,3R)-3,5, 7-trihydroxy-2-((2S, 3S)-3-(hydroxymethyl)-2-(3-methyl-4-(methylperoxy)phenyl)-2, 3-
dihydrobenzo[b][1,4]dioxin-6-yl)chroman-4-one.

Figure 8. The 2D and 3D structure isosilybin A [(2R,3R)-3,5, 7-trihydroxy-2-((2R,3R)-3-(hydroxymethyl)-2-(3-methyl-4-(methylperoxy)phenyl)-
2,3-dihydrobenzo[b][1,4]dioxin-6-yl)chroman-4-one].
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A score range of -6 to -10 kcal/mol indicates a moderate to
high interaction or binding. A score value below -10 kcal/mol
is indicative of exceptional binding. If the docking score is
elevated (e.g., less negative or, more significantly, positive), it
indicates that the ligand may not bind well to the receptor 2.
Regarding the strongest binding, the results indicate that Silybin
B possesses the most negative docking score (-9.1 kcal/mol),
suggesting a strong likelihood of superior binding affinity for the
insulin receptor among all examined compounds. The Silybin
B 3D interaction model shows that Silybin B forms several
hydrogen bonds with glutamine or serine residues and has
strong hydrophobic interactions with the receptor; this matches
its strong docking score and renders it a promising option for
further evaluation. Moderately Strong Binding: Silydianin (-8.5
kcal/mol) and Silybin A (-8.1 kcal/mol) exhibit considerable
binding affinities, suggesting their potential significance in
modulating insulin receptor activation. Silychristin (-8.0 kcal/
mol) and Isosilybin B (-8.1 kcal/mol) demonstrate comparable
binding affinity to Silybin A, indicating moderate to high
receptor engagement.

Weaker Binding: Taxifolin (-7.3 kcal/mol) and Isosilybin A
(-7.2 kecal/mol) interact with less relevant or weaker residues;
thus, they have the lowest binding affinities among the
evaluated substances. The 3D model shows that Taxifolin
doesn’t form many stable interactions, or its hydrophobic region
doesn’t interact well with the receptor; this matches its weaker
docking score. Although these values still suggest the potential
for interaction with the insulin receptor, the binding affinity
is relatively lower compared to the other compounds. They
may still exert an influence, but additional testing is required
to validate their biological significance. General Estimates of
Insulin's Docking Score: In some docking investigations, the
docking score of insulin (depending on receptor structure and
software) can be found to be around —7.0 kcal/mol-9.0 kcal/
mol. Receptor and ligand structures, docking programs and
parameters, conformational changes of the insulin receptors,
and binding interactions with key residues, including tyrosine,
glutamine, and serine, have been some of the noted factors
influencing the docking score of the insulin [32,33].

Conclusion.

This study aimed to observe and study natural compounds
obtained from several sources to determine their potential
effectiveness in interacting with the amino acids present in
the insulin receptors. We intended to determine the affinity
and specificity of silymarin compounds by determining their
molecular interactions with insulin receptors that may help in
the formulation of new treatment methods for insulin-related
diseases such as diabetes. In addition, the binding potential
of these compounds was also determined to understand their
optimal localization within the molecules and the role that
their structure and orientation play in their effectiveness. The
results indicate that these compounds, especially Silybin B,
possess a substantial affinity for the amino acid residues of
insulin receptors, which could suggest they may function as
insulin mimetics or insulin sensitizers. Silymarin’s ability to
mimic insulin binding and activate the insulin receptor suggests
its potential as a complementary therapy for diabetes. Besides
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improving insulin sensitivity, silymarin’s antioxidant and
anti-inflammatory effects could help mitigate diabetes-related
complications. To harness silymarin’s potential, strategies
like nano-formulation or liposomal delivery could improve its
bioavailability. Combining silymarin with insulin therapy or
oral antidiabetic drugs may enhance overall treatment efficacy.
Additionally, isolating and optimizing active constituents like
silybin could improve its potency as an insulin receptor agonist.
Further, such research will extend these interactions and focus
on the clinical significance of these interactions in practice
through in vitro and in vivo studies.
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