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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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]. 

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 PPARγ 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 biological 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 

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.

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].

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].



59

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].

Figure 6. The 2D and 3D structure of silybin B [(2R,3R)-3,5,7-trihydroxy-2-((2S,3S)-3-(4-hydroxy-3-(methylperoxy)phenyl)-2-(hydroxymethyl)-
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 kcal/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 

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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