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Introduction: The detection of myricetin as a major flavonoid content in some Kazakhstan bee 
products suggests that this flavonoid may be primarily responsible for the bioactive properties 
coming from bee products. In this study, therefore, it is worth investigating the necessity of 
planning in silico and in vitro analysis related to myricetin and bee products.

Materials & Methods: The intersection of myricetin and oxidant targets was determined using 
jvenn tool. Subsequently, the intersection of oxidant targets and myricetin was transferred to the 
STRING database to construct a protein-protein interaction (PPI) network. Furthermore, GO and 
KEGG pathway enrichment analyses were performed on the selected core targets using the ShinyGO 
tool. On the other hand, the in vitro DPPH analysis and anti-inflammation tests were applied. 

Results: According to molecular docking scores, affinity values and low binding energies were 
obtained between myricetin and target proteins that are almost identical to those of trolox, the 
standard active ingredient. Bee-derived products showed notable antioxidant activity and moderate 
anti-inflammatory potential, whereas myricetin exhibited significantly stronger antioxidant and 
anti-inflammatory properties.
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1. Introduction

xidants are present within cells as free 
radicals, including hydroxyl radicals and 
superoxide anions, as well as reactive 
oxygen and nitrogen species. These mol-

ecules induce oxidative damage to proteins, lipids, and 
DNA, leading to cellular dysfunction, chronic inflam-
mation, and the development of age-related neurodegen-
erative and cardiometabolic diseases. Excessive ROS 
(reactive oxygen species) production can trigger mito-
chondrial dysfunction, lipid peroxidation, and activation 
of pro-inflammatory signaling pathways, processes that 
play a central role in the pathogenesis of many chronic 
diseases [1]. Living systems possess defense mecha-
nisms against oxidative stress, including catalase (CAT), 
glutathione peroxidase (GPx), superoxide dismutase 
(SOD), glutathione, vitamins C and E, and flavonoids. 
These systems regulate ROS levels to limit oxidative 
damage; however, when endogenous defenses are insuf-
ficient, antioxidant-rich dietary supplements, such as fla-
vonoid derivatives, may provide additional protection. 
Therefore, the antioxidant potential of dietary flavonoids 
and phenolic compounds derived from bee products is of 
considerable interest [2].

Myricetin is a flavonol widely distributed in plants and 
plant-derived bee products [3]. Numerous in vitro and 
in vivo studies have demonstrated its potent antioxidant 
activity through free radical scavenging, metal chela-
tion, inhibition of lipid peroxidation, and modulation of 
endogenous antioxidant enzymes. Increasing evidence 
also supports its anti-inflammatory, neuroprotective, an-
timicrobial, and metabolic regulatory properties [4, 5]. 
Myricetin has been identified in plant families such as 
Primulaceae, Myricaceae, Anacardiaceae, Polygonace-
ae, and Pinaceae, and is frequently investigated because 
of its antioxidant, anticancer, immunomodulatory, and 
anti-inflammatory activities [4, 5]. If myricetin is present 
in floral pollen, honeybees can transfer it to bee pollen 
and other hive products [2-5]. Along with quercetin and 
kaempferol, myricetin is among the major flavonoids 

identified in bee products [6]. Several studies have re-
ported strong correlations between phenolic content and 
antioxidant or anti-inflammatory capacity [7]. Among 
these compounds, flavonols such as myricetin have at-
tracted particular attention, highlighting the need for fur-
ther in silico and in vitro investigations [8]. Myricetin 
has been reported as a major flavonol in certain regional 
honeys from Kazakhstan [3]. Its occurrence in bee prod-
ucts depends on floral composition, vegetation, and sea-
sonal factors. Therefore, given the presence of suitable 
plant species in the flora of southern Kazakhstan, the oc-
currence of myricetin in regional bee products is highly 
plausible [8].

The aim of this study was to evaluate the antioxidant 
and anti-inflammatory potential of myricetin, a flavo-
noid commonly found in bee products, and to investigate 
its interactions with relevant molecular targets using in 
silico approaches. In addition, in vitro DPPH and albu-
min denaturation assays were performed using myricetin 
and bee products from Kazakhstan. The findings are in-
tended to serve as a preliminary basis for future experi-
mental validation studies. The limited regional evidence 
further emphasizes the significance of this study for both 
the phenolic inventory of Kazakhstani bee products and 
the preclinical evaluation of the potential health benefits 
of myricetin.

2. Materials and Methods

2.1. Data acquisition

PubChem is an open-access database containing the 
chemical structures of numerous molecules affiliated 
with the National Institutes of Health (NIH). The 3D 
structure of the myricetin compound was obtained from 
the PubChem database.

2.2. Identification of predicted targets and myricetin

The GeneCards database provides researchers with 
comprehensive information on all annotated and pre-
dicted human genes. Oxidative stress-related targets 

O
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Conclusion: The present in silico analyses suggest that myricetin may interact with multiple 
oxidative stress- and inflammation-related molecular targets. Network pharmacology, GO/KEGG 
enrichment, and molecular docking analyses collectively indicate the potential involvement of 
myricetin in reactive oxygen species (ROS) regulation and inflammatory signalling pathways. 
Supporting these computational findings, our experimental DPPH radical scavenging and anti-
inflammatory assay results demonstrated that myricetin exhibited strong antioxidant and notable 
anti-inflammatory activities compared with bee-derived product extracts. 
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were retrieved from the GeneCards database using the 
keywords ‘oxidative stress’ and ‘reactive oxygen spe-
cies (ROS) and selecting those with a relevance score 
≥10. Preliminary sensitivity comparisons using different 
relevance score thresholds (≥5, ≥10, and ≥15) demon-
strated that the ≥10 cutoff provided an optimal balance 
between the number of retrieved targets and biological 
specificity. Lower thresholds substantially increased 
low-confidence targets, whereas higher thresholds 
markedly reduced pathway coverage. The 326 genes 
associated with oxidative stress and ROS targets were 
identified. SwissTargetPrediction, an online tool, is used 
to predict the targets of bioactive small molecules [9]. 
One hundred target genes for myricetin were obtained 
from the SwissTargetPrediction tool.

The jvenn tool was used to find the intersection of 
targets between oxidant targets and the myricetin com-
pound. Jvenn is an integrated tool used to compare lists 
with Venn diagrams [10]. Cytoscape is a network biol-
ogy visualisation and analysis application that visualises 
molecular connections and biological processes (Cy-
toscape 3.10.4). In the compound-target network, each 
compound or target is represented by a node, and the 
relationship between the compound and the target is 
shown by an edge [11]. 

2.3. PPI network

The intersecting genes were transferred to the STRING 
database to obtain information about the protein interac-
tion network. The STRING database is a repository that 
performs protein-protein interaction networks and func-
tional enrichment analyses for any sequenced genome 
of interest [12]. Compound-target intersecting genes 
were transferred to the STRING database and the spe-
cies was specified as ‘Homo sapiens’. Protein-protein 
interaction (PPI) data were obtained based on interac-
tions with a medium confidence level or higher (score 
≥0.400). Using Cytoscape 3.10.3, 10 potential core tar-
gets were identified by selecting target nodes with DC 
(degree centrality), BC (betweenness centrality), and 
CC (closeness centrality) degree values. DC was consid-
ered the primary parameter for hub target prioritization 
due to its ability to identify highly connected proteins 
with potential biological significance within the interac-
tion network.

Gene ontology (GO) and Kyoto encyclopedia of genes 
and genomes (KEGG) pathway enrichment analysis 
was performed using the ShinyGO 0.82 tool. ShinyGO 
is an online data tool that utilises data from Ensembl and 
STRING to obtain enriched GO terms and other path-

ways for a large number of species [13]. Core target 
genes were selected using HUGO Gene Nomenclature 
Committee (HGNC) gene symbols for the species ‘H. 
sapiens’, with a P<0.05 set for significant differences, 
and visualisation was performed.

2.4. Molecular docking

Molecular docking is a theoretical simulation method 
used in drug discovery to study the interactions between 
receptors and ligands. The Protein Data Bank (PDB) is 
a database that provides information about the three-
dimensional structures of molecules such as proteins 
and nucleic acids [14]. Docking targets were selected 
according to degree centrality values in the PPI net-
work, biological relevance to oxidative stress pathways, 
and literature evidence regarding ROS production and 
inflammatory signalling. The 3D structure of the target 
proteins was obtained from the PDB database, and the 
3D structure of the ligand molecule was obtained from 
the PubChem database. AutoDock 4.2 software and the 
integrated AutoDockTools (MGLTools 1.5.7) interface 
were used [15, 16].

2.5. Extraction of bee products

Bee product samples including pollen, propolis and 
honey were obtained from certified local beekeepers 
in Southern Kazakhstan. The collected samples were 
stored at 4 °C until analysis. For extraction, 5 g of each 
sample was mixed with 100 mL of 70% ethanol and in-
cubated in a shaker incubator at room temperature for 
48 h. The mixtures were filtered using Whatman No.1 
filter paper and concentrated under reduced pressure 
using a rotary evaporator at 40 °C. The obtained crude 
extracts were lyophilized and stored at −20 °C until fur-
ther analyses. Stock solutions were prepared in dimethyl 
sulfoxide (DMSO) before biological assays. 

2.6. Determination of total flavonoid content

Total flavonoid content (TFC) was determined using 
the aluminum chloride colorimetric assay. Briefly, 0.5 
mL of extract was mixed with 0.5 mL of 2% aluminum 
chloride solution and incubated for 30 min at room tem-
perature. Absorbance was measured at 415 nm. Quer-
cetin was used for calibration and the results were ex-
pressed as mg quercetin equivalents (QE)/g extract [17]. 

2.7. DPPH radical scavenging assay

The antioxidant activity of the extracts was evaluated 
using the DPPH free radical scavenging assay [18]. Dif-
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ferent concentrations of extracts (10–500 µg/mL) were 
prepared and mixed with 0.1 mM DPPH solution. The 
reaction mixtures were incubated in the dark for 30 min 
at room temperature. Absorbance was measured at 517 
nm using a microplate reader. Radical scavenging activ-
ity was calculated as percentage inhibition relative to 
the control group, and IC50 values were determined. The 
commercially available standard myricetin (Sigma-Al-
drich) was used as a reference compound in all activity 
assays for comparative analysis.

2.8. Albumin denaturation assay (anti-inflammatory 
activity)

The anti-inflammatory potential of the alcoholic ex-
tracts of the tested bee product samples was evaluated 
based on their ability to inhibit heat-induced denatur-
ation of bovine serum albumin (BSA). The reduction in 
protein denaturation indicates anti-inflammatory activ-
ity. Briefly, 0.5 mL of 1% BSA solution was mixed with 
0.1 mL of the test samples at different concentrations. 
The pH of the reaction mixture was adjusted to 6.3 using 
PBS. The mixtures were incubated at 37 °C for 20 min-
utes, followed by heating at 70 °C for 5–10 minutes to in-
duce protein denaturation. After incubation, the mixtures 
were cooled to room temperature. The resulting turbidity 
was measured spectrophotometrically at 560 nm [19]. 
The commercially available standard myricetin (Sigma-
Aldrich) was used for comparative analysis as a standard 
pure drug molecule. The higher percentage of inhibi-
tion indicates stronger anti-inflammatory activity of the 
tested compounds. The percentage inhibition of protein 
denaturation was calculated using the Equation 1:

1. Inhibition%= [(Absorbance of control –Absorbance 
of sample): Absorbance of control] ×100

2.9. Statistical analysis

All experiments were performed in triplicate and re-
sults were expressed as Mean±SD. Statistical analyses 
were carried out using GraphPad Prism software. Statis-
tical significance was considered at P<0.05.

3. Results

3.1. Myricetin

The chemical structure of myricetin is shown in Figure 
1.

3.2. Compound-target network and analysis

There are 12 common targets between myricetin tar-
gets and oxidative stress related targets according to the 
Venn diagram results (Figure 2). 

The relationship between the component and the tar-
get is shown by connecting lines. There are 416 nodes 
and 426 edges in the active compound and target net-
work. The light blue octagon represents the active com-
pound myricetin, while the dark blue ellipses represent 
the genes associated with myricetin. The yellow hexa-
gon represents oxidant targets, while the orange ellipses 
represent oxidant target genes. The dark green V-shaped 
genes represent the intersection genes in myricetin and 
oxidant targets (Figure 3).

3.3. PPI network construction and analysis

Following the loading of compound target intersection 
genes into the STRING database for the protein-protein 
interaction (PPI) network, a total of 12 nodes and 19 
edges were generated in the network (Figure 4). 
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Figure 1. Myricetin chemical structure
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As shown in Table 1, the top 10 hub proteins (AKT1, 
MAOA, NOX4, MPO, XDH, TYR, APP, PARP1, CY-
P1B1, and ARG1) were identified based on PPI net-
work topology parameters, including DC, BC, and CC. 
Among these parameters, DC was primarily prioritized 
because it reflects the number of direct interactions as-
sociated with each protein and is commonly used to 
identify biologically influential hub targets in network 
pharmacology analyses.

3.4. GO enrichment and KEGG pathway analysis

The 12 common targets obtained were analysed using 
the ShinyGO 0.82 tool. The biological processes given 
in Figure 5a were evaluated in terms of oxidative stress. 
Biological Process: Positive regulation of ROS meta-
bolic process shows that enrichment is high. Although 
the “positive regulation of reactive oxygen species meta-
bolic process” term demonstrated enrichment within the 
GO analysis, its statistical support was comparatively 
weaker based on the corresponding FDR-adjusted P-
value. ROS metabolic process enrichment is high and 
statistically significant. Response to oxidative stress 

indicates a process with high enrichment and statistical 
significance. Cellular response to oxidative stress has 
moderate enrichment and statistical significance. The 
cellular component shown in Figure 5b was evaluated 
in terms of oxidative stress. Mitochondrion is the most 
statistically significant component. The Molecular Func-
tion shown in Figure 5c was evaluated in terms of oxida-
tive stress. Monooxygenase activity, Heme binding, and 
oxidoreductase activity are functions that can generally 
be associated with oxidative stress. The KEGG pathway 
analysis given in Figure 5d has been evaluated in terms 
of oxidative stress. Chemical carcinogenesis-reactive 
oxygen species is a pathway that is both statistically sig-
nificant and highly enriched (enrichment score =4.1 and 
FDR=0.0033).

3.5. Molecular docking

According to the PPI network analysis, the two pro-
teins with the highest degree centrality values and stron-
gest relevance to oxidative stress-related pathways were 
selected for molecular docking analyses. Molecular 
docking results have demonstrated that myricetin can 

Figure 3. Network between myricetin and oxidant targets

Figure 2. Myricetin and oxidative stress related intersection targets
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interact well with the AKT1 protein. Myricetin had two 
hydrogen bonds with the AKT1 protein at GLU A:17 
and GLN A:79, and one hydrogen bond at CYS A:296 
and TYR A:18. In addition, it revealed a binding energy 
of -6.82 kcal/mol with pi-based interactions and van der 
Waals bonds present in the structure. The docking score 
was determined to be -8.56 kcal/mol for capivasertib 
(Table 2).

Molecular docking results have demonstrated that 
myricetin can interact well with the MAOA protein. 
Myricetin formed two hydrogen bonds with TYR A:69 
and one hydrogen bond with GLY A:443, ARG A:51, 
ILE A:23, THR A:52, and GLY A:49 of the MAOA pro-
tein. Furthermore, the pi-based interactions and van der 
Waals bonds present in the structure yielded a binding 
energy of -8.18 kcal/mol. Furthermore, the pi-based in-
teractions and van der Waals bonds present in the struc-

ture revealed a binding energy of -9.15 kcal/mol for Clo-
rgyline (reference inhibitor) (Table 3).

Although network pharmacology analysis identified 
multiple potential target proteins, molecular docking 
studies were selectively conducted on representative hub 
targets with higher biological relevance and adequate 
structural suitability. The selection criteria primarily in-
cluded topological significance within the PPI network, 
particularly degree centrality values, functional associa-
tion with the investigated signaling pathways, and the 
availability of high-resolution crystallographic struc-
tures in the PDB. Accordingly, docking analyses were 
focused on the most representative targets to provide a 
mechanistically robust and biologically meaningful in-
terpretation rather than extending the analysis to all pre-
dicted proteins. 

Table 1. The top 10 targets according to the degree value

Name Degree Centrality Betweenness Centrality Closeness Centrality

AKT1 8 0.6152 0.7333

MAOA 5 0.1000 0.5789

NOX4 4 0.0061 0.5

MPO 4 0.0182 0.5

XDH 4 0.0061 0.5

TYR 3 0.3273 0.55

APP 2 0.0 0.4583

PARP1 2 0.1818 0.4783

CYP1B1 2 0.1818 0.3929

ARG1 2 0.0 0.4583

Figure 4. PPI analysis
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Biological Process (a) Cellular Component (b)

Molecular Function (c) KEGG (d)

Figure 5. GO and KEGG analysis (GO enrichment analysis of oxidative stress-related targets

Note: Statistical significance was evaluated using FDR-adjusted P-values generated by ShinyGO analysis).

Table 2. AKT1, myricetin, capivasertib docking score and structure

AKT1 - (6HHF) 2D Structure Docking Score

Myricetin -6.82

Capivasertib (reference 
inhibitor for AKT1) -8.56
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Additionally, RMSD analysis between the reference li-
gand and the docked complex was planned; however, a 
reliable RMSD value could not be obtained due to incon-
sistencies in atom mapping during the structure prepara-
tion and alignment processes. Therefore, the validation 
process was comprehensively evaluated based on the 
binding orientations of the ligands within the active site 
and their protein–ligand interaction profiles.

The docking scores obtained for myricetin against 
AKT1 (−6.82 kcal/mol) and MAOA (−8.18 kcal/mol) 
suggest moderate to strong binding affinity according to 
commonly accepted molecular docking evaluation crite-
ria. Molecular Docking scores should not be interpreted 
as direct evidence of biological activity but rather as 
supportive computational predictions. Binding affinities 
lower than −6.0 kcal/mol are generally considered indic-

ative of potentially stable ligand–protein interactions in 
molecular docking studies. 

3.6. Extraction field of bee products

Extractions of bee products, including pollen, propolis, 
and honey samples, were prepared using a 70% ethanol 
solvent. The yields of the obtained extracts were calcu-
lated as percentages (Table 4).

3.7. Total flavonoid content

The total flavonoid content of all extracts is given in 
Table 5. It has been determined that the total flavonoid 
content varies depending on the sample type.

Table 4. Percentage yields of bee product extracts

Samples Code Locality Field (%)

Pollen

N1 Koğam Village 9.8

N2 Shymkent 7.6

N3 Kelintobe Village 7.4

Propolis

P1 Kelintobe Village 10.8

P2 Zhanakorgan Province 9.9

P3 Koğam Village 7.6

Honey

B4 Kelintobe Village 5.9

B5 Zhanakorgan Province 6.3

B6 Koğam Village 7.1

Table 3. MAOA, myricetin, clorgyline docking score and structure

MAOA - (2BXS) 2D Structure Docking Score

Myricetin -8.18

Clorgyline (reference inhibitor for MAOA) -9.15
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3.8. Anti-inflammatory activity of bee products

The albumin denaturation inhibition activities of etha-
nol extracts of pollen, propolis, and honey samples col-
lected from different localities in Kazakhstan are pre-
sented in Table 6.

The albumin denaturation inhibition test is a reliable 
and widely used in vitro method for preliminary screen-
ing of anti-inflammatory activity. Protein denaturation 
plays a significant role in inflammatory processes and 
constitutes one of the mechanisms of action of anti-in-
flammatory drugs. Therefore, it is thought that extracts 
showing high activity in this test may also have the po-
tential for anti-inflammatory effects under in vivo con-

ditions. In conclusion, ethanol extracts of bee products 
collected from Kazakhstan exhibited significant anti-
inflammatory activity in the albumin denaturation inhi-
bition test. Further studies are recommended to isolate 
and characterize the active compounds, apply different 
in vitro anti-inflammatory tests, and evaluate their in 
vivo activity.

4. Discussion

The main objective of this study was to evaluate the 
antioxidant and anti-inflammatory potential of myricetin 
and bee products from Kazakhstan using integrated in 
silico and in vitro approaches. Myricetin is among the 
major bioactive flavonoids identified in bee products, and 

Table 6. Percentage of albumin denaturation inhibition of ethanolic extracts of bee products from Kazakhstan

Samples Code 100 mg/mL (%) 10 mg/mL (%) 1 mg/mL (%)

Diclofenac Sodium Standard inhibitor. 
Positive control 80.03±0.7 66.86±1.28 60.66±0.32

Pollen

N1 41.9±2.5 26.6±3.8 20.1±2.3

N2 40.7±4.4 29±4.7 24.5±3.7

N3 32.4±1.8 25.3±4.6 18±2.4

Propolis

P1 33.8±3.6 25±4.5 17.2±3.4

P2 31.3±2.5 26.6±3.9 20±2.7

P3 33.8±4.4 27.3±2.4 24.5±2.6

Honey

B4 21.1±2.6 35.5±3.6 25.4± 3.4

B5 25.2±3.5 26.3±3.8 17±1.2

B6 29.7±4.3 24.6±3.9 17.3±2.3

Table 5. Total flavonoid content of bee product extracts (mg QE/g extract)

Samples Code Total Flavonoid Content (mg QE/g extract)

Pollen

N1 5.6±0.5

N2 6.3±0.4

N3 7.3±0.5

Propolis

P1 6.2±0.3

P2 6.9±0.7

P3 5.5±0.6

Honey

B4 4.8±0.5

B5 5.7±0.5

B6 6.4±0.8
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reports of high myricetin levels in plant species native to 
Kazakhstan suggest that regional bee products may con-
stitute an important source of this compound. Previous 
studies have demonstrated that myricetin protects cells 
against oxidative stress through direct free radical scav-
enging and indirect modulation of endogenous antioxi-
dant enzymes, including SOD, CAT, and GPx [4, 20]. The 
present findings demonstrated that bee-derived products 
collected from different regions of Kazakhstan contain 
considerable flavonoid levels and exhibit moderate anti-
inflammatory activity in the albumin denaturation assay. 
Pollen and propolis extracts generally showed higher 
flavonoid contents and stronger biological activities than 
honey samples. Although the anti-inflammatory effects 
were lower than those of diclofenac sodium, the results 
support the hypothesis that flavonoid-rich bee products 
represent valuable natural sources of antioxidant and an-
ti-inflammatory compounds. These findings were consis-
tent with network pharmacology and molecular docking 
analyses, which identified targets and pathways associ-
ated with oxidative stress and inflammation. The poten-
tial interactions of myricetin with oxidative stress- and 
inflammation-related molecular targets were investigated 
through GO/KEGG pathway enrichment, network analy-
sis, protein-protein interaction (PPI) mapping, and mo-
lecular docking. The combined in silico and in vitro find-
ings suggest that myricetin, together with pollen, honey, 
and propolis extracts, may reduce oxidative damage and 
modulate inflammatory responses. Twelve common tar-
gets were identified between myricetin and oxidative 
stress-related genes retrieved from the GeneCards data-
base. Functional analyses indicated that these targets are 
primarily involved in ROS production, redox regulation, 
inflammatory signaling, and mitochondrial metabolism. 
The network analysis, comprising 416 nodes and 426 
edges, highlighted the multi-target nature of myricetin, 
suggesting that its biological effects arise from coordi-
nated modulation of interconnected signaling pathways 
rather than a single molecular target. PPI analysis iden-
tified AKT1, MAOA, NOX4, MPO, XDH, TYR, APP, 
PARP1, CYP1B1, and ARG1 as key targets, with AKT1, 
MAOA, NOX4, and MPO showing the highest centrality 
scores. AKT1 is a major regulator of the PI3K/AKT/NF-
κB axis and plays a critical role in oxidative stress and 
inflammation. Myricetin interaction with AKT1 suggests 
potential suppression of inflammatory signaling. MAOA 
contributes to mitochondrial ROS generation through 
hydrogen peroxide production during neurotransmitter 
metabolism. The strong binding affinity of myricetin 
for MAOA (−8.18 kcal/mol) indicates a potential role in 
reducing mitochondrial oxidative stress, which may be 
relevant to neurodegenerative disorders [21, 22].

NOX4 and MPO are major contributors to ROS pro-
duction and inflammatory signaling [23, 24]. Their iden-
tification as central network nodes suggests that myric-
etin may modulate oxidative stress-associated pathways. 
However, direct inhibitory effects on these enzymes 
require experimental confirmation. GO and KEGG en-
richment analyses revealed significant associations with 
the “ROS metabolic process,” “response to oxidative 
stress,” mitochondrial components, and the “chemical 
carcinogenesis-reactive oxygen species” pathway. These 
findings indicate that myricetin may influence mito-
chondrial function, redox homeostasis, and ROS-medi-
ated DNA damage. Enrichment of monooxygenase and 
oxidoreductase activities further supports the capacity of 
myricetin to regulate oxidative enzyme systems along-
side its direct free radical scavenging effects. Molecu-
lar docking demonstrated favorable binding affinities of 
myricetin toward AKT1 (−6.82 kcal/mol) and MAOA 
(−8.18 kcal/mol), providing a molecular basis for its 
anti-inflammatory and antioxidant activities. These in-
teractions suggest potential relevance in conditions char-
acterized by chronic inflammation, mitochondrial dys-
function, and oxidative stress.

Overall, the present findings indicate that myricetin is 
a multi-target natural compound capable of modulating 
redox balance, mitochondrial function, and inflammato-
ry signaling pathways. These results are consistent with 
previous reports describing its antioxidant, cytoprotec-
tive, and anti-inflammatory effects [25]. Consequently, 
myricetin may represent a promising candidate for fur-
ther investigation in oxidative stress- and inflammation-
related disorders, including neurodegenerative, cardio-
vascular, and metabolic diseases.

5. Conclusion

The present study employed an integrated in silico 
and in vitro approach to evaluate the antioxidant and 
anti-inflammatory potential of myricetin and Kazakh-
stan-derived bee products. Total flavonoid content was 
determined alongside biological activity assessments, 
providing a comprehensive framework for investigat-
ing the health-promoting properties of myricetin and 
flavonoid-rich bee products. Network pharmacology, 
GO/KEGG enrichment, and molecular docking analyses 
indicated that myricetin may exert multi-target effects 
through the modulation of pathways associated with 
ROS regulation, redox homeostasis, mitochondrial func-
tion, and inflammatory signaling. These findings support 
the potential relevance of myricetin in oxidative stress-
related disorders. The in vitro results demonstrated that 
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Kazakhstan bee products contain considerable levels of 
flavonoids and exhibit measurable antioxidant and anti-
inflammatory activities, highlighting their potential as 
natural sources of bioactive compounds. The concor-
dance between experimental findings and computational 
predictions provides preliminary evidence supporting 
the biological significance of myricetin and related phe-
nolics. However, the present findings should be inter-
preted with caution, as the study relied substantially on 
computational approaches, including network pharma-
cology and molecular docking, which are constrained 
by the completeness and accuracy of currently available 
databases. In addition, comprehensive phytochemical 
characterization using HPLC or LC-MS is required to 
confirm and quantify myricetin and other bioactive fla-
vonoids in the investigated samples. As an exploratory 
study, the integration of total flavonoid analysis, in vitro 
bioactivity assays, and in silico predictions provides an 
initial basis for understanding the mechanisms underly-
ing the observed biological effects. Nevertheless, further 
phytochemical, molecular, and in vivo investigations are 
necessary to validate the proposed targets, elucidate the 
underlying mechanisms, and establish causal relation-
ships between phytochemical composition and biologi-
cal activity. Overall, these findings identify myricetin as 
a promising natural candidate for future research aimed 
at the prevention or adjunctive management of oxidative 
stress- and inflammation-related diseases.
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