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SwissParam Residue Interaction
Molecule ID Score Pose Protein Surface

(Kcal/mol)

7225520308 -6.9003

7225654462 -6.8825

727664946 -6.8772

7280289292 -6.8420

71279873071 —-6.8089

7373772438 -6.8059
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7440626236 —-6.7975

728609494 -6.7942

71171598708 —-6.7447

71584010628 -6.5722
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SwissParam Residue Interaction
Molecule ID Score Protein Surface
Pose
(Kcal/mol)
71095263098 -6.2196 2 0§

Evaluating Drug Likeness
with SwissAdme Server

To determine whether the compounds
that we have found could function as oral
drug candidates, we analyzed the physico-
chemical and pharmacokinetic properties
of the top seven compounds using the Swis-
sADME server. In this experiment, Lipinski’s
Rule of Five, predicted solubility, and gastro-
intestinal absorption were analyzed.

Lipinski’s Rule of Five is used to estimate
whether a compound is likely to be a good
oral drug. According to this rule, a molecule
should have no more than five hydrogen
bond donors, no more than ten hydrogen
bond acceptors, a molecular weight under
500 daltons, and a consensus LogP value un-
der five. If a compound does not meet all of
these rules, it is less likely to be absorbed ef-
fectively and was not allowed to continue in
this study.

As shown in Table 5, all seven molecules
met Lipinski’s rules with zero violations. Mo-
lecular weights ranged from 316.36 Da to
486.82 Daltons, and none exceeded the 500

Da limit (Table 5). The number of hydrogen
bond donors ranged from 2 to 4, and hydro-
gen bond acceptors ranged from 3 to 8, which
all meet the criteria (Table 5). Consensus
LogP values ranged from 1.18 to 4.68, which
means all of the compounds were below the
maximum of 5 (Table 5).

Predicted solubility using the ESOL mod-
el was different among all of the compounds
(Table 5). Molecule 5 was classified as very
soluble. Molecules 2, 3, and 4 were classified
as soluble, while Molecules 1, 6, and 7 were
moderately soluble (Table 5).

GI absorption also helped narrow down
the best compounds. Six of the seven mol-
ecules were predicted to have high GI ab-
sorption. Molecule 1 was the only compound
predicted to have low GI absorption (Table
5), which suggests that even though it meets
Lipinski’s rules, it may not be absorbed effi-
ciently when taken orally.

Overall, based on the data summarized
in Table 5, all seven compounds met the re-
quired drug likeness scores and were allowed
to continue on in the study.

Table 5. Summary of Lipinski’s Rule of Five parameters (molecu-
lar weight, hydrogen bond donors, hydrogen bond acceptors, and consen-
sus LogP), ESOL solubility classification, and predicted gastrointestinal (GI)
absorption for the seven compounds using the SwissADME server

Molec- . .
Molecular ular H-Bond Iji-cliznfl Consen- lzzsgﬁ)—_ ESOL AbsG(f )
ID Weight Donors P~ sus LogP . Solubility Sorp
tors lations tion
(Da)
Moderately
7764690862 486.82 2 8 4.88 None Soluble Low
773447142  384.45 2 5 2.88 None Soluble High
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Molec-

Molecular ular H-Bond I;—clzcénfi Consen- klesl\I’llf)- ESOL AbSoI )
ID Weight Donors P sus LogP . Solubility sorp
tors lations tion
(Da)
752103291 363.41 3 3 2.11 None Soluble High
7225520308 346.40 2.37 None Soluble High
7225654462  316.36 2 4 1.18 None Ver’élse"lu' High
Moderately
727664946  415.44 4 4 2.67 None Soluble High
Moderately
7280289292 432.53 2 5 3.80 None Soluble High

Identifying Drug Toxicity
with Protox 3

The purpose of this experiment was to
evaluate the predicted toxicity of the top com-
pounds using Protox 3 and determine wheth-
er their toxicity levels are within the FDA’s
limits (Table 6). The toxicity was evaluated
using predicted LD50 values, toxicity class,
and toxicity radar charts. In general, a higher
LD50 means the compound is less toxic, and
a lower LD50 means it is more toxic.

The predicted LD50 values ranged
from 300 mg/kg to 2500 mg/kg (Table 6).

7280289292 had the highest LD50, 2500
mg/kg, and had a toxicity class of 5, which
means it has the lowest predicted toxicity
out of the group. 72225654462 (1500 mg/
kg) and four other compounds- Z73447142,
7764690862, 752103291, and Z225520308
(1000-1100 mg/kg)- were placed in toxici-
ty class 4, which indicates moderate toxicity.
727664946 had the lowest LD50 value of 300
mg/kg and was classified as toxicity class 3,
meaning it is more toxic than the others.

Table 6. Outcomes from predicted toxicity analysis using Protox 3. LD50 (mg/kg)
represents the predicted dose required to cause death in 50% of test subjects, and tox-
icity class categorizes compounds based on toxicity level. The toxicity radar charts
display predicted toxicity endpoints compared to FDA reference thresholds
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The toxicity radar charts compare each
compound’s predicted toxicity endpoints to
FDA limits. Most of the compounds stayed
within the FDA limits across the chart.
752103291 had one point slightly above the
FDA limit, but it was only about 1% higher,
so it is still safe. In contrast, Z764690862 had
multiple points above the FDA limit, which
suggests higher risk across several toxicity
categories. Because of this, Z764690862 is the
least favorable option from a toxicity stand-
point and will not be moving on in the study.

The active and inactive network charts
show predicted biological targets related to
toxic effects. The active charts represent pro-
teins the compounds may interact with that
are connected to toxicity pathways, while the
inactive charts represent predicted non-in-
teracting targets.

Overall, most of the compounds showed
predicted toxicity levels within the FDA limits.

Conclusion

This study used several computational
drug discovery tools to search for small mol-
ecules that could block PCSK9, a protein that
contributes to high LDL cholesterol. By com-
bining virtual screening, molecular docking,
and drug-likeness analysis, two compounds —
773447142 and Z52103291 — were identified
as the strongest potential inhibitors.

77344714 had a docking score of —7.1420
kcal/mol and an RMSD of 0.034. This means
that it has really stable binding. It has a mo-
lecular weight of 384.45 Da, 2 hydrogen bond
donors, and 5 hydrogen bond acceptors, and
no Lipinski’s Rule of Five violations. It also

Section 2. Life Sciences

has a consensus LogP of 2.88, was predict-
ed to be soluble, and a high GI absorption. It
also had an LD50 of 1100 mg/kg with a pre-
dicted toxicity class of 4.

752103291 had a docking score
of —=7.1030 kcal/mol and an RMSD of 0.032.
It has a molecular weight of 363.41 Da, 3 hy-
drogen bond donors, and 3 hydrogen bond
acceptors, and no Lipinski’s Rule of Five
violations. Its consensus LogP was 2.11, it
was soluble, and had a high GI absorption.
It had an LD50 of 1000 mg/kg with a tox-
icity class of 4. Although one value on the
radar chart was about 1% above the FDA
limit, it was only slightly higher so it is still
considered safe.

There are a few limitations to this study.
First, all experiments were done virtually, so
we do not know if the compounds will be-
have the same way in real cells or in humans.
The docking and toxicity predictions might
not translate to real biological results. Also,
only two chemical libraries were screened,
so other potentially better compounds may
exist that were not included in this study.
Because of this, lab testing has to be done
to confirm that the selected compounds ac-
tually have the predicted effectiveness from
our study.

Overall, Z73447142 is the top compound
because it showed slightly stronger bind-
ing and a slightly higher LD50 value, which
means that it is more stable and safe. This
compound should continue for future lab
testing and 252103291 is a good second can-
didate if Z73447142 isn’t effective in a lab
setting.
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Abstract

Alzheimer’s disease (AD) is a progressive neurological disorder that affects memory, think-
ing, and behavior. It is one of the leading causes of dementia worldwide, and current treatments
mainly focus on managing symptoms rather than slowing or stopping disease progression. Re-
search has identified glycogen synthase kinase-3 (GSK3) as a key enzyme involved in abnormal
tau phosphorylation, which contributes to the development of Alzheimer’s disease. Targeting
GSK3 may provide a potential therapeutic approach. In this study, computational methods,
including virtual screening and molecular docking, were used to evaluate small molecules as
possible GSK3 inhibitors. Docking simulations were performed using SwissDock, and binding
affinity was measured using FullFitness scores and estimated Gibbs free energy (AG). Several
compounds demonstrated strong predicted binding within the enzyme’s active site, suggesting
stable interactions. These results indicate that certain small molecules may have potential as
GSK3-targeted therapies. However, further experimental testing would be required to confirm
their effectiveness and safety.
Keywords: Drug Discovery, virtual screening, Alzheimer’s disease, GSK3

1. Introduction to do everyday tasks, have a proper conversa-

1.1. Background

The most prevalent cause of dementia is
Alzheimer’s disease, a neurological condition
that gradually deteriorates an individual’s
memory and cognitive abilities. It can often
take five, ten, or even twenty years to show
symptoms (“Alzheimer’s Disease: Get the
Facts.” 2024). Beginning with minor memory
loss, it could eventually result in the inability

tion, or interact with the surrounding envi-
ronment (CDC. “About Alzheimer’s.” 2024).
This disease is fatal; every 65 seconds, some-
one in the US gets Alzheimer’s, but by 2050,
it is expected to increase to every 33 seconds.
An estimated 500,000 Americans lose their
lives to Alzheimer’s disease each year, mak-
ing it the 10th leading cause of death with
no cure in the US, as well as one of the most
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expensive diseases in the nation. Treatment
for AD, which includes healthcare, long-
term care, and hospice care, was expected
to cost $321 billion in 2022, and by 2050,
it is projected to cost more than $1 trillion.
Medicare and Medicaid cover about 65% of
out-of-pocket medical costs. However, due to
an anticipated increase in yearly payments,
Alzheimer’s is predicted to raise Medicare
and Medicaid spending by more than 330%
by 2050 (Skaria A. P., 2022).

1.2. Acetylcholinesterase theory

AChE is a neurotransmitter that travels
through nerve cells to send messages from
the brain to the body. It plays a significant
role in memory, learning, attention, emo-
tion, and spontaneous muscle activity (LiS.,
LiA.J., ZhaoJ., Santillo M. F., Xia M., 2022).
Acetylcholinesterase, or AChE, is an enzyme
typically found at postsynaptic neuromuscu-
lar junctions that breaks down acetylcholine.
Acetylcholine is produced when choline and
the acetyl group react, facilitated by an en-
zyme called choline acetyltransferase (Fro-
edeH.C., WilsonI.B., KaufmanH., 1986).
However, in Alzheimer’s disease, damage or
death of the cells that produce it leads to the
loss of acetylcholine in the brain, resulting
in memory loss and confusion. In the brain,
AChE usually breaks down acetylcholine.
Slowing the breakdown of acetylcholine can
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be accomplished by blocking AChE, which
leaves more acetylcholine available for mem-
ory and cognitive functions. This strategy has
led to the development of medications known
as AChE inhibitors, designed to improve the
mental functioning of Alzheimer’s patients.
By preserving acetylcholine levels, these
treatments may enhance nerve-cell commu-
nication and reduce specific symptoms asso-
ciated with the condition (Selkoe D.J., Har-
dyJ., 2016).

1.3. Amyloid theory

Amyloid-beta is a protein naturally pro-
duced by the brain. In Alzheimer’s disease,
this protein forms sticky plaques that build
up in the spaces between brain cells. These
plaques block communication among brain
cells, resulting in memory loss and cognitive
impairment. Scientists propose that elimi-
nating amyloid plaques could reduce or po-
tentially prevent Alzheimer’s. Aducanumab
and lecanemab are two recent medications
designed to remove amyloid plaques and
improve brain function (Musiek E. S., Holtz-
man D. M., 2015). This theory suggests that
Ap peptides aggregate, forming plaques, and
that these plaques, along with soluble oligo-
mers, disrupt neuronal function and trig-
ger a cascade of events leading to disease
progression (DiSabatoD.J., QuanN., God-
bout J. P., 2016).

Figure 1. Brain scans comparing f-amyloid and tau levels in a healthy in-
dividual and a patient with Alzheimer’s disease. The brighter yellow and
red areas show greater protein buildup, which is much more visible in
the Alzheimer’s brain (“Alzheimer’s Disease: Get the Facts.” 2024)

- BHO

Healthy control

Alzheimer’s disease
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1.4. Neuroinflammation

In the brain and spinal cord, neuroin-
flammation is a complicated inflammatory
response that is brought on by a variety of
triggers, such as infections, trauma, or neu-
rodegenerative illnesses. It involves the pro-
duction of inflammatory mediators and the
activation of immune and glial cells (Beese,
Megan. 2025). Chronic neuroinflammation
can harm neurons and impair brain func-
tion, although temporary inflammation may
be helpful in repair. Numerous neurologi-
cal disorders, including multiple sclerosis,
Parkinson’s disease, and the most common,
Alzheimer’s disease, are associated with this
chronic inflammation. Neuroinflammation
may exacerbate the accumulation of damag-
ing plaques and tangles in Alzheimer’s dis-
ease, resulting in cognitive decline and mem-
ory loss (Kumar, Anil, et al., 2023).

1.5. FDA-approved drugs for
Alzhiemer’s disease — Donepezil

Donepezil, one of the five FDA-approved
medications for Alzheimer’s disease at the
moment, is frequently recommended to as-
sist in treating symptoms, including disorien-
tation and memory loss. Although donepezil
increases acetylcholine levels, a neurotrans-
mitter crucial for memory and learning, it
does not halt the progression of the illness.
Although these drugs can offer short-term
respite, their effects are usually short-lived.
Millions of individuals worldwide are still af-
fected by Alzheimer’s (Hooper C., KillickR.,
Lovestone S., 2008). Therefore, new thera-
pies that address the disease’s fundamental
causes — such as tau tangles, amyloid plaque
accumulation, and neuroinflammation — are
desperately needed.

1.6. GSK3 — the connection between
GSK3 and Alzheimer’s disease

An enzyme called glycogen synthase ki-
nase 3 (GSK3) is involved in metabolism, cell
division, and brain development, among oth-
er biological processes. GSK3a and GSK3p
are its two primary forms, with GSK3p be-
ing especially significant in the brain. GSK3
becomes hyperactive in Alzheimer’s disease
and is closely associated with the formation
of tau tangles, one of the main characteris-
tics of the condition. Tau changes form and
clumps inside neurons when GSK3 adds too
many phosphate groups to the tau protein,
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a process known as hyperphosphorylation.
These tau tangles eventually cause brain cells
to die because they prevent them from com-
municating with one another. Apart from
its involvement in tau pathology, GSK3 may
also have an impact on amyloid-beta plaque
formation and neuroinflammation, both
of which are linked to the advancement of
Alzheimer’s disease (LaurettiE., DincerO.,
Pratico D., 2020). GSK3 is being investigat-
ed as a potential target for the creation of
intriguing and more effective Alzheimer’s
treatments due to its profound influence on
several disease pathways.

1.7. Literature Review

Numerous studies investigating the in-
volvement of Glycogen Synthase Kinase-3
(GSK3) in Alzheimer’s disease (AD) have
generated a thorough understanding of the
illness’s fundamental causes and possible
treatment approaches. GSK3 is introduced
as a central kinase in AD pathophysiolo-
gy in «The GSK3 Hypothesis of Alzheimer’s
Disease» (Lauretti E., Dincer O., PraticoD.,
2020), which also highlights its role in tau
hyperphosphorylation, a crucial step in de-
veloping neurofibrillary tangles. Further-
more, by affecting the processing of amyloid
precursor protein (APP), GSK3 regulates the
generation of amyloid-f, two characteristics
characteristic of AD. According to the article,
memory, cognitive function, and neurogen-
esis — all of which are significantly compro-
mised in AD patients — are directly impacted
by GSK3 disruption. This theory is expanded
upon in another piece, “Glycogen Synthase
Kinase-3 Signaling in Alzheimer’s Disease”
(Lauretti E., Dincer O., PraticoD., 2020),
which discusses the interaction between
GSK3 and other signaling pathways linked
to AD neuropathology. It draws attention to
how the kinase affects neurogenesis and syn-
aptic function, indicating that GSK3 activity
plays a role in neuronal injury and cognitive
decline. The paper describes preclinical ef-
forts to produce GSK3 inhibitors, highlight-
ing GSK3’s potential as a beneficial target.
However, significant barriers remain to con-
verting these inhibitors into clinical medi-
cations, particularly minimizing off-target
effects and obtaining effective blood-brain
barrier penetration. Based on both papers,
GSK3 remains a potential target despite all
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of these obstacles, and research is still being
done to improve methods for regulating it to
slow the progression of AD. According to the
pooled research, GAK3 inhibition may have
therapeutic potential, but more research is
needed to determine its clinical practicality.

2. Methods

2.1 Experiment 1 — Identification of
Binding Sites in GSK3

The goal of this experiment was to iden-
tify possible binding sites on the GSK3 pro-
tein where small molecules could bind. The
three-dimensional structure of the GSK3
protein was analyzed using DoGSiteScorer,
a computational tool that detects pockets on
the surface of proteins.

The protein structure was uploaded into
the DoGSiteScorer server. The program
scanned the protein surface and identified
several potential binding pockets. For each
pocket, measurements such as volume, sur-
face area, and drug score were calculated. The
drug score estimates how suitable a pocket
may be for binding drug-like molecules.

To further analyze the protein, a second
tool called PrankWeb was used. PrankWeb
predicts ligand binding sites using a machine-
learning method that considers factors such
as interaction energy and residue conser-
vation. The program ranked the predicted
binding pockets based on score, probability,
and number of residues involved. The high-
est ranked pockets were selected as the most
promising binding sites.

2.2 Experiment 2 — Virtual Screen-
ing

After identifying potential binding pock-
ets, virtual screening was performed to find
small molecules that could interact with the
GSK3 protein. This step was carried out us-
ing the Pharmit platform, which allows large
compound libraries to be searched using
a pharmacophore model.

A pharmacophore represents the key mo-
lecular features required for interaction with
a protein. These features can include hydrogen
bond donors, hydrogen bond acceptors, and
hydrophobic regions. In the Pharmit interface,
these features were represented as spheres
showing where interactions should occur.

The compound database was screened
using the pharmacophore model, and mole-
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cules that matched the required spatial and
chemical features were selected. After filter-
ing the results, 15 compounds were iden-
tified as potential candidates. These com-
pounds were selected for further evaluation
in the molecular docking experiment.

2.3 Experiment 3 — Molecular
Docking

The selected compounds were further an-
alyzed using molecular docking to evaluate
their potential interactions with the GSK3
protein. Docking simulations were per-
formed using the SwissDock server.

The three-dimensional structure of the
GSK3 protein and the structures of the se-
lected compounds were uploaded into Swiss-
Dock. The program simulated how each
molecule could fit into the predicted binding
pocket of the protein.

SwissDock generated several possible
binding conformations for each compound.
For each docking result, two important val-
ues were calculated: FullFitness score and
estimated Gibbs free energy (AG). These val-
ues estimate the strength and stability of the
interaction between the protein and the li-
gand. Lower energy values indicate stronger
predicted binding interactions.

The docking results were grouped into
clusters, and the most favorable binding pos-
es were selected based on the lowest energy
values.

3. Results and Discussion

3.1. Experiment 1 — Identification
of binding sites in GSK3

The purpose of this experiment was to
identify potential binding pockets on the
GSK3 protein that could serve as targets for
small molecules. These pockets are import-
ant because drug molecules must bind to
specific regions of a protein in order to affect
its activity.

Using DoGSiteScorer, multiple pockets
were detected on the surface of the GSK3
protein. Each pocket was evaluated based on
its volume, surface area, and drug score. As
shown in Table 1, pocket Po had the highest
drug score (0.81) and the largest volume,
suggesting that it may be the most suitable
binding site for small molecules. To support
these findings, the protein was also analyzed
using PrankWeb, which predicts binding sites
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using machine learning. Two main binding
pockets were identified. The highest-ranked
pocket had a probability score of 0.947 and
involved 36 residues, indicating a strong
likelihood that this region is an important
binding site.

The results from both tools identified
similar regions of the protein as possible
binding pockets. This agreement between the
two methods increases confidence in the pre-
dicted binding sites and supports their use in
later experiments.

3.2 Experiment 2 — Virtual Screen-
ing

The goal of this experiment was to identi-
fy small molecules that could potentially bind
to the GSK3 binding pocket. Virtual screen-
ing allows a large number of compounds to
be evaluated computationally before labo-
ratory testing. Using the Pharmit platform,
a pharmacophore model was created to rep-
resent the key interaction features required
for binding to the protein. The program then
searched a large compound database for mol-
ecules that matched these features.

After screening the compounds, 15
molecules were selected because they best
matched the pharmacophore model. These
compounds are considered promising candi-
dates because their structures are compatible
with the predicted binding site. The selected
molecules were then used in the molecular
docking experiment to further evaluate their
interactions with GSK3.
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3.3 Experiment 3 — Molecular
Docking

The purpose of this experiment was to
evaluate how strongly the selected com-
pounds bind to the GSK3 protein. Molecular
docking simulations were performed using
SwissDock, which predicts how small mole-
cules interact with a target protein.

Each compound was docked into the
predicted binding site of the GSK3 protein.
The docking program generated several pos-
sible binding orientations and calculated
energy values for each interaction. Multiple
compounds showed strong predicted bind-
ing interactions. For example, compound
7785802866 had one of the lowest esti-
mated AG values at —9.73 kcal/mol, sug-
gesting a strong and stable interaction with
the protein. Other compounds, including
729354210 and Z5129929917, also showed
favorable binding energies.

Lower AG values indicate stronger pre-
dicted binding between the molecule and the
protein. These results suggest that several of
the screened compounds may have potential
as GSK3 inhibitors. However, because these
results are based on computational predic-
tions, further laboratory experiments would
be required to confirm their effectiveness.

Experiment No. 1 — How to identify
binding sites in proteins?:

Geometric methods

Using DoG Site Scorer

Table 1. Binding sites identified in GSK3 using the geometric meth-
od, DoGsitescorer. Drug Scores listed below represent the most prom-
ising binding sites based on the volume and the surface area

Name Key (colors) Volume A Surface A Drug Score
P_0O 656.9 758.87 0.81
P_1 D 33837 559.27 0.61
P_2 302.85 512.29 0.46
P_3 267.01 324.01 0.45
P_4 261.82 346.28 0.51
P_5 241.15 359.06 0.65
P_6 216.32 390.32 0.65
P_7 189.89 263.5 0.52
P_8 175.1 242.16 0.39
P_9 B 15226 312.59 0.34
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Name Key (colors) Volume A Surface A Drug Score
P_10 147.78 348.77 0.27
P_11 136.51 363.97 0.3
P_12 132.8 294.27 0.18
P_13 117.89 436.94 0.17
P_14 P 10726 313.09 0.21
P_15 102.72 106.27 0.42

Figure 2. Three-dimensional structure Explanation:

of the GSK3 protein with predicted bind-
ing pockets highlighted in different colors.
Each colored region represents a potential
binding site identified using DoGSiteScorer

In this experiment, the size of the binding
pockets is used to determine possible binding
sites in proteins, specifically GSK3, using the
geometric method. If a protein has openings
or additional areas on its surface that are the
proper size to hold tiny molecules, this tech-
nique can help identify them. This approach
enables us to determine regions where
a small molecule could fit by examining the
sizes of these pockets. In the early phases of
drug discovery, this method is essential since
it helps identify possible binding sites for
further research. Comprehending the dimen-
sions and form of these pockets can help with
the creation of targeted inhibitors or treat-
ments for GSK3.

Energetic-based method

Using PrankWeb:

Table 2. Predicted GSK3 binding sites identified using the energetic-based meth-
od PrankWeb. Binding pockets are ranked by score and probability, with Pock-
et 1 showing the highest likelihood of being a ligand binding site

Rank Key Score
2 2.17

Figure 3. Binding sites colored in red
and yellow in GSK3, as identified by the
machine learning method, Prankweb

Explanation:

In this experiment, the energy-based ap-
proach evaluates the binding energy to in-
vestigate the interactions between small
compounds and protein binding sites. This
method examines hydrogen bonding, hydro-
phobic forces, and electrostatic interactions to
determine how firmly a chemical binds after
finding possible sites.

Probability No. of residues Avg conservation
0.947
0.051

36 2.075
10 0.444

38 GSK3-TARGETED SMALL MOLECULES AS THERAPIES FOR ALZHEIMER’'S DISEASE


https://ppublishing.org/edition/the-european-journal-of-biomedical-and-life-scienc

The European Journal of Biomedical
and Life Sciences 2026, No 1

It also considers how protein mutations
may change the energy and attraction at the
binding site. This approach helps with drug
design and understanding protein regulation,
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particularly for targets like GSK3, by predict-
ing how well small molecules interact with the
protein by combining size, energy, and possi-
ble mutations.

Figure 4. Pharmacophore model used for virtual screening of potential GSK3 in-
hibitors on the Pharmit platform. The colored spheres represent key interaction fea-
tures, such as hydrogen-bond donors, hydrogen-bond acceptors, and hydrophobic
regions. The table on the right shows the compounds that matched the pharma-
cophore model along with their RMSD, mass, and number of rotatable bonds
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In this experiment, virtual screening was
performed using a pharmacophore model on
the Pharmit platform to identify small mole-
cules that best fit the GSK3 protein. A phar-
macophore is defined by three key elements:
the number of interactions, the distance be-
tween those interactions, and the types of
interactions, each represented as spheres.

Name RMSD “ Mass RBnds
229354210 0.272 352 8
25129920917 0.311 635 10
25129929917 0.312 635 10
75129929917 0.312 635 10
25129929917 0.319 635 10
75129929917 0.330 635 10
2785802866 0.340 271 6
71443864055  0.343 288 5
25129929917 0.351 635 10
7367619374 0.387 439 6
2927972308 0.403 379 6
7334849748 0.405 362 7
71067608598  0.406 345 9
219182681 0.421 492 9
71001918578  0.428 338 7
2194012400 0.430 443 8
78474133551 0.432 476 9
228042982 0.433 439 10
73686134721  0.445 368 5
71250519751 0.449 330 4
25129929917 0.451 635 10
256797295 0.458 599 11

Showing 1 to 22 of 209 hits
Previous 1 2 3 .. 10 Next

Minimize Save...

These features help predict how well a com-
pound might bind to the protein. This phase
aimed to filter down the chemical compounds
to 15 proteins. This process is crucial in early
drug discovery as it helps identify promising
molecules for further testing.

Below are the 15 compounds used
in this experiment:

Table 3. Structures of the 15 compounds selected from virtual screening. The ta-
ble shows the chemical structures of each compound along with their correspond-
ing compound IDs used for molecular docking analysis with the GSK3 protein

Compound Name

Image:

7293542101
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Compound Name

75129929917

75129929917

75129929917

75129929917

75129929917

7785802866
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Compound Name Image:

71443864055

75129929917

7367619374

7927972308

7334849748

71067608598
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Compound Name Image:

719182681

71001918578

Next Experiment: Using SwissDock
Molecular Docking:

Table 4. Molecular docking results for selected compounds interacting with
the GSK3 protein using SwissDock. The table shows the docking cluster, ele-
ment number, FullFitness score, and estimated Gibbs free energy (AG) for each
compound, along with images of the predicted binding poses within the pro-
tein. Lower AG values indicate stronger predicted binding interactions

Clus- Ele- FullFitness Estimated AG

Name ter ment (kcal/mol) (kcal/mol) Picture
7367619374mol2 10 13 -1243.79 -8.72
719182681mol2 5 0 -1425.42 -7.59
7334849748 mol2 0 8 —-1537.07 -8.83
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Clus- Ele- FullFitness Estimated AG

Name ter ment (kcal/mol) (kcal/mol) Picture
7785802866mol2 0 0  -131558 —9.73
729354210mol2 18 3 ~1367.05 _9.41
7927972308mol2 19 0 —1383.14 725
71001918578mol2 2 0  -1316.44 875
71443864055mol2 0 4 -1332.86 839
75129929917mol2 3 0  —1385.06 —9.23
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Clus- Ele-

FullFitness Estimated AG

Name ter ment (kcal/mol) (keal/mol) Picture
71067608598mol2 2 0 —1413.98 -7.55
Conclusion: interaction features. These compounds were

This study investigated the potential of
small molecules as inhibitors of the GSK3
protein, which is strongly associated with the
progression of Alzheimer’s disease. Compu-
tational methods were used to identify possi-
ble drug candidates. First, potential binding
pockets on the GSK3 protein were identified
using geometric and energetic prediction
tools. Next, virtual screening using a phar-
macophore model was performed to narrow
alarge compound library down to fifteen can-
didate molecules that matched the required

then evaluated using molecular docking
simulations with SwissDock to predict how
strongly they bind to the protein. Several
compounds showed favorable binding ener-
gies, suggesting stable interactions with the
GSK3 binding site. These findings suggest
that some of the screened compounds may
have potential as GSK3 inhibitors and could
serve as starting points for future Alzheimer’s
disease drug development, although addi-
tional experimental testing would be needed
to confirm their effectiveness.
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Abstract

The article considers virtual reality as a controlled psychological environment that can not
only eliminate symptoms but also cause deeper changes aimed at restoring the integrity of
the personality. It is shown that the development of virtual reality in psychology has led to its
transformation from a simple technical tool for modeling situations to a structured therapeutic
environment. It was proved that the limitations of the symptomatic approach are especially
noticeable when psychological suffering affects bodily self-perception, personality continuity,
and identity. The role of digital physicality, symbolic narrative, emotionally coordinated virtu-
al environments, as well as ethical and neuropsychological aspects of immersion is revealed.
An integrative model is proposed in which virtual reality is considered a tool for moving from
treating symptoms to restoring identity.
Keywords: virtual reality, regulated psychological environment, digital physicality, symbolic
narrative, identity reconstruction, psychological help, emotional regulation, immersion,
neuropsychological safety, VR therapy

Relevance of the study

Currently, in psychology, virtual reality is
increasingly perceived not only as a techni-
cal means to alleviate symptoms but also as
a special, controlled environment for psycho-
logical impact. Its use goes beyond simply re-
ducing anxiety, stress, or emotional tension,
affecting deeper processes related to the per-
ception of one’s own body, emotional regula-

tion, rethinking traumatic experiences, and
the formation of a new self-image.

This topic is especially relevant because
many crisis conditions, such as chronic
stress, emotional burnout, the consequences
of severe physical treatment, and disorders
in the perception of one’s body, are not limit-
ed to just individual symptoms. In such cas-
es, it is necessary not only to correct distress
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but also to restore a sense of inner integrity,
subjectivity, and personal continuity. Virtual
reality is of scientific and practical interest
as a space where a combination of sensory
experience, digital presence, symbolic mod-
eling, and controlled psychological impact is
possible.

The relevance of the study is also related
to the fact that there are still no holistic theo-
retical models that could explain how virtual
reality helps to move from symptomatic care
to identity restoration. Despite the increase
in the number of studies on VR therapy, only
isolated approaches to this topic exist in the
scientific literature. However, modern psy-
chological practice requires a holistic under-
standing of the immersive environment as
a tool for deep transformation of the psyche.

Thus, the study of virtual reality as a reg-
ulated psychological environment is an ur-
gent area. It meets the demands of modern
science and practice, which seek to find new
approaches to psychological care aimed not
only at relieving symptoms but also at restor-
ing the integrity of the individual.

The purpose of the study
The purpose of this study is to theoreti-
cally substantiate the use of virtual reality as
a controlled psychological environment and
to create an integrated model that facilitates
the transition from symptom-oriented psy-
chological care to identity reconstruction.

Materials and research methods

The study examined scientific papers
that investigated the use of virtual reality
in psychology, psychotherapy, and reha-
bilitation, as well as in research on body
perception and immersive environments.
Special attention was paid to works devot-
ed to the clinical effectiveness of VR thera-
py (Freeman et al., 2018; Maples-Keller et
al., 2017), the mechanisms of psychothera-
peutic changes (Kazdin, 2007; Wampold &
Imel, 2015), and the features of emotional
regulation in virtual space (Browning et al.,
2020; Chirico & Gaggioli, 2019).

A separate group of sources consisted of
works on physicality and the feeling of reality
in a digital environment (Farman, 2012), as
well as author’s publications on virtual reality,
VR narratives, immersive environments, and
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neuropsychological safety (Neumann-Zander,
2025).

The methodological basis of the research
was the analysis and generalization of scien-
tific literature, as well as a comparative the-
oretical approach and conceptual modeling.

The results of the study

Virtual reality (VR) has great potential
in the treatment and rehabilitation of peo-
ple with various neuropsychiatric diseases.
Its use opens up new horizons for restoring
cognitive and motor functions, reducing anx-
iety, and improving the emotional state of pa-
tients (Neumann-Zander N., 2025).

The development of virtual reality in
psychology has gone from technical systems
that create a presence effect to an effective
means of clinical and psychological impact.
Initially, VR was developed as a technolo-
gy for modeling an artificial environment.
However, it is precisely the ability to repro-
duce situations that are significant to a per-
son in a controlled manner that has made
it particularly in demand in psychology. Un-
like ordinary observation or imaginary re-
production, the virtual environment allows
you to combine emotional involvement with
precise control of the parameters of the cre-
ated situation. This is especially important
for therapeutic practice.

One of the first applications of virtual re-
ality in clinical practice was the treatment of
phobias and anxiety disorders using expo-
sure therapy. The virtual environment made
it possible to safely and gradually introduce
frightening stimuli while maintaining con-
trol over the intensity of exposure.

In the future, the scope of virtual reality
has expanded significantly. It has been used
not only in the treatment of anxiety disor-
ders but also to combat post-traumatic con-
ditions, pain, and stress, as well as in psy-
chological rehabilitation programs. This has
changed the very understanding of virtual
reality. From a simple tool for creating stim-
uli, it gradually turned into a controlled ther-
apeutic environment. In this environment,
not only individual images are important,
but also the level of immersion, the repeat-
ability of the scenario, the manageability of
the situation, and the ability to adapt the in-
tervention to the patient’s condition.
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Currently, VR is considered an integral
part of structured psychological intervention.
This is confirmed by large clinical studies in
which automated VR therapy in patients with
psychosis has demonstrated a significant re-
duction in agoraphobic avoidance and dis-
tress levels compared to traditional therapy.
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Thus, virtual reality in psychology has evolved
from a simple technical means for imitating
perception to an organized therapeutic envi-
ronment that can be effectively used within
the framework of modern psychological as-
sistance programs. Table 1 shows the results
of some studies confirming this trend.

Table 1. The main stages of the evolution of virtual reality in psychology

Stage

Characteristic

Significance for psychology

Early technological stage Creating presence-based sys-

tems

The stage of clinical ex-
periments apy of phobias

The modern stage

The use of VR in exposure ther-

Using VR in Anxiety, PTSD,
Pain, and Rehabilitation

The idea of creating an artificial
environment for experiencing
Confirmation of the therapeutic
potential of VR

Transition to the therapeutic
environment model

A source: compiled by the author based on (Freeman D., Haselton P., Freeman J.,
Spanlang B., Kishore S., Albery E., Denne M., Brown P., Slater M., Nickless A., 2018; Maples-
KellerJ. L., Bunnell B.E., KimS.J., Rothbaum B. O., 2017)

For a visual representation of the main
directions of virtual reality application in
psychological practice and confirmed ther-

apeutic effects, it is advisable to refer to the
data presented in Table 2.

Table 2. Psychological goals and VR solutions

The purpose
of therapy

The VR Approach

Confirmed effect

Dealing with phobias VR exposure

Emotional regulation
ules

Social adaptation
role-playing games

Self-regulation training
biofeedback VR

Motivation activation

Meditation scenes, CBT mod-
Interaction simulations,
Visualization of breathing,

VR Game Scenarios

Reducing anxiety
Increasing resilience

Confidence boost
Reducing stress levels

Increased engagement

A source: (Neumann-Zander N., 2025, p. 310)

Classical psychotherapy has proven ef-
fective in treating a variety of mental and
behavioral disorders. However, the scien-
tific literature constantly mentions some of
its limitations, especially noticeable in cas-
es of long-term, complex, and multicompo-
nent diseases. Meta-analytical studies show
that most clinical protocols aim at reducing
symptoms, while long-term outcomes and
patients’ quality of life are evaluated much
less frequently (Kazdin A. E., 2007).

One of these limitations is that many
studies and practical recommendations focus
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on reducing symptom severity. At the same
time, long-term functional results, subjective
quality of life, social recovery, and sustain-
ability of change are often overlooked.

In modern discussions about psychiatric
and psychotherapeutic research, it is explicit-
ly stated that excessive dependence on symp-
tomatic scales can distort the assessment of
therapeutic effects and make it difficult to
analyze results important to patients in their
daily lives (Wampold B. E., Imel Z. E., 2015).

The limitations of the symptom-centered
approach are particularly evident in cases
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where psychological suffering is associated
not only with anxiety, depression, or stress,
but also with a violation of self-image, loss of
a sense of bodily integrity, a change in life sce-
nario, and the need to rethink one’s own expe-
rience. In such situations, a decrease in the se-
verity of individual symptoms does not always
lead to the restoration of a sense of subjective
continuity and internal integrity of the indi-
vidual. It is important to note that for some
patients, it is important not only to reduce
symptoms but also to be able to re-understand
and include a traumatic or crisis event in their
personal history, as well as restore a sense of
authorship of their biography.

Another limitation is related to the avail-
ability and implementation of evidence-
based psychological treatment methods.
Despite the high prevalence of mental disor-
ders, many people do not receive the neces-
sary help. Access to such forms of treatment
can be difficult due to barriers that arise at
different levels: patient, specialist, organiza-
tion, and the healthcare system as a whole.
This means that even effective therapy in
the traditional format cannot always provide
enough services and does not always meet
the needs of patients with prolonged and
complex forms of maladaptation.

Modern psychological and interdisciplin-
ary literature also notes that states of chronic
stress, burnout, post-traumatic maladjust-
ment, and the consequences of severe phys-
ical treatment often affect not only the emo-
tional sphere but also our perception of our
own body, our sense of the boundaries of the
Self, and how we feel about ourselves in the
world. One publication on digital physicality
indicates that interaction with virtual envi-
ronments is associated with the mechanisms
of perception, representation, and transfor-
mation of bodily experience. This means that
working only at the level of symptoms may not
be sufficient if deeper levels of self-perception
are affected (Neumann-Zander N., 2025).

Digital physicality is a modern interdisci-
plinary concept that describes the perception
and sensation of bodily presence in a virtu-
al environment. It arises at the intersection
of sensory experience, technology, and con-
sciousness when a user interacts with digital
reality through avatars, interfaces, sensors,
and immersive platforms (VR, AR, and MR).
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This concept is interpreted from the point of
view of phenomenology, cognitive science,
neuropsychology, media theory, and neu-
roesthetics (FarmanJ., 2012).

Digital physicality is the most important
condition for the psychological impact of the
virtual environment. It describes the state
when a person begins to perceive their virtual
body as something related to their own bodi-
ly experience. This condition includes three
main components: a sense of bodily belong-
ing, a sense of control over the actions of the
virtual body, and awareness of one’s location
in the virtual space. It is thanks to the com-
bination of these components that the virtual
environment acquires not only visual visibility
but also subjective psychological significance.

Experiments demonstrate that a sense
of bodily belonging can occur when visu-
al, tactile, and motor signals work togeth-
er. Synchronous stimulation and matching
movements of the real and virtual body can
create the illusion that you are part of a vir-
tual space. This means that the digital body
can temporarily integrate into the structure
of a person’s bodily perception, and the virtu-
al environment begins to feel like a real space
for personal presence and actions.

For psychology, digital physicality is of
great importance because it transforms vir-
tual reality not just into an image but also
into a real experience that can be felt. Virtu-
al reality technologies can help in restoring
contact with oneself during chronic stress
and burnout. This is achieved through work-
ing with bodily self-perception, awareness of
one’s presence, and attention to inner states.
Thus, digital physicality becomes a key mech-
anism for creating a regulated psychological
environment. It allows us to move from ex-
ternal influences to the inner experience of
virtual experience as an integral part of our
state (Neumann-Zander N., 2025).

In modern psychology, narrative is con-
sidered the most important tool for under-
standing and organizing personal experience.
It helps a person comprehend past events,
understand their present, and see prospects
for the future. With the help of an inner sto-
ry, a person combines disparate experiences
into a single self-image. Narrative is espe-
cially important in crisis situations, when
serious illnesses, traumatic experiences, or
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prolonged psychological stress disrupt the
coherence of self-description and make the
image of one’s self fragmented.

In this context, symbolic narrative plays
a twofold role: it serves not only as a way
to tell about experience but also as a mech-
anism for internal reconstruction. Its value
lies in the fact that it allows not only to re-
produce past experience but also to rebuild
its semantic structure. Due to this, the ex-
perienced event ceases to be perceived as an
isolated traumatic episode and is included
in a broader system of personal history. This
kind of processing makes it possible to move
from a state of internal rupture to the forma-
tion of a new, more holistic sense of self.

In the context of virtual reality, this
means that we are moving from simply
showing images to creating an environment
in which a person becomes an active partic-
ipant in their own story experience. Virtual
reality allows you not only to observe certain
scenes but also to live them in a symbolically
organized space, where each element of the
experience acquires personal meaning. This
shifts the focus of attention from the experi-
ence itself to its internal interpretation, and
the emotional reaction is complemented by
the process of rethinking the meaning (Nar-
giza Noimann-Zander. 2025).

This mechanism is especially important
during periods when a crisis affects not only
the emotional state, but also the identity of
a person. After serious physical treatment, pro-
longed stress, or other significant events, peo-
ple often need not only to reduce anxiety and
cope with their experiences, but also to restore
a sense of inner unity. In such situations, the
symbolic narrative becomes a powerful tool
that helps a person rethink their past, pres-
ent, and future, integrate new experiences into
their self-image, and gain a more stable inner
position (Neumann-Zander N., 2025, p. 47).

Emotionally coordinated virtual envi-
ronments are digital spaces in which visual,
audio, and interactive elements adapt to the
user’s current condition and psychological as-
sistance tasks. In such environments, virtual
reality becomes not just a background, but
also a specially organized context that helps
reduce stress, restore emotions, and create
a sense of internal control. The transition
from static environments to adaptive systems
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significantly increases the effectiveness of
VR therapy, allowing us to take into account
the psychophysiological state of a person
(Neumann-Zander N., 2025, p. 129).

Open scientific research confirms that vir-
tual reality can be an effective tool for emo-
tional regulation. In particular, systematic
reviews and meta-analyses demonstrate that
the use of VR interventions in combination
with relaxation, mindfulness, and pain con-
trol techniques improves emotional well-be-
ing and reduces stress levels (Chirico A., Gag-
gioliA., 2019).

Combined with relaxation, mindfulness,
and pain control practices, VR interventions
can help improve emotional and psycholog-
ical well-being. The works on VR relaxation,
which were included in meta-analytical and
review studies, mainly used natural virtu-
al environments such as forest and water
landscapes. The results of these studies have
shown that such interventions can be easily
implemented and are effective in the short
term to increase relaxation and reduce stress
(Browning M. H.E.M., MimnaughK.J., van
Riper C.J., Laurent H. K., LaValle S. M., 2020).

The ethics and neuropsychological safety
of immersive immersion are important as-
pects that should be considered when using
virtual reality in psychological and clinical
practice. An immersive environment affects
not only attention and emotions but also
body perception, spatial orientation, a sense
of control, and the subjective boundary be-
tween the real and virtual worlds.

Within the author’s concept, the tran-
sition from treating symptoms to restoring
identity is carried out through the sequen-
tial passage of several levels of exposure. The
first level involves creating a safe immersive
environment where meaningful events can
be experienced under control. The second
level is digital physicality, where the virtual
body and space become part of a subjectively
meaningful experience. The third level forms
a symbolic narrative that allows not only to
experience an event but also to rethink it in
the context of personal history. The fourth
level is characterized by an emotionally co-
ordinated organization of the environment,
in which the parameters of the virtual space
adjust to the user’s condition, supporting
mental regulation. The combination of these
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levels creates conditions for the transition
from symptomatic improvement to internal
reconstruction of self-image.

Within this concept, identity reconstruc-
tion is considered not as a simple change in
self-esteem but as a process of restoring a ho-
listic sense of self. During this process, a per-
son reunites bodily experience, emotional
reactions, biographical meaning, and ideas
about their future. In open works devoted to
narrative reconstruction in virtual reality, it
is noted that immersion in the virtual world
can restore a person’s sense of control over
their story and contribute to a more harmo-
nious perception of themselves. Therefore,
within this model, VR acts not just as a tool
for correcting symptoms but also as a regu-
lated psychological environment that pro-
motes deeper changes in subjectivity.

Conclusions
In modern psychology, virtual reality
should be considered not only as a techno-
logical tool for eliminating symptoms, but
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also as a special regulated environment for
psychological impact. Its therapeutic poten-
tial is due to the ability to combine safe im-
mersion, bodily involvement, symbolic pro-
cessing of the experience and the emotionally
harmonious organization of the digital space.

Research has shown that a symptom-
based approach, although it has practical
value, may be ineffective if the crisis affects
a person’s self-perception, integrity, and
identity. In such cases, the mechanisms of
digital physicality and symbolic narrative
play a special role, which help to move from
external influence to internal reconstruction
of one’s image.

The proposed integrative model demon-
strates that the long-term effect of VR therapy
is associated with not only reducing anxiety,
distress or stress, but also with restoring the
integrity of self-perception, a sense of self-de-
termination and internal control. This opens
up new horizons for the development of psy-
chological assistance aimed at deeper trans-
formation and restoration of personality.
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Abstract

The article is devoted to rethinking the aesthetic standards of manicure and pedicure in
terms of maintaining the health of the nail plate. The article shows that the use of resistant coat-
ings and related technologies for preparing and removing the material can lead to mechanical
damage to the nail, such as thinning, brittleness, delamination and cracks. The article discusses
the anatomical and physiological features of the nail apparatus, in particular, the importance
of the matrix as a growth zone and the layered structure of the nail plate. The key physiological
aspects of nail health are considered: their thickness, growth rate and the effect of hydration.
Special attention is paid to the risk factors that arise when removing coatings and when using
UV and LED lamps for polymerization. The sanitary requirements that must be observed during
the pedicure process, including the treatment of equipment, are also considered. Based on the
analysis of open clinical and professional sources, a practice-oriented concept is proposed. As
part of this approach, the criteria for a “beautiful result” are complemented by an assessment
of the condition of the nails and periarticular tissues after removing the coating and during
repeated procedures.
Keywords: nail plate, nail machine, matrix, and manicure, pedicure, resistant coatings,
coating removal, mechanical damage, nail hydration, UV/LED polymerization, sanitary
treatment, and gentle protocols

Relevance of the study
The study is particularly relevant because
in the modern manicure and pedicure indus-
try, resistant coatings and technologies that
require careful preparation of the nail plate
have become widespread. These procedures

include filing and polishing the nails, as well
as regular removal of the material. Profes-
sional dermatological sources indicate that it
is the mechanical impact that occurs during
cutting and removing the coating that can sig-
nificantly injure the nails. Regular repetition
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of such procedures often leads to brittleness,
delamination and cracks of the nail plate.
The problem becomes particularly rele-
vant due to the need for polymerization of gel
materials under ultraviolet or LED lamps. Ex-
perimental studies on cellular models show
that the radiation used in UV nail dryers can
cause DNA damage and mutational chang-
es. This requires careful risk assessment and
compliance with precautionary measures in
practice. In these conditions, it becomes rele-
vant to rethink aesthetic standards (criteria for
a “beautiful” result) from the point of view of
preserving the nail plate. This makes it possible
to develop more gentle protocols, improve the
quality and safety of services, and reduce the
likelihood of negative consequences with pro-
longed and repeated use of resistant coatings.

The purpose of the study

The purpose of this study is to prove the
need to review aesthetic standards in the field
of manicure and pedicure. At the same time,
the emphasis is on maintaining the health of
the nail plate. In the course of the work, practi-
cal recommendations will be developed to help
reduce the risk of nail damage during prepara-
tion, wearing and removal of resistant coatings.

Materials and research methods

The study was based on open clinical and
professional sources devoted to the anatomy
and physiology of the nail apparatus, as well
as the characteristics of the nail plate, such
as thickness, growth rate and hydration lev-
el. In addition, recommendations on the safe
removal of stubborn coatings, precautions
when using UV and LED polymerization, and
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sanitary standards in the field of pedicure
were considered.

The methods of analytical review and
comparative analysis are used in the work.
We compared information about the struc-
ture and physiological features of nails with
typical technological stages of manicure and
pedicure. We also systematized risk factors
and developed practical recommendations
based on minimizing mechanical and chemi-
cal effects and compliance with sanitary stan-
dards.

The results of the study

The nail plate is a part of the nail appa-
ratus, which includes not only the plate it-
self, but also the surrounding soft tissues:
proximal and lateral nail rollers, the cuticle,
matrix (growth zone), nail bed, hyponychia.
The matrix is located under the proximal nail
roller and is the main site of formation of the
nail plate. The cells (onychocytes) formed
from the keratinocytes of the matrix shift in
the distal direction, creating a dense kera-
tinized plate. In this case, a significant part
of the material for the plate comes from the
proximal part of the matrix (Anatomy, Shoul-
der and Upper Limb, Nails).

When assessing the condition of the nail
plate, it is important to understand that
damage to the matrix can lead to differ-
ent consequences than changes that affect
only the plate itself. The matrix is respon-
sible for the quality of new growth, while
the plate is the final product of keratiniza-
tion and is not capable of regeneration like
living tissue, but only grows during the re-
newal process.

Figure 1. Anatomical structure of the nail apparatus (transverse sec-
tion of the nail plate and adjacent structures) (Terminal Layer)

Ventral layer

Intermediate layer

Dorsal layer

Natl ligaments

Nail plate

Cuticle

Nail matrix

Roct of the nail plate

Nail bed

54 REVISION OF AESTHETIC STANDARDS OF MANICURE AND PEDICURE


https://ppublishing.org/edition/the-european-journal-of-biomedical-and-life-scienc

The European Journal of Biomedical
and Life Sciences 2026, No 1

From the point of view of morphology,
the nail plate is described as a lamellar struc-
ture consisting of three tightly connected lay-
ers: dorsal, intermediate and ventral (see the
figure 1).

It is known that the dorsal and inter-
mediate layers are mainly formed from the
matrix, while the ventral layer is formed by
the so-called “sterile matrix” or nail bed.
The formulations may differ from source to
source, but the principle of the three-layered
nail plate remains unchanged. This fact is
of great practical importance for careful

Section 5. Practical medicine

nail care. The “strength” of the nail plate is
ensured not only by its thickness, but also
by the integrity of the layers, as well as the
connections between them. In addition, the
contact state of the plate with the nail bed is
important, which describes relief structures
that increase the area of adhesion.

The physiological features of nails, which
often serve as the basis for assessing their safe-
ty, include plate thickness and growth rate. Ta-
ble 1 shows the average thickness of the nail
plates, which differ for the nails of the hands
and feet, as well as depending on gender.

Table 1. The average thickness of the nail plate in men and women

Indicator (average values)

Fingernails (mm)

Toenails (mm)

Nail thickness in women

Men’s nail thickness

0.5 1.38
0.6 1.65

A source: (Common nail changes and disorders in older people:)

The growth rate of the nail plate is a quan-
tity that can be measured. It directly affects
how quickly nails “compensate” for damage
by growing back. This leads to an important
conclusion for manicure and pedicure mas-
ters: any aesthetic procedures that affect the
appearance of the plate will “come off” the
hands and feet at different speeds. Therefore,
when assessing the condition of nails, for ex-
ample, changes in shape, surface or color as
they grow, it is necessary to take into account
this difference in the rate of renewal.

Hydration is a key factor affecting the
mechanical properties of the nail plate. Sci-
entific reviews emphasize that the water in
the nail is contained in two forms: bound and
free. Its interaction with protein structures,
including disulfide bonds, plays a significant
role in hydration processes, differing from
the skin. According to clinical data, the nor-
mal water content in the nail is about 18%.
A decrease in this level can lead to increased
brittleness, while its excess contributes to
excessive flexibility. Therefore, when assess-
ing the condition of nails, it is necessary to
pay attention not only to their appearance,
but also to the signs that reflect the balance
of hydration and the integrity of the layered
structure (Understanding the Formidable
Nail Barrier:).

Aesthetic standards in the field of man-
icure and pedicure have evolved in parallel
with the development of services and ma-
terials. From the desire for “neat and well-
groomed nails”, we came to the desire to get
a lasting and flawless decorative effect. At the
end of the 19th century, manicure was firmly
established as a salon service. In the 1930s,
the spread of colored lacquers became an im-
portant milestone in the development of very
decorative nail design. And in the second half
of the 20th century, standards increasingly
began to focus on “constructed” aesthetics:
elongation, reinforcement, preset shapes and
a perfectly flat surface.

The widespread use of gel systems and
other resistant coatings has contributed to
the fact that wear duration and gloss durabil-
ity have become perceived as important qual-
ity criteria. At the same time, the nail care
market continues to grow, which leads to
frequent trend changes. Social networks, in
turn, contribute to the rapid spread of visual
images and the consolidation of new norms
through popular references and repetitive
designs. As a result, modern standards repre-
sent several competing models, from an em-
phasis on naturalness to complex decorative
solutions. These standards largely depend on
technology, marketing, and visual culture.

55 REVISION OF AESTHETIC STANDARDS OF MANICURE AND PEDICURE


https://ppublishing.org/edition/the-european-journal-of-biomedical-and-life-scienc

The European Journal of Biomedical
and Life Sciences 2026, No 1

The aesthetics of manicure and pedicure,
based on the principle of preservation, sug-
gests that the result of the procedure is as-
sessed not only by its appearance immediately
after its completion, but also by how the integ-
rity of the nail plate and surrounding tissues
is preserved after removing the coating and
during repeated sessions. In the professional
recommendations of dermatologists, it is not-
ed that in everyday practice, the main risks to
the nail are associated not so much with coat-
ing as with its aggressive removal (scraping,
“peeling”) and excessive mechanical process-
ing. Therefore, safe protocols are aimed at
minimizing traumatic effects and careful re-
moval of material.

From an aesthetic point of view, a “beau-
tiful” manicure and pedicure is, first, a prop-
erly organized process. It involves mini-

Section 5. Practical medicine

mizing skin contact with acetone, avoiding
forced removal of the coating and manda-
tory restoration of the barrier properties of
the skin around the nail after the procedure.
The American Academy of Dermatology
(AAD), in its open recommendations for gel
manicure, separately highlights the practice
of removing the coating using cotton swabs
soaked in acetone and fixing with foil. This
minimizes the contact of acetone with the
skin of the hands, leaving it mainly on the
nails (Table 2). This approach is closely re-
lated to the principle of preservation: the less
chemical and mechanical impact, the more
likely it is to preserve the surface of the nail
plate and the periarticular skin in a condition
suitable for subsequent procedures without
accumulation of damage.

Table 2. Examples of approaches that put “aesthetics” into preservation mode

Procedure
component

Safety-oriented
practice

Based on what

Removing the gel coat-

Mechanical impact

Skin restoration (moisturizing
and care) to reduce dryness and

After the procedure
irritation

Local acetone contact: cotton
ing swab + foil fixation on fingertips

Rejection of rough coating re-
moval; removal after softening

AAD recommendations for
more gentle removal

AAD Recommendations for
preventing nail injury during
removal

AAD recommendations for
post-gel care

A source: (Gel manicures: Tips for healthy nails)

A separate area in the field of “gentle aes-
thetics” is related to the use of ultraviolet (UV)
and LED lamps for polymerization of materi-
als. There are different views in the profession-
al community about the risks associated with
these lamps. On the one hand, it is believed
that exposure to UV lamps for nails usually
does not pose a great risk to the client, although
accurate measurements and consideration of
real conditions are necessary to accurately un-
derstand this issue. On the other hand, more
recent studies and discussions of risks empha-
size that radiation doses, characteristics vary
between lamps, and that taking reasonable
photoprotection measures can further reduce
potential negative effects. Rethinking aesthetic
standards is important for two reasons. First,
the “quality of service” includes informing the

client about simple protective measures, such
as the use of fingerless barrier gloves or photo-
protection of the skin of the hands. Secondly,
the reduction of unjustified exposure becomes
the norm, that is, the rejection of “drying just in
case”, if this is not required by technology and
the manufacturer’s instructions.

The principle of safety in pedicure also
implies the need to take into account possible
infectious risks. This is because foot aesthet-
ics often includes water treatments and the
use of special equipment. Proper cleaning and
disinfection significantly reduce the chance of
infection. Here are the basic processing fre-
quency requirements: disinfection in front of
each customer, regular processing at the end of
the working day, it is important to observe the
“contact time” of the disinfectant indicated on
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the label. It usually takes about 10 minutes, but
it can vary depending on the specific remedy
(Preventing Pedicure Foot Spa Infections).

Section 5. Practical medicine

The minimum organizational require-
ments that directly support “gentle aesthet-
ics” in pedicure are presented in Table 3.

Table 3. The main organizational aspects that directly af-
fect the quality and aesthetics of a pedicure

The security element

What should be done

The frequency of disinfection of Between each meeting with clients and at the end of the

baths

Contact time of the vehicle

working day

Keep the time indicated on the label (usually about 10

minutes, but it depends on the product)

Cases of infections related to hot tubs for feet used in ped-

Risk justification

icure have been described. This highlights the importance

of following the processing rules

A source: author’s development

To preserve the health of the nail plate,
it is necessary to avoid its mechanical and
chemical damage, as well as to observe hy-
gienic standards. Open dermatological
sources emphasize that when using resis-
tant coatings, the greatest damage to nails is
caused not so much by their application as by
aggressive removal. It is not necessary to peel
off or peel off the gel coating, as this leads to
the removal of the surface layers of the nail
plate and its thinning. A more reasonable
solution would be to pre-soften the material
with acetone and apply it locally to the nail
plate. For example, you can use cotton swabs
and fix them, which will reduce the risk of

damage to the skin around the nail and the
plate itself.

After removing the coating, it is recom-
mended to carry out restorative nail care to
prevent their dryness and brittleness. Accord-
ing to research, regular moisturizing of the skin
of the hands and cuticles helps to maintain
protective properties and reduce the risk of nail
plate delamination. It is also worth considering
that prolonged contact with water can weaken
the nails, so it is recommended to use protec-
tive gloves when doing household chores.

Table 3 provides practical recommenda-
tions for nail care, as well as their preventive
value.

Table 3. Practical measures to preserve the nail plate and their preventive value

Stage Risk

Correct practice

How to understand
that everything is
done correctly

Effect

Nail prepa- Thinning due Minimize sanding,
do not «remove the sitivity, no furrows

Microtrauma, Without aggressive No bleeding, no severe

Apply strictly to the The material does not
plate, do not get on get into the rollers and

No burning /hypersen- Less brittleness
and layering

Preservation of

redness the skin barrier

Less irritation
and injury when

cuticle removing

Removal is only Preservation of
planned, without rough the upper layers

ration to overuse
layer» unnecessarily

Treatment
of the skin inflammation cutting, without
around the tearing the skin
nail
Applying  Skin irrita-
the material tion, detach-

ment the skin
The sock of Coating fail- Do not pry or tear
the cover  ure and injury when the nail is

to the nail detached

tearing of the nail of the nail
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How to understand

Stage Risk Correct practice that everything is Effect
done correctly

Removing Thinning Remove after soft- There are no «pits», Less damage to
the coating during peel- ening or correctly torn areas, white trau- the plate

ing / scraping layer by layer matic spots
Solvent Dryness and  Apply locally to The skin is not over- Comfortable
contact irritation of  the nail, limit skin dried, without cracks  recovery

the skin contact
Household Nail stratifi- Gloves when clean- Less chipping and Reduction of me-
loads cation from  ing, do not use layering chanical/chemi-

water/chemi- nails as a tool cal stress

cals, chips
Pedicure Infection Cleaning and dis- There is an observance Prevention of
and sanita- risks infection of equip- of exposure time, clean complications
tion ment according to surfaces

the regulations

When to Accumulation Reduce theload, = The symptoms decrease Prevention of
change the of damage increase the in- in several cycles chronic injury
protocol tervals, review the

technique

A source: author’s development

In the field of pedicure, one of the key
principles is strict adherence to sanitary
standards. In open sources provided the san-
itary control authorities emphasize it empha-
sized that pedicure baths must be thoroughly
cleaned and disinfected after each client. In
addition, it is necessary to use disinfectants
in accordance with the manufacturer’s in-
structions, observing the recommended ex-
posure time. These precautions are aimed at
preventing infectious complications that may
occur as a result of microtrauma of the skin
of the feet and periarticular tissues.

Conclusions

The safety of the nail plate should be no
less important criterion for the quality of
manicure and pedicure than the aesthetic
result. The nail plate, like any other part of
our body, is not capable of regeneration. It
is updated only during the growth process.
Damage that occurs with improper care can
accumulate and manifest as brittleness, de-
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lamination, and cracks. To avoid this, it is
necessary to take into account the anatomy
of the nail apparatus, especially the role of
the matrix, as well as physiological parame-
ters such as thickness, growth rate and hy-
dration. It is also important to consider tech-
nological risk factors. Compliance with these
principles makes it possible to create a “gen-
tle aesthetic” in manicure and pedicure, in
which the priority is gentle preparation and
removal of coating, limiting excessive expo-
sure to solvents and the rational organization
of the polymerization process. In pedicure,
the principle of safety is complemented by
strict compliance with sanitary requirements
for the treatment of equipment, which sig-
nificantly reduces the risk of infectious com-
plications.

Thus, rethinking aesthetic standards in
terms of maintaining the integrity and safety
of procedures significantly reduces the risk of
negative consequences with frequent use of
resistant coatings.
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Abstract

The article discusses the theoretical and practical aspects of the use of cold atmospheric
plasma in aesthetic medicine. It presents the physical principles of creating cold atmo-
spheric plasma, as well as reveals the features of its formation and key parameters that
determine the properties of a plasma discharge. Plasma devices are classified according to
several criteria: the type of discharge, the method of exposure, the design features and the
environment in which they operate. Particular attention is paid to the parameters of plasma
generation as an object for comparative evaluation. These parameters include spatial, gas
dynamic, and energy characteristics. A comparative analysis of plasma devices has been
performed in terms of their technical and operational properties, which are important for
cosmetology practice. The practical significance of equipment parameters affecting the
controllability of procedures, the accuracy of exposure and reproducibility of results is
considered. The article discusses in detail the security issues related to the use of plasma
technologies. Key problems have been identified and prospects for further development of
this area have been outlined. It is concluded that in order to ensure the safety and increase
the efficiency of plasma devices, it is necessary to standardize their parameters and improve
control systems.
Keywords: cold atmospheric plasma, aesthetic medicine, cosmetology, plasma devices,
plasma generation parameters, plasma jet, dielectric barrier discharge, hardware
cosmetology, comparative analysis, safety of plasma technologies

Relevance of the study that provide a controlled and gentle effect
In the field of aesthetic medicine, there  on the skin. One of the promising directions

is a growing interest in hardware techniques  is the use of cold atmospheric plasma. This
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technology allows procedures to be carried
out with minimal thermal damage and high
processing accuracy.

Cold atmospheric plasma is a partially
ionized gas that forms at atmospheric pres-
sure and has a low temperature. This makes it
an ideal tool for non-invasive and minimally
invasive cosmetic procedures. The effective-
ness and safety of such procedures largely
depend on the parameters of plasma genera-
tion and the design of the devices used.

Many plasma devices on the market dif-
fer in principle of operation and technical
characteristics. However, there is no single
approach to comparing them, which makes
it difficult for cosmetologists to choose the
equipment and optimal operating modes.

Therefore, a comparative assessment of
the parameters of cold atmospheric plasma
generation and the characteristics of plasma
devices is becoming an urgent task aimed at
improving the effectiveness and safety of cos-
metic procedures.

The purpose of the study
The purpose of this study is to compare
the parameters of cold atmospheric plasma
generation and the characteristics of plasma
devices used in aesthetic medicine in terms
of their usefulness in cosmetology.

Materials and research methods

The research examined scientific papers
on plasma physics at atmospheric pressure,
as well as the principles of operation of plas-
ma devices and their use in aesthetic medi-
cine. In addition, the technical characteris-
tics of modern plasma devices were reviewed.

The following methods were used in the
work: analysis and generalization of scientif-
ic literature on the research topic, compara-
tive analysis of technical parameters of vari-
ous plasma devices.

The results of the study

Cold atmospheric plasma is a partially
ionized gas that is formed at atmospheric
pressure because of an electric discharge. Un-
like high-temperature plasma, it is character-
ized by a nonequilibrium state in which the
energy of electrons significantly exceeds the
energy of heavy particles. At the same time,
the gas temperature remains low, usually be-
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low 40-50 °C, which makes it safe for use in
aesthetic practice (Gerasimenko M. Yu., Zait-
seva'T. N., Evstigneeval.S., 2019, p. 79).

The key feature of cold atmospheric plas-
ma is the combination of active physical and
chemical components. These include charged
particles (electrons and ions), ultraviolet radi-
ation, electric fields, and reactive oxygen and
nitrogen species (RONS), which are formed
because of the interaction of high-energy elec-
trons with gas molecules. This combination of
factors determines the functional properties
of plasma and makes it especially attractive for
hardware cosmetology (Batdyeva A. 1., 2022).

Plasma is formed in various ways in cos-
metic devices. Plasma jets and dielectric bar-
rier discharges (DBD) are the most popular.
In the first case, plasma is created in a gas
stream and supplied as a directed jet. In the
second case, plasma is formed at the point of
contact of the electrode with the treated sur-
face. These two types of discharges are used
in most modern plasma devices used in aes-
thetic medicine.

From a physical point of view, the plasma
parameters depend on the characteristics of
the electric discharge and the gaseous medi-
um in which it occurs. The main parameters
include voltage, frequency, power, electron
density, and plasma temperature. For exam-
ple, cold atmospheric plasma is character-
ized by an electron temperature at the level
of fractions of an electron volt and a particle
concentration reaching 1014 — 1017 m-3.
This indicates a high reactivity at a relatively
low thermal load.

In scientific and applied practice, electri-
cal and optical diagnostic methods are used
to correctly describe and compare plasma
processes. The electrical characteristic in-
cludes an analysis of voltage, current, and
pulse shape, while the chemical character-
istic includes an assessment of the compo-
sition of active particles using spectroscopy.
These approaches are necessary to ensure re-
producibility of the results and the ability to
compare different devices.

To visually explain the principle of for-
mation of cold atmospheric plasma in cos-
metology devices, we propose to consider the
scheme of plasma discharge occurrence and
its penetration into the working area shown
in the figure.
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Figure 1. Schematic diagram of cold atmospheric plasma gener-
ation in a cosmetology device (developed by the author)
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features of the devices. There are several main
types of cold atmospheric plasma sources in
the scientific literature, which have become
the basis for the creation of modern cosme-
tology devices (Table 1).

Table 1. The main types of plasma devices and their characteristics

Clacs:ilicrail:on Device type Brief description

) Plasma jet Directed plasma flow, requires gas
Type of dis- . .
charge DBD-rank gelgsma generation between electrodes without
Method of expo- Direct Plasma is formed in the treatment area
sure Indirect Plasma is supplied through a stream or medium

Single-electrode Simple layout, compact design

Construction Coaxial Stable discharge, high controllability

With a dielectric barrier

Working envi-  Inert gases

ronment Atmospheric air

Current limitation, safety
Stability and focus
Easy operation

A source: author’s development

When comparing plasma devices used
in aesthetic medicine, special attention is
paid to the characteristics that determine
the spatial distribution of plasma and its
interaction with the treated surface. These
characteristics include length and shape
of the plasma jet, diameter of the impact
zone. Scientific studies show that the jet
length can vary from a few millimeters to

62

several centimeters, depending on the type
of device, voltage and gas used. This, in
turn, affects the accuracy and locality of
processing.

Another important parameter is the dis-
tance from the plasma source to the treated
surface. Experiments show that increasing
this distance reduces the concentration of ac-
tive particles and reduces the intensity of ex-
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posure, while the minimum distance ensures
maximum plasma flow density.

In practical application, this requires tak-
ing into account the geometry of the nozzle
and the stability of the working tool position.
One of the key parameters is the uniformity
of the plasma discharge. Depending on the
generation mode, the discharge can be dif-
fuse or filamentous (filamentous). A diffuse
discharge is characterized by a uniform dis-
tribution of plasma, while separate micro-
channels form a filament discharge. These
characteristics directly affect the processing
quality and reproducibility of the results,
which becomes especially important when
comparing different devices.

Another important parameter to con-
sider when working with a plasma jet is the
gas flow rate. It has been noted in scientif-
ic papers that changes in gas flow rate affect
the jet length, discharge stability, and distri-
bution of active particles. An increase in the

Section 6. Aesthetic medicine

flow velocity, as a rule, leads to an elongation
of the jet and an improvement in its direc-
tivity; however, this may affect the plasma
density (Shemshuk M. I., Korotkiy V.N., Se-
rovD.N., 2018, p. 62).

For a more objective assessment of the ef-
ficiency of plasma jet devices, an energy den-
sity indicator is used, which demonstrates the
amount of energy transferred per unit area.
This parameter depends on the device’s power,
exposure time, and processing area, and allows
you to compare different operating modes.

The comparison of plasma devices used in
aesthetic medicine is based on an assessment
of their technical, design and operational
characteristics, which affect the controllability
of the process and the stability of plasma gen-
eration. Scientific papers emphasize that the
key factors determining the differences be-
tween devices are the type of plasma source,
the gas medium used, the configuration of the
electrodes and the power supply (Table 2).

Table 2. Comparative characteristics of plasma devices

Comparison criteria

Plasma jet

DBD devices

Controllability of impact 0as)

Length of the plasma region Up to 30—40 mm

Discharge stability
Energy consumption

Construction
The possibility of adjust-

Wide
ment

High when using gas
From mW to tens of watts

More complex (gas, nozzle)

High (adjustable by nozzle and Average (depending on elec-

trode position)
Limited by the discharge zone
Depends on design

Usually lower for localized
discharge

Simpler

Limited

A source: according to scientific research

The differences between them are due to
a number of physical and technical character-
istics. Controllability, stability of plasma gen-
eration, and the ability to fine-tune modes are
especially important for cosmetology practice.
This ensures the predictability of the result
and the convenience of the specialist’s work.

The practical value of plasma device pa-
rameters in aesthetic medicine is determined
by their effect on the controllability of the
procedure, reproducibility of the result, and
comfort of the specialist. Specialized sources
emphasize that the stability of the electrical
characteristics and operating modes of the
device ensures predictable effects, which is

especially important when performing repet-
itive cosmetic procedures and standardizing
protocols (VorobyovK.P., ZinnurovaA.B.,
Bakina O.V., SpirinaL.V., ZhavoronokT.V.,
2024, p. 359).

One of the most important aspects is the
possibility of fine-tuning the operating modes
of the plasma device. Modern models are
equipped with power, frequency and pulse
duration control systems, which allows them
to be adapted to various tasks and conditions.
Digital interfaces and pre-installed programs
greatly simplify the choice of modes and re-
duce the likelihood of errors when using the
equipment.
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Ergonomics and the design of the work-
ing nozzles also play a key role. As noted in
scientific and technical descriptions, the
shape and size of the nozzle determine the
accuracy of positioning and the convenience
of performing procedures. Compact and
weight-balanced devices significantly reduce
the workload of a specialist and increase pro-
cessing accuracy, especially when working
with small areas.

The stability of the parameters during the
procedure is crucial. In a number of studies,
it has been found that fluctuations in volt-
age or power can negatively affect plasma
characteristics, which in turn will affect the
uniformity of exposure. Therefore, devices
equipped with a parameter monitoring and
stabilization system are considered prefera-
ble for practical use.

It is also worth noting the convenience of
maintenance and operation. Devices that do
not require complex preparation, replacement
of gas cylinders or frequent calibration are be-
coming increasingly popular in cosmetology
rooms. This makes it possible to significantly
reduce the preparation time for procedures
and increase overall work efficiency (Borkhu-
nova E.N., TaganovA. V., 2017, p. 87).

The safety of using cold atmospheric plas-
ma in aesthetic medicine depends on several
factors: the physical characteristics of the
discharge, the design of the equipment, and
compliance with operating rules. Scientific
publications emphasize that one of the most
important aspects is the control of thermal
effects. When set correctly, the plasma tem-
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perature should be close to the ambient tem-
perature, which minimizes the risk of over-
heating of the treated surface.

Control of electrical characteristics plays
a key role in ensuring process safety. Cur-
rent limitation, the use of dielectric barriers
and switching power modes help to prevent
uncontrolled discharge transition. The tech-
nical descriptions note that modern devices
are equipped with parameter stabilization
systems and automatic shutdown when devi-
ating from the set modes.

Maintaining distance and exposure time is
also an important aspect. Experimental stud-
ies show that reducing the distance between
the electrode and the surface leads to an in-
crease in energy density, which requires pre-
cise control of the tool position. Increasing the
exposure time, in turn, contributes to the ac-
cumulation of energy, so the parameters of the
procedure must be strictly regulated.

Itis also important to consider the electri-
cal safety and grounding requirements of the
equipment. The use of certified devices that
comply with safety standards significantly re-
duces the risk of electric shock and ensures
stable operation of the device. In addition, it
is necessary to strictly follow the manufac-
turer’s instructions and regularly check the
technical condition of the equipment.

Despite the rapid development of plasma
technologies in aesthetic medicine, a number
of problems remain related to their practical
application. The main problems and direc-
tions of plasma technology development are
presented in Table 3.

Table 3. The main problems and directions of development of plasma technologies

Aspect

Existing problems

Development prospects

Differences in measurement

Parameter estimation

techniques

Reproducibility Dependence on external con-
ditions

Mode management Limited setup

Device design Limited versatility

Practical application

Lack of unified protocols

Standardization of indicators

Stabilization and control systems

Intelligent control systems
Miniaturization and ergonomics

Development of application stan-
dards

A source: author’s development

Further development of plasma technolo-
gies in the field of cosmetology is associated

with the improvement of parameter control
methods, standardization of characteristics
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and modernization of device designs. These
tasks will make the use of plasma equipment
in aesthetic practice more efficient and reli-
able.

Conclusions

The study revealed that the parameters
of cold atmospheric plasma generation and
the design features of plasma devices signifi-
cantly affect the controllability, stability and
reproducibility of hardware procedures in
aesthetic medicine. It is established that the
type of discharge determines the differences
between the devices, the medium used, the
configuration of the electrodes and the pow-
er supply modes. This requires a comprehen-
sive approach to their assessment.

The practical significance of the parame-
ters lies in the possibility of fine-tuning the
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operating modes, which ensures ease of op-
eration and increases the predictability of
results in cosmetology practice. The safety
of using plasma technologies is achieved by
monitoring electrical and energy characteris-
tics, observing the distance and time of ex-
posure, as well as using certified equipment.
It has been revealed that the main obsta-
cles to the development of plasma technolo-
gies in aesthetic medicine are the lack of uni-
form methods for assessing parameters and
insufficient standardization of application
protocols. The prospects for further progress
are related to the introduction of monitoring
and control systems, as well as standardiza-
tion of characteristics and improvement of
device designs. This, in turn, will improve
the efficiency and reliability of using plasma
technologies for aesthetic purposes.
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