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Introduction

Modern cosmetology is characterized by the active integration of medical technologies, pharmaceutical and cosmetic
approaches, which has led to the formation of a new interdisciplinary direction — cosmeceuticals. Cosmeceuticals oc-
cupy an intermediate position between drugs and traditional cosmetics, combining the properties of skin care with
pharmacological activity. Unlike classic cosmetic products, cosmeceuticals affect pathophysiological processes in the
skin, including inflammation, oxidative stress, impaired barrier function and aging processes [1].

The relevance of the development of cosmeceuticals is due to the increase in the prevalence of dermatological
conditions (acne, atopic dermatitis, rosacea, photoaging), as well as the increased demand for effective and safe long-
term products. It is important that cosmeceutical products are increasingly being developed according to the principles
of medical and pharmaceutical technologies, considering the standards of quality, safety, and evidence, which brings
them closer to medicines [2].

A special place in cosmeceuticals is occupied by herbal remedies that contain biologically active substances of
plant origin and are widely used in dermatology and cosmetology. Their use is due to high biocompatibility, complex
(pleiotropic) action and relative safety. Plant components contain a wide range of active compounds, among which
flavonoids (for example, quercetin, luteolin), carotenoids (B-carotene), triterpene saponins (oleanolic acid derivatives),
phenolic acids (caffeic acid, chlorogenic acid), as well as essential oils (terpenoids) are of key importance [3-7]

Preparations based on calendula officinalis L., which is a source of pharmacologically active substances with
proven anti-inflammatory, antiseptic and reparative effects, are widely used in cosmeceuticals [8, 9].

Such drugs include:

e (Calendula ointment (International Nonproprietary Name (INN): Calendula extract; chemical constituents: triter-
penoid esters, flavonoids)

* Bepanthen ointment (INN: dexpanthenol; chemical name: (R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbu-
tanamide)

e Panthenol cream (INN: dexpanthenol; chemical name: alcohol analogue of pantothenic acid)

Although some of these remedies are not exclusively herbal remedies, their combination with herbal ingredients
is characteristic of modern cosmeceuticals, which provides a synergistic effect.

Herbal remedies in cosmeceuticals affect various biological mechanisms, including inhibition of pro-inflamma-
tory cytokines, neutralization of free radicals, stimulation of cell proliferation and restoration of the epidermal barrier.
Due to this, they are widely used in the treatment and prevention of dermatological and cosmetic problems.

At the same time, the use of plant raw materials in cosmeceuticals is associated with several challenges, includ-
ing the variability of chemical composition, the need for standardization and ensuring the stability of finished forms. In
this context, the harmonization of quality requirements with leading pharmacopoeias, particularly the German Pharma-
copoeia, which sets high standards for the identification, purity and quantitative content of biologically active sub-
stances, is of particular importance.

Thus, herbal remedies are a promising direction in the development of cosmeceuticals, combining traditional
knowledge with modern pharmaceutical technologies and opening new opportunities for creating effective and safe
skin care products.

Purpose of the work
The purpose of this study is a comprehensive analysis of the role of herbal remedies in modern cosmeceuticals with an
emphasis on products based on Calendula officinalis L. (calendula extract), which are widely used in dermatological
and cosmetic practice.

To achieve this goal, it is envisaged to solve the following tasks:
¢ to characterize modern approaches to the use of herbal remedies in cosmeceuticals and their pharmacological proper-
ties;
® to analyze the composition, biologically active components (flavonoids, triterpenoids, carotenoids) and mechanisms
of action of calendula-based drugs;
® to investigate the range of cosmeceuticals containing calendula extract, as well as combined preparations (for exam-
ple, dexpanthenol-(R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutanamide);
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® to conduct a comparative analysis of the quality requirements for plant raw materials and calendula preparations in
accordance with national approaches and Deutsches Arzneibuch (DAB) [10, 11];
o perform SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis to assess strengths and weaknesses, oppor-
tunities, and threats to the development of phytocosmeceuticals;
e to carry out a PESTEL (Political, Economic, Social, Technological, Environmental, Legal) analysis considering po -
litical, economic, social, technological, environmental, and legal factors affecting the cosmeceutical market.

The results obtained will substantiate the prospects for the use of herbal remedies in cosmeceuticals and deter -
mine the directions for improving their quality, efficiency, and competitiveness.

Materials and methods
The paper uses a complex of general scientific and special pharmaceutical research methods that provide a sys-
tematic approach to the analysis of herbal remedies in cosmeceuticals.
The materials of the study were:
¢ scientific publications on pharmaceutical cosmetology, dermatology, and herbal medicine [12-17];
¢ regulatory documents, in particular DAB requirements for plant raw materials Calendula officinalis L.;
¢ data on the composition and properties of biologically active substances (flavonoids, carotenoids, triterpenoids, phe-
nolic acids);
¢ Cosmeceutical preparations based on calendula and combined products, in particular:
o Calendula ointment (INN: Calendula extract; chemical constituents: triterpenoid esters, flavonoids)
o Bepanthen (INN: dexpanthenol; chemical name: (R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbu-
tanamide)
o Panthenol (INN: dexpanthenol; alcohol analogue of pantothenic acid)
Educational and methodological materials on pharmaceutical cosmetology were also used.
In the process of research, the following methods were used:
1. Documentary analysis. An analysis of scientific sources and regulatory documentation has been carried out to sum-
marize modern data on the use of herbal remedies in cosmeceuticals.
2. Comparative analysis. A comparison of the quality requirements for medicinal plant raw materials Calendula offici-
nalis in accordance with national approaches and DAB, in terms of identification, purity and standardization, has been
carried out.
3. Pharmacological analysis. The mechanisms of action of biologically active substances (quercetin, p-carotene,
oleanolic acid derivatives, caffeic acid) and their effect on the physiological processes of the skin (anti-inflammatory,
antioxidant, reparative effect) have been evaluated.
4. Assortment analysis. The modern market of cosmeceuticals based on calendula and combined preparations has
been studied with the determination of their composition, dosage forms and areas of application.
5. SWOT analysis. It is used to determine the strengths and weaknesses of phytocosmeceuticals, as well as opportuni-
ties and threats to its development.
6. PESTEL analysis. It is used to assess the influence of the macroenvironment on the development of cosmeceuticals,
considering political, economic, social, technological, environmental, and legal factors.

The study is based on an interdisciplinary approach that combines pharmaceutical, dermatological, and eco-
nomic analysis, which allows a comprehensive assessment of the effectiveness and prospects of the use of herbal reme -
dies in cosmeceuticals.

The research of the article is a fragment of the research works of the Private Scientific Institution "Scientific
and Research University of Medical and Pharmaceutical Law" and Scientific Research Establishment of Innovations
for Future LLC USA on the topic "Multimodal research on innovative legal, medical and pharmaceutical, clinical and
pharmacological, behavioral-cognitive, psychological, socio-economic, medical and technological, forensic and phar-
maceutical, and digital strategies for patient-centered pharmacotherapy of PTSD and associated diseases in war and
conflict settings” (state registration number 0125U003297, implementation period 2025-2029); Private Scientific Insti-
tution "Research University of Medical and Pharmaceutical Law" "Multidisciplinary Study of Post-Traumatic Stress
Disorders during War in Patients (mainly Combatants)" (state registration number 0124U002540, implementation pe-
riod 2024-2029); Lviv Medical Institute on the topic "Improvement of the system of circulation of medicines during
pharmacotherapy on the basis of evidence-based and forensic medicine, organization, technology, biopharmacy and
pharmaceutical law" (state registration number 0120U105348, implementation period 2021-2026).

Research results

The analysis showed that herbal remedies occupy a leading place in the structure of modern cosmeceuticals due to the
combination of pharmacological activity and a high safety profile. It has been established that, unlike synthetic compo-
nents, herbal ingredients are characterized by a multicomponent composition, which ensures their multifunctional ef-
fect on various links in the pathogenesis of dermatological conditions.
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The main pharmacological effects of herbal remedies in the composition of cosmeceuticals are anti-inflamma -
tory, antiseptic, regenerative, antioxidant and moisturizing effects. The realization of these effects is due to the pres-
ence of biologically active substances, such as flavonoids (quercetin, luteolin), carotenoids (B-carotene), triterpenoids
(oleanolic acid derivatives), phenolic acids (caffeic acid, chlorogenic acid) and essential oils (terpenoids).

The results obtained made it possible to systematize the main properties of phytocomponents used in cosmeceu-

ticals.

Table 1. The main pharmacological effects of herbal remedies in cosmeceuticals

Pharmacological effect

Main active ingredients

Mechanism of action

Cosmetological signifi-
cance

Anti-inflammatory flavonoids  (quercetin), | inhibition of pro-inflamma- | Erythema reduction, acne
triterpenoids tory cytokines treatment

Antiseptic essential oils (terpenoids) | Disruption of the membranes | prevention of skin infec-
of microorganisms tions

Regenerative triterpenoids, carotenoids | stimulation of cell prolifera- | wound  healing,  skin
tion restoration

Antioxidant polyphenols, carotenoids | neutralization of free radicals | Prevention of photoaging

Moisturizing polysaccharides water retention in the epider- | improving skin hydration

mis

An analysis of the range of herbal components showed that the most common in cosmeceuticals are Calendula
officinalis L. (calendula extract), Matricaria chamomilla L. (chamomile extract), Aloe vera (aloe extract), Salvia offici-
nalis L. (sage extract) and Hypericum perforatum L. (St. John's wort extract). They are part of creams, ointments, gels,
tonics, and serums.

Table 2. The most common herbal components in cosmeceuticals

Plant INN / English Name Main active substances Main effects

Calendula officinalis L. | calendula extract flavonoids, triterpenoids, | anti-inflammatory, regenera-
carotenoids tive

Matricaria chamomilla | chamomile extract apigenin, bisabolol anti-inflammatory, soothing

L.

Aloe vera aloe extract polysaccharides, acemannan moisturizing, regenerative

Salvia officinalis L. sage extract essential oils (thujone, cineole) Antiseptic

Hypericum perforatum | St. John’s wort ex- | hypericin, flavonoids anti-inflammatory, antibacte-

L. tract rial

It has been established that phytocomponents simultaneously affect several pathogenetic mechanisms, which is
their key advantage in comparison with monotarget synthetic substances. Calendula extract combines anti-inflamma-
tory, antimicrobial, and reparative effects, which makes it effective in treating skin lesions, irritations, and acne.

In addition, it has been found that modern cosmeceutical preparations often contain combinations of herbal
components with pharmaceutical active substances, such as dexpanthenol (chemical name: (R)-2,4-dihydroxy-N-(3-hy-
droxypropyl)-3,3-dimethylbutanamide), which provides a synergistic effect and increases the effectiveness of therapy.

Thus, the results of the study confirm that herbal remedies are a key component of cosmeceuticals due to their
multicomponent composition, multifactorial mechanism of action and high level of safety, which determines their
widespread use in modern dermatological and cosmetic practice.

Further analysis showed that cosmeceuticals based on Calendula officinalis L. (calendula extract) occupy one of
the leading places among herbal remedies used in dermatology and cosmetology. This is due to the high concentration
of biologically active substances and proven pharmacological efficacy.

It has been established that the main active ingredients of calendula are flavonoids (quercetin, isorhamnetin),
carotenoids (B-carotene, lycopene), triterpenoid saponins (oleanolic acid derivatives) and essential oils (terpenoids). It
is these compounds that provide a wide range of pharmacological activity.
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Fig. 1. Scheme of mechanisms of action of herbal remedies in cosmeceuticals

Fig. 2. The place of herbal remedies in the structure of cosmeceuticals

Table 3. The main biologically active substances are Calendula officinalis L.

Importance in cosmeceuti-
cals

Group of substances Representatives Pharmacological action

Flavonoids quercetin, isorhamnetin anti-inflammatory,  antioxi- | reducing skin irritation
dant

Carotenoids B-carotene, lycopene Antioxidant Prevention of photoaging

Triterpenoids oleanolic acid derivatives reparative, anti-inflammatory | skin healing

Essential oils

terpenoids

Antimicrobial

Infection prevention

The results obtained indicate that calendula realizes its effect through several mechanisms: inhibition of the syn -
thesis of pro-inflammatory mediators, stimulation of fibroblast proliferation, increased angiogenesis, and antioxidant
protection of cells. This ensures its effectiveness in treating skin lesions and dermatological conditions.

Analysis of the cosmeceutical assortment showed that calendula extract is widely used both in mono-prepara-
tions and as part of combined products. A frequent combination with the following active substances has been estab-
lished:

e dexpanthenol (chemical name: (R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutanamide)
¢ allantoin (chemical name: 5-ureidohydantoin)
¢ zinc oxide (chemical name: ZnO)

Such combinations provide enhanced reparative and anti-inflammatory effects.

It has been established that the use of calendula in cosmeceuticals is most appropriate for the following condi-
tions:
¢ inflammatory dermatoses
Acne vulgaris
Skin irritation and dryness
microdamage to the skin
age-related changes
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Table 4. Examples of cosmeceutical preparations based on calendula

Medicine name INN Chemical name Release Main action
form
Calendula oint- | Calendula extract mixture of triterpenoid esters and | Ointment anti-inflammatory,
ment flavonoids regenerative
Bepanthen plus | dexpanthenol + | (R)-2,4-dihydroxy-N-(3-hydrox- Cream antiseptic, reparative
chlorhexidine ypropyl)-3,3-dimethylbutanamide
+ chlorhexidine digluconate
Panthenol dexpanthenol + cal- | alcohol analogue of pantothenic | Cream healing, moisturizing

cream with cal-
endula

endula extract

acid + plant extract

Fig. 3. Mechanism of action of Calendula officinalis in the skin
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Fig. 4. Directions of application of calendula in cosmeceuticals

Thus, the results of the study confirm that Calendula officinalis L. is one of the key components of modern cos-
meceuticals, which provides a complex therapeutic effect and has broad prospects for further use in pharmaceutical
cosmetology.

The comparative analysis showed that the quality requirements for medicinal plant raw materials Calendula of-
ficinalis L. (calendula extract) in DAB are more stringent and detailed compared to national approaches, which is of
fundamental importance for ensuring the effectiveness and safety of cosmeceuticals.

It has been established that the quality control system in DAB is based on a combination of modern analytical
methods, standardization by marker compounds and mandatory validation of methods. This minimizes the variability
of plant materials and ensures the reproducibility of the pharmacological effect.

The analysis showed that DAB widely uses modern quality control methods, in particular TLC and HPLC,
which allow the identification and quantification of key bioactive substances, such as quercetin and oleanolic acid de-
rivatives. In national practice, these methods are used to a limited extent or are not mandatory.

DAB pays special attention to standardization by marker compounds, which is critically important for herbal
medicines, since their pharmacological activity depends on the qualitative and quantitative composition. In the case of
Calendula officinalis, these markers are flavonoids and triterpenoids, which determine anti-inflammatory and repara-
tive activity.

Table 5. Comparative analysis of the requirements for Calendula officinalis L. in national approaches and DABs

Criterion Ukraine DAB Scientific and practical
significance
Identification macroscopic and mi- | Additionally (TLC - (Thin-Layer | Improving the accuracy of
croscopic analysis Chromatography), HPLC (High-Per- | identification
formance Liquid Chromatography)
Active  ingredient | general indicators | Standardization by Marker Com- | reproducibility of the phar-
content (sum of BAR) pounds (Flavonoids, Triterpenoids) macological effect
Cleanliness Basic requirements Strict limits for heavy metals, pesti- | Safety of use
cides, microbial contamination
Method validation limited Mandatory Validation of Analytical | Reliability of results
Methods
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It has been established that the purity requirements in the German pharmacopoeia are much stricter, regarding
the content of heavy metals (lead, cadmium), pesticides residues and microbial contamination indicators. This is of par-
ticular importance for cosmeceuticals, since such products are used for a long time and are in direct contact with the
skin.

Separately, it should be noted that the validation of analytical methods in DAB is mandatory, which includes the
assessment of specificity, accuracy, reproducibility, and linearity. This approach ensures a high level of reliability of
quality control results.

basic methods variability
chromatography
DA B +marker com- high standardiza-
pounds + valida- tion
tion

Fig. 5. Comparison of approaches to the standardization of herbal remedies

R
m——

Fig. 6. Influence of the level of standardization on the quality of cosmeceuticals

Thus, the results of the study confirm that the German Pharmacopoeia provides a higher level of standardization
of medicinal plant raw materials, which is critically important for the development and production of effective and safe
cosmeceuticals based on Calendula officinalis L. This justifies the feasibility of harmonizing national requirements
with European standards.

The SWOT analysis showed that phytocosmeceuticals based on Calendula officinalis L. (calendula extract) has
significant development potential, but is characterized by the presence of both competitive advantages and limitations
associated with the nature of plant raw materials and regulatory requirements.

It has been established that the key strengths are natural origin and high biocompatibility, which reduces the risk
of adverse reactions and ensures good tolerability with long-term use. The multicomponent composition (flavonoids,
carotenoids, triterpenoids, essential oils) provides a multifactorial effect on the skin, including anti-inflammatory, an -
tioxidant, and reparative effects, which is a significant advantage compared to monofunctional synthetic components.

At the same time, it has been established that the weaknesses of phytocosmeceuticals are due to the variability
of the chemical composition of plant raw materials, which depends on the conditions of cultivation, collection, and
storage. This makes standardization and quality control difficult. In addition, natural ingredients often have limited sta-
bility, which leads to a shorter shelf life compared to synthetic counterparts.

The analysis of market trends has shown that there are significant opportunities for the development of phyto -
cosmeceuticals. There is a growing demand for natural and organic skin care products, which stimulates the introduc-
tion of herbal ingredients in cosmetic products. A promising direction is the development of personalized cosmetology,
where herbal remedies can be adapted to the individual needs of the patient. It is also important to combine phytocom-
ponents with modern pharmaceutical technologies, in particular the use of active substances such as dexpanthenol
(chemical name: (R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutanamide), which allows to increase the ef-
fectiveness of cosmeceuticals.
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At the same time, several threats have been identified that may hinder the development of this segment. Among
them is competition from synthetic active ingredients that have a stable composition and predictable effect. Regulatory
restrictions that impose strict requirements for quality, safety and evidence have a significant impact. A separate prob-
lem is the risks of falsification of plant raw materials, which can lead to a decrease in the efficiency and safety of fin-
ished products.

Table 6. SWOT analysis of phytocosmeceuticals based on Calendula officinalis L.

Category Characteristics Scientific and practical signif-
icance

Strengths natural origin; high biocompatibility; multicomponent ac- | safety, complex impact
tion (flavonoids, triterpenoids)

Weaknesses variability of the composition; complexity of standardiza- | Quality control difficulties
tion; Limited stability

Opportunities growth in demand; personalized cosmetology; Integration | Market expansion
with pharmaceutical technologies

Threats competition of synthetic means; regulatory requirements; | Risks for the development of
Falsification the industry

SWOT profile of phytocosmeceuticals

Thus, the results of the SWOT analysis indicate a high potential of phytocosmeceuticals based on Calendula of-
ficinalis L., however, for its implementation, it is necessary to improve the system of standardization, quality control,
regulatory support, digital medical technologies, telemedicine, telepharmacy [18].

The conducted PESTEL analysis showed that the development of cosmeceuticals, in particular products based
on Calendula officinalis L. (calendula extract), largely depends on the influence of the macroenvironment, which forms
both favorable conditions and restrictions for the functioning of the industry.

It has been established that political factors play an important role in the regulation of the cosmeceutical market.
Harmonization of national legislation with the requirements of the European Union contributes to the improvement of
quality and safety standards. At the same time, the tightening of regulatory requirements complicates the process of
bringing new cosmeceuticals to the market, especially those containing herbal components with variable composition.
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Economic analysis has shown a stable growth of the cosmeceutical market, which is due to the increase in de-
mand for products with proven effectiveness and safety. An important factor is also the relative availability of plant
materials, in particular Calendula officinalis, which contributes to the development of the production of herbal
medicines. At the same time, economic instability can affect the purchasing power of the population and the investment
attractiveness of the industry.

Table 7. Influence of SWOT factors on the development of phytocosmeceuticals

Combination of
factors

Nature of interaction

Influence on the development of
cosmeceuticals

Practical significance

Strengths + Oppor-
tunities

synergy of internal ad-
vantages and external
opportunities

stimulates the active development
of phytocosmeceuticals, expansion
of the range

Introduction of new products
based on Calendula extract

Strengths + Threats

using strengths to neu-
tralize risks

increases competitiveness relative
to synthetic analogues

positioning as a safe and nat-
ural alternative

Weaknesses + Op-

Overcoming internal

contributes to the improvement of

HPLC implementation, stan-

portunities limitations through in- | standardization and stabilization | dardization by marker com-
novation technologies pounds

Weaknesses + | imposition of restric- | inhibits development and reduces | the need to strengthen qual-

Threats tions and external | product confidence ity  control, regulation,
risks telemedicine, telepharmacy

Social factors are characterized by an increase in demand for natural and safe cosmetics. Increasing consumer
awareness of the composition of products and their impact on health stimulates the choice of cosmeceuticals, especially
herbal preparations. This creates favorable conditions for expanding the range of products based on calendula extract.

Technological factors determine the innovative development of cosmeceuticals. It has been established that the
introduction of biotechnologies, as well as the use of modern systems for the delivery of active substances (particularly
nanoformulations), can increase the bioavailability and stability of phytocomponents. The combination of plant extracts
with pharmaceutical ingredients such as dexpanthenol (chemical name: (R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-
dimethylbutanamide) is a promising direction for increasing the effectiveness of cosmeceuticals.

Environmental factors play an increasingly important role in shaping the modern market. The focus on sustain-
able development and the introduction of the principles of organic production contribute to the popularization of phyto-
cosmeceuticals. The use of environmentally friendly plant raw materials increases consumer confidence and competi-
tiveness of products.

Legal factors include pharmacopoeia requirements and Good Manufacturing Practice (GMP) standards, which
ensure control over the quality, safety, and efficacy of cosmeceuticals [17]. It has been established that strengthening
legal regulation is a necessary condition for the development of the industry, but at the same time increases the require -
ments for manufacturers [19].

Table 8. PESTEL analysis of cosmeceuticals based on Calendula officinalis L.

Factor Characteristics Effects on cosmeceuticals
Political harmonization with the EU; increased regulation raising quality standards
Economic market growth; Availability of raw materials Expansion of production
Social demand for natural remedies; Awareness increase in consumption
Technological biotechnology; nanotechnology-based formulations Increase efficiency
Environmental sustainable development; Organic production Increasing competitiveness
Legal pharmacopoeia standards; GMP Quality and safety assurance

PESTEL- . .
£ production quality consumer market
actors

Figure 8. Structure of PESTEL factors in cosmeceuticals
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Figure 9. The influence of the macroenvironment on the development of phytocosmeceuticals

Thus, the results of the PESTEL analysis indicate that the development of cosmeceuticals based on Calendula
officinalis L. is determined by the complex interaction of political, economic, social, technological, environmental, and
legal factors, which must be taken into account when forming a strategy for the development of the industry.

Discussion

The results obtained indicate that herbal medicines, based on Calendula officinalis L. (calendula extract), form one of
the key segments of modern cosmeceuticals, providing a combination of pharmacological efficacy and a high safety
profile. It has been established that the multicomponent composition of plant raw materials (flavonoids, carotenoids,
triterpenoids, phenolic acids) provides a multifactorial effect on the skin, which is a significant advantage compared to
synthetic monoactive substances.

At the same time, the results of the study confirm that it is this multicomponent that simultaneously acts as both
an advantage and a limitation. On the one hand, it provides a synergistic effect (anti-inflammatory, antioxidant, repara-
tive) and, on the other hand, it makes it difficult to standardize, control the quality and reproducibility of the therapeu-
tic effect. This is consistent with benchmarking data, according to which DAB pays special attention to standardization
by marker compounds (quercetin, oleanolic acid derivatives) and the application of chromatographic methods (TLC,
HPLC).

An important aspect is that the results of the SWOT analysis demonstrate an internal contradiction in the devel-
opment of phytocosmeceuticals: the high demand for natural remedies is combined with the difficulties of standardiza -
tion and the risks of falsification. This indicates the need to improve quality control systems and implement European
approaches to regulation.

PESTEL analysis confirms that the development of cosmeceuticals is determined not only by scientific, but also
by macroeconomic and social factors. In particular, the growing demand for natural products and the development of
biotechnology create favorable conditions for the introduction of herbal remedies in cosmetic practice. At the same
time, tightening regulatory requirements and the need to comply with GMP standards increase barriers to entry.

Particular attention should be paid to the tendency to combine herbal ingredients with pharmaceutical active
substances. For example, the combination of calendula extract with dexpanthenol (chemical name: (R)-2,4-dihydroxy-
N-(3-hydroxypropyl)-3,3-dimethylbutanamide) can increase the regenerative potential of drugs and provide a more
predictable clinical effect. This approach corresponds to the modern concept of cosmeceuticals as a synergistic system
that combines natural and synthetic components.

At the same time, the results of the study indicate the need for further scientific developments in the direction
of:
standardization of plant raw materials by clearly defined marker compounds;
improvement of analytical methods of quality control;
increasing the stability of phytocomponents in the composition of cosmeceutical forms;
development of new systems for the delivery of active substances (nanocarriers, liposomal systems).
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Limitations

effectiveness variability

safety standardization
naturalness stability

Figure 10. Balance of benefits and limitations of phytocosmeceuticals

At the same time, the development of modern cosmeceuticals and the use of herbal remedies require considering
not only pharmacological and technological aspects, but also legal and bioethical approaches that regulate the circula-
tion of biological materials and medicines. It has been established that the formation of an effective system for ensuring
the quality and safety of medical and pharmaceutical technologies, including phytocosmeceuticals, is closely related to
the development of the regulatory framework and bioethical standards governing the use of cells, tissues, and innova-
tive therapeutic approaches. At the same time, clinical aspects of the use of drugs, for tuberculosis lesions, confirm the
importance of an integrated approach to the choice of therapy, analysis of the drug market and ensuring their availabil -
ity, which is also important for the development of cosmeceuticals with proven efficacy and safety [20, 21].

Thus, the results of the study confirm that phytocosmeceuticals based on Calendula officinalis L. is a promising
direction in the development of modern pharmaceutical cosmetology, but it requires further scientific justification, har-
monization of quality standards and the introduction of innovative medical and pharmaceutical technologies to ensure
the stability and reproducibility of the effect.

Fig. 11. Modern model of cosmeceuticals

Conclusions
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As a result of the study, it was found that herbal remedies are one of the key areas of development of modern cosme-
ceuticals, as they provide a combination of pharmacological efficacy, multicomponent action, and a high safety profile.
Their use allows you to influence various links in the pathogenesis of dermatological conditions, including inflamma-
tion, oxidative stress, and skin regeneration disorders.

It has been proven that Calendula officinalis L. (calendula extract) is a promising ingredient in cosmeceuticals
due to the presence of biologically active substances (flavonoids, carotenoids, triterpenoids) that provide anti-inflam-
matory, antimicrobial, and reparative effects. The use of combined forms, with dexpanthenol (chemical name: (R)-2,4-
dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutanamide), increases the effectiveness and expands the possibilities of
using such agents in dermatological practice.

Comparative analysis with the requirements of DAB showed the need to improve national approaches to the
standardization of plant raw materials, in particular, the introduction of chromatographic methods of analysis, standard-
ization according to marker compounds and mandatory validation of analytical methods.

The results of the SWOT analysis showed the presence of a significant potential of phytocosmeceuticals, com-
bining strengths (naturalness, biocompatibility, complex action) with certain limitations (variability of composition,
complexity of standardization). PESTEL analysis confirmed that the development of cosmeceuticals is determined by
the complex interaction of political, economic, social, technological, environmental, and legal factors.

Thus, phytocosmeceuticals based on Calendula officinalis L. is a promising direction of pharmaceutical cosme-
tology, which requires further development in the direction of harmonization of quality standards, introduction of inno-
vative technologies and expansion of the evidence base of effectiveness and safety.
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Medical Technologies. Pharmaceutical Cosmetology, Cosmeceuticals Based on Herbal Medicines: Modern
Trends and Regulatory Approaches

Alina Osyntseva, Valerii Shapovalov, Valentyn Shapovalov

Introduction. Modern cosmetology is characterized by the integration of medical technologies, pharmaceutical and
cosmetic approaches, which led to the formation of cosmeceuticals as a separate direction. A special place in cosme-
ceuticals is occupied by phytopreparations that contain biologically active substances (flavonoids, carotenoids, triter-
penoids) and provide a complex effect on the skin. Purpose of the study. To analyze the role of herbal remedies in
cosmeceuticals on the example of Calendula officinalis L. (calendula extract), to conduct a comparative analysis with
the requirements of Deutsches Arzneibuch (DAB), as well as to perform a SWOT (Strengths, Weaknesses, Opportuni-
ties, Threats)- and PESTEL (Political, Economic, Social, Technological, Environmental, Legal) analysis of the devel-
opment of phytocosmeceuticals. Materials and methods. Documentary analysis of scientific sources and regulatory
documentation, comparative analysis of pharmacopoeia requirements, pharmacological analysis of biologically active
substances (quercetin, B-carotene, oleanolic acid derivatives), as well as SWOT and PESTEL analysis were used. Cos-
meceutical preparations, in particular Calendula ointment (International Nonproprietary Name: Calendula extract) and
dexpanthenol agents (chemical name: (R)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutanamide) were studied.
Results. It has been established that herbal remedies provide anti-inflammatory, antiseptic, antioxidant, and regenera-
tive effects due to their multicomponent composition. Calendula extract has been shown to be effective in the treatment
of inflammatory and degenerative skin conditions. It has been found that the requirements of DAB are more stringent
and provide for standardization according to marker compounds and the use of chromatographic methods (TLC -
(Thin-Layer Chromatography), HPLC (High-Performance Liquid Chromatography). SWOT analysis demonstrated the
strengths of phytocosmeceuticals (naturalness, biocompatibility) and limitations (composition variability), while PES-
TEL analysis confirmed the significant impact of macroeconomic and regulatory factors on the development of the in-
dustry. Conclusions. Herbal remedies are a promising area of cosmeceuticals that combines effectiveness and safety.
Calendula officinalis L. is one of the key ingredients in modern cosmeceuticals. It is necessary to improve the standard-
ization system in accordance with European requirements and introduce innovative technologies to improve the quality
of products.

Keywords: cosmeceuticals, herbal medicines, Calendula officinalis, calendula extract, flavonoids, dexpanthenol, phar-
macopoeia, SWOT analysis, PESTEL analysis.
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