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ANNOTATION

Qualification work is devoted to the compositional substantiation, technology
development and study of its technological properties of extemporancous gel with
Lemon balm and Willow bark extracts.

The work is presented on 42 pages of printed text, consists of an introduction,
3 chapters, general conclusions, a list of sources used, appendices. The list of used
sources contains 38 items, including 20 English and 9 on Ukrainian. The work is
illustrated with 3 tables and 14 figures.

Key words: gel, extemporaneous, extract, technology, Lemon balm, Melissa
officinalis, Willow bark, Salix Viminalis.

AHOTALIA

Kpamidikaniitna poboTa mpuCBSYEHA OOTPYHTYBAaHHIO CKJIAAy, po3poOr
TEXHOJIOTT Ta BUBUYEHHIO TEXHOJIOTTYHUX BIACTUBOCTEHN €KCTEMITOPAILHOTO el 3
eKCTpaKTaMu Melicu Ta Kopu BepOu. PoOora BukmazeHa Ha 42 CTOpIHKax
JPYKOBAHOTO TEKCTY, CKJIAJAETHCS 31 BCTYMY, 3-X PO3JIUIB, 3arajlbHUX BUCHOBKIB,
CIIUCKY BUKOPUCTAHUX JIXKepe, 1oaatkiB. [lepenik BUKOpUCTaHUX JIXKEPET MICTUTh
38 mxepen, cepen sikux 20 aHMIIMCHKOIO MOBOIO Ta 9 yKpaiHCBbKOIO MOBO1O. PoGoTy
UTrOCTpOBaHO 3 TadnuIsIMU 1 14 pucyHkamu.

KirodoBi cjoBa: renb, EKCTEMIOPATLHUM, €KCTPAKT, TEXHOJIOTIHI, Melca

nikapcbka, Melissa officinalis, kopaBep6u, Salix viminalis.
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INTRODUCTION

Relevance of the topic. The rational treatment of wounds represents a
significant contemporary challenge, the effective resolution of which will necessitate
the collaborative efforts of multiple generations of medical professionals, including
doctors and pharmacists. Despite the extensive array of proposed methodologies and
pharmaceutical agents for wound treatment, this problem persists as a salient one.

Prolonged postoperative infections have been demonstrated to increase the
mortality rate, the costof treatment, and the number of additional days spent in the
hospital. This finding underscores the profound medical and socio-economic
implications ofthe problem of prevention and underscores the necessity to enhance
the efficacy of treatment [35, 36].

The therapeutic value of medicinal plants is determined by the biologically
active substances included in their composition. Concurrently, a multitude ofactive
pharmaceutical ingredients (APIs) are synthesized in each medicinal plant, resulting
n a collective pharmacological effect. Further examination of medicinal plants that
have been the subject of prior study and long-standing utilization can, on occasion,
unveil hitherto unobserved facets of their biological activity [15, 26, 28].

The purpose of the research is compositional substantiation, technology
development and study of extemporaneous gel with Lemon balm and Willow bark
extracts technological properties.

To achieve the set goal, it was necessary to solve the following research
tasks:

* To study the relevance of developing an extemporaneous gel with Lemon
balm and Willow bark extracts.

* Based on the analysis of the literature, identify APIs Lemon balm and
Willow bark extracts and justify the choice of dosage form;

* Theoretically substantiate the optimal composition of extemporaneous gel;

* Substantiate the composition of the gel base;

* Develop the technology of extemporaneous gel;



* Determine the technological properties of extemporaneous gel.

Object of research. extemporaneous gel with plant components.

Subject of research. Extemporaneous gel with Lemon balm and Willow bark
extracts

Research methods. To achieve the set goal, general scientific research
methods were used: generalization, systematization, synthesis, analysis, analogy,
comparison for processing literature data; observation, comparison, measurement,
modeling, experiment for the preparation and study of omntment gel; as well as
physicochemical and technological methods.

Practical significance of the results obtained. Based on the conducted
research, an extemporaneous gel with Lemon balm and Willow bark extracts was
proposed for practical implementation. The work carried out can be used to further
improve the composition of the ointment in order to expand the range of preparations
based on plant components.

Elements of scientific research. Based on literature data, the composition
and manufacturing technology of extemporaneous gel with Lemon balm and Willow
bark extracts of willow were substantiated.

Approbation of research results and publication. The results of the work
were presented at: XXXI International Scientifical and Practical Conference of
Young Scientists and Students «Topical issues of new medicines development» on
April 23-25, 2025.

Scope and structure of work. The work is presented on 42 pages of printed
text, consists of an introduction, 3 chapters, general conclusions, a list of sources
used, appendices. The list of used sources contains 38 items, including 20 English

and 9 on Ukrainian. The work is illustrated with 3 tables and 14 figures.



CHAPTER1
APPROACHES TO THERAPYOF INFECTED WOUNDS

1.1. Wounds and wound process

Currently, due to the success of antibiotic therapy for soft tissue infections,
msufficient attention is paid to the surgical aspects of wound treatment and wound
infection in modern recommendations.

A wound 1s a mechanical violation of the ntegrity of the skin, mucous
membranes, deep tissues, internal organs with the development of local, regional
and general disorders of vital activity [1, 36].

The surgeon experiences the greatest difficulties in the treatment of infected
wounds. The frequency of surgical infections in the structure ofsurgical diseases has
not decreased in recent years, remaining at the level of 24-36%. Inadequate
management of patients with surgical infection is one of the reasons for the high
mortality in this patient population - 25-50%.

Classification of the wound process

A wound is a complex biological system and goes through certain stages in
its development. Classification of the wound process (according to M. 1. Kuzin)
[40]:

I - phase of inflammation, divided into the period of vascular changes and the
period of cleansing the wound from necrotic tissues;

II - phase of regeneration, formation and maturation of granulation tissue;

III - phase of scar reorganization and epithelialization [1, 4, 36].

There 1s an alternative four-stage classification of the wound process BYRP
(Black Yellow Red Pink).

In this system, different colors imitate different phases of the wound process.

In the BYRP classification, the following stages are distinguished:

Black (black) - necrosis,

Yellow (yellow) - fibrin in the wound,

Red (red) - granulation tissue,
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Pink (pink) - epithelialization of the wound. The graphic scheme is close to
the real clinical picture, since the color of the wound changes depending on the
processes occurring in it. In this case, stages B and Y correspond to phase I of the
wound process according to M. 1. Kuzin. Stages R and P correspond to phases Il and
III. This classification is based on the allocation of three degrees of exudation.

Regarding fresh (acute) wounds without signs of infection, a single approach
has been developed, the essence of which is the rapid surgical closure of the tissue
defect. The need for a long stay of patients in the hospital, repeated surgical
interventions and the use of additional treatment methods arises only when the
wound "chronicizes". A chronic wound is a wound that exists for more than 4 weeks

(the exception is large granulating superficial wounds after a burn) [1, 7, 36].

(1) Hemostasis (2) Inflammation (3) Proliferation (4) Remodeling

Fig. 1.1. Phases of wound healing

The modern treatment of wound infection is based on the principles of
complex therapy, which include surgical intervention with rational drainage, general
and local use of antibiotics and drugs that provide detoxification, necrolytic action,
and increase the body's immune defense.

First of all, it should be noted that surgical tactics in the treatment of wounded
and sick people with surgical infection cannot be templated, since patients come for
treatment at different times from the onset of the disease or injury and in different
phases, both of the inflammatory process itself and of wound healing. Wound
healing "through suppuration" is a natural and phylogenetically justified course of
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the wound process. When treating this category of wounded and sick people,
secondary surgical treatment of wounds is usually not carried out, but measures are
taken aimed at active preparation of wounds and their early closure with sutures or
autodermoplasty. Wounded and sick people with clinical manifestations of surgical
wound infection or primary purulent diseases require different treatment principles,
including the following measures:

1) surgical treatment of purulent wounds and other purulent foci;

2) rational drainage and programmed washing of wounds;

3) active preparation of unsutured wounds for closure and their closure;

4) prevention of auto- and reinfection by strict adherence to the rules ofasepsis
and antiseptics when performing surgical interventions and dressings in this category
of wounded and sick people;

5) targeted antibacterial treatment (local and general);

6) correction of immune defense, microvascular disorders, hypoxia and other
disorders of homeostasis;

7) general treatment (infusion-transfusion therapy, hemosorption,
hemodialysis, blood UVF, hyperbaric oxygenation); 8) treatment of concomitant

diseases [1, 4, 36].

1.2. Principles of choosing a local antiseptic for the treatment and
prevention of wound infection

Wounds are one of the most common traumatic injuries. Victims receive
injuries in various conditions, including as an operative access during surgery. The
wound can be complicated by the development of secondary infections of the skin
and soft tissues, which are a consequence of tissue infection in primary violations of
anatomical integrity, as well as trophic and / or innervation in systemic diseases (e.g.,
diabetes mellitus, chronic venous insufficiency). Infected burns, infected traumatic
wounds and infections of the surgical area have as their primary cause a wound that
is easily contaminated and then infected with both its own microorganisms and

nosocomial pathogens [4, 7, 32].



The microbial status of wounds can be classified as follows:

1) contamination - microorganisms are present and fixed to the tissue without
multiplication (initially);

2) colonization - microorganisms are present and multiply, a clinically
significant immunological response of the host organism is (initially) absent;

3) critical colonization - multiplication of microorganisms without classical
signs of infection, but with delayed wound healing due to the formation of toxins or
the wound is colonized by antibiotic-resistant strains without signs of infection;

4) local infection - clinically observed immunological reaction of the host
organism with typical signs of infection, including hyperemia (erythema 1-2 cm
from the wound edge), with a tendency to increase (may be equivalent to the spread
of infection with the risk of generalization), edema, increased local temperature of
the skin / deep tissues, pain, dysfunction, increased amount of exudate and its
viscosity, in some cases the appearance of an unusual odor, delayed wound healing;

5) systemic infection - in addition to symptoms of local infection, signs of
systemic reaction of the host organism are observed, such as leukocytosis, increased
level of C-reactive protein in the blood and fever [4, 26, 33].

The presence of closed cavities, foreign bodies, necrotic tissues in the wound
contributes to the development of wound infection. The proliferation of pathogenic
microflora in the wound and the absorption of decay products of non-viable tissues
contribute to the stimulation of blood cells and connective tissue, leading to the
release of cytokines and other inflammatory mediators with a wide range of
biological effects.

In the local treatment of infected wounds, the following strategy is followed:

* surgical treatment of the wound, including necrotectomy;

« adequate drainage;

 maintaining the wound with a moist environment;

* use of optimal antiseptics, refusal of cytotoxic agents;

* use of modern dressings according to the stages of the wound process;
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* transport of necessary substances into the wound using ointments and
dressings;

* use of additional agents with proven effectiveness for wound treatment [4,
33].

The main indications for the use of antiseptics are:

1. Use for prophylaxis, in the presence of uninfected wounds with a high risk
of infection (immunodeficiency patients, wounds in the perineum, burns);

2. Use for the treatment of:

* local infection;

 widespread infection (in combination with systemic antibacterial therapy).
Treatment with antiseptics 1s discontinued in the following cases:

» when the infection resolves;

» when undesirable drug reactions associated with the antiseptic develop;

» when the wound begins to heal clinically [1, 4, 27].

The main role of antiseptics is to eliminate or reduce the number of viable
microorganisms in the wound. Most solutions that are used even for many years cope
with this task. The secondary goal is to have a positive effect on tissue proliferation
and regeneration. Not all currently widely used drugs cope with this task.

Treatment of purulent wounds in modern conditions, with increasing
resistance of microorganisms, is the subject of close attention of doctors of various
specialties. Currently, this problem should be solved on the basis of a
multidisciplinary approach involving not only surgeons, but also clinical
pharmacologists [1, 4, 26].

Given the shortcomings of the first antiseptics (carbolic, acetic acid, chlorine
preparations), surgeons enthusiastically began to use local forms of antibiotics in
practical health care. Until recently, the creation of a new local remedy against
pathogens of surgical infections consisted in simply transferring an effective
antibiotic to the medium for application to wounds (erythromycin, tetracycline

ointment, synthomycin emulsion).
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Manufacturers often neglected the problems of drug interaction, the risk of
resistance formation. With the emergence of resistance in pathogens and,
accordingly, the meffectiveness of local drugs containing antibiotics, surgeons again
began to give preference to antiseptics [1, 4, 33].

The appointment of antiseptics in the treatment of wound infection is a
procedure aimed at suppressing the wound microflora by using solutions of non-
selective action.

Antiseptics used for the local treatment of purulent wounds have potential
advantages and disadvantages.

Advantages: 1) high local concentration of antiseptic in the focus of surgical
infection; 2) relatively small amount of the drug used; 3) mmimal systemic
antibacterial effect; 4) minimal systemic toxicity; 5) the possibility of using drugs
that are not available for systemic therapy; 6) low risk of resistance formation; 7)
ease of use.

Disadvantages: 1) small selection of effective antiseptics for local use; 2) low
penetration into the tissue, which limits use in the depth ofthe wound; 3) with a large
wound area, a systemic effect of drugs is possible; 4) the possibility of developing
dermatitis of surrounding tissues; 5) the potential ability to slow down tissue
regeneration; 6) the complexity of dosing; 7) the need for multiple applications [1,
4, 27].

When treating wounds locally, it is necessary to take into account the phases
of the wound process (phase I - inflammation (vascular changes, cleansing), phase
IT - regeneration, phase III - scar reorganization and epithelialization). Currently,
there are no means and methods that are equally effective in all phases of the wound
process. However, as before, drugs for treating wounds in general are offered,
without indicating for which phase they are intended. Only such local drug treatment
can be considered justified, which is carried out in strict accordance with the
pathogenesis of the wound process, that is, taking into account its phase.

Naturally, local drug treatment cannot fully provide a sufficiently effective

effect on the wound process. In other words, no treatment can completely replace
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surgical treatment of the wound with its early closure. But with the extensiveness of
the lesion, the mvolvement of vital structures, it is not always possibleto completely
clean the wound and complete the operation by applying primary sutures. In such
cases, it is necessary to prepare the wound for closure with secondary sutures or skin
grafting, conducting local drug treatment. It is important to emphasize that active
surgical treatment is impossible without local and general use of chemotherapy
drugs (antiseptics and antibiotics) [1, 4].

Antiseptics. Various antiseptics are offered to the surgeon, the effectiveness of
which i relation to wound infection has been confirmed by studies. The task of
antiseptics 1s to eliminate orreduce the number of microorganisms in the wound and
exclude negative effects on tissue proliferation and regeneration. Notall traditionally
used drugs perform this task, some of them negatively affect the late phases of the
wound process.

Existing recommendations for the use of antiseptics are as follows: 1) do not
use alcohol solutions of antiseptics, which cause burns of immature granulations; 2)
avoid the use of antiseptics that stain tissues (diamond green, methylene blue, etc.),
which complicates the visual assessment of the course of the wound process (most
colored antiseptics are cytotoxic); 3) do not use hydrogen peroxide (except for the I
phase of the wound process) due to the harmful effect on granulation tissue and foci
ofepithelialization; 4) strictly according to indications, use potassium permanganate
solutions, which have a pronounced drying effect, up to necrosis of granulation
tissue, and the ability to stain tissues; 5) do not use antiseptics in the III phase of the
wound process [1,4, 33].

Despite the simplicity of using antiseptics, it is necessary to determine the
place of each of them in order to balance their positive and negative sides, and they
should not be used constantly during the treatment process. Their positive effect
prevails over the cytotoxic effect only within a few days to two weeks from the start
of use. Thus, an incorrect approach to the use of antiseptics can have a negative
impact on the healing time of wounds. An alternative may be the appointment of a

local form of antibiotic [1, 4].
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1.3. Extemporaneous gels

Extemporaneous dosage forms are drugs that are manufactured in a pharmacy
individually for a specific patient.

Extemporaneous (from Lat. * ex tempore — as needed, immediately before
use) medicinal forms represent by yourself drugs prepared in pharmacies
individually for a specific patient [34].

Gels are soft medicinal forms that are a homogeneous or homogeneously
dispersed system containing a liquid phase and a gelling agent that creates a viscous
structure. They are easy to use, provide rapid release of active substances and are
well tolerated by patients. Geli is one of popular extemporaneous forms used
externally or less often - for internal use use.

The gel consists of a liquid phase (water, alcohols, glycerin) and a gelling
agent. Typical gelling agents include natural ( gelatin, alginates, pectin, agar ), semi-
synthetic (methylcellulose, CMC), and synthetic (carbopol, PEO, acrylic polymers)
polymers. The gelling agent swells in the liquid, forming a three-dimensional
network that holds the components and gives the gel stability.

This structure allows evenly distribute active substances and control their
release [11, 16, 20].

Advantages of gels:

- Rapid release of active substances - Ease of application and good distribution
- Gentle effect on the skin and mucous membranes

- Minimum irritating action compared to ointments and creams.

- Possibility of individualization of'the composition

- Thermal stability

Opportunity regulation viscosity and degree penetration of the current
substances.

Application: dermatology ( antiseptic, anti-inflammatory, wound healing)
gels, gynecology ( antiseptic and hormonal gels ), dentistry ( anesthetic and anti-

inflammatory gels ), pain relief, cosmetology.
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Table 1.1.

Gelling agent Origin Conc. (% | Peculiarities Example of
by weight) application
Carbopol(Carbomer) | Synthetic 0.5-1.5 Requires Gels with
neutralization, | NSAIDs,
high cosmetics
transparency,
stability
Methylcellulose (MC) | Semi- 1-5 Slowly swells, | Eye, dental,
synthetic viscosity rectal gels
increases with
heating
Hydroxyethylcellulose | Semi- 0.5-2 pH stable Gels for
synthetic mucous
membranes
Pectins, alginates Natural 1-3 Biocompatible, | Wound
require healing gels
stabilizers
Polyethylene oxide Synthetic Up to 95% | Compatible Combined
(PEO) with fat- external
soluble
substances

Gels technology:

1. Preparation of the base. Gelling agent preliminary swells in liquid ( usually

within 1-24 hours at room temperature ) temperature ).

Process Maybe be accompanied stirring ( manual or mechanical ) until

reaching necessary consistency.

2. Introduction of active substances - in dissolved or suspended form
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3. Adjustment of pH and viscosity - for most gelling agents, when working
with carbopolrequired neutralization solution ( more often total triethanolamine ) to
achieve desired viscosity.

4. Packaging and storage - in sealed containers. from light-protective glass or
plastic.

Term storage Extemporaneous Gels - limited ( usually up to 10 days),
depending on the composition - with mandatory indication dates manufacturing.

For mucous membranes preferably use more soft thickeners -
hydroxyethylcellulose, pectin, etc. Sorbitol increases viscosity and improves taste
[20, 25, 29].

Extemporaneous gels production allows:

e change concentration current substances depending on age patient.

e combine some active substances (for example, antiseptic with painkiller
).

e produced without preservatives and flavorings, which especially
important for children and allergy sufferers.

e create rectal, vaginal, dental gels.

e majority gelling agents demand room temperatures for swelling (
exception - agar, gelatin). Speed mixing: avoid excessive whipping so
that they do not form bubbles. pH control important for conservation
stability current substances and viscosities gel. Use preservatives: if
term storage gel supposed more than 2-10 days, you need to add
preservatives ( for example, sorbate potassium benzoate sodium,
nipagin, nipazol ) - but this is requires pharmaceutical justifications and
verifications compatibility [12, 13, 14, 34].

Quality control extemporaneous gels.

When manufactured in pharmacies conditions gels are subject to to all main
types of control:

Quality controlincludes all types of intra-pharmacy control:

e written;



odor.
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Interview;

organoleptic - homogeneity, absence bubbles, foreign inclusions,

physical ( accuracy packaging and dosing );

chemical control ( pH environment - especially important when

applied to mucous membranes or sensitive areas skin );

stability - being checked visually during storage ( stratification,

sediment, change colors ).

microbiological purity - if the drug is stored more than 7 days or

used on mucous membranes.

control during release.

Terms and Conditions Storage: - in a coolplace protected from light place (8—

15°C).

Packaging: tubes, jars of dark glass or medical plastic.

Term shelf life: determmed depending on the composition, but no more than

10 days without preservatives. If available unstable substances - up to 3 days.

Prospects and relevance. Taking into account individualization therapy and

development personalized medicine, extemporaneous gels become All more in

demand form. They allow: Fast adjust the composition to a specific patient, Use

unstable substances not available in industrial production Pharmacy, Apply new or

rare active substances in minimal doses [11, 13, 14, 34].
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Conclusions to chapter 1

The feasibility of developing soft dosage forms using modern bases and APIs,
effective against resistant pathogens of inflammatory processes and affecting the
main pathogenetic processes in complicated wounds, has been repeatedly proven by
clinical studies. Even taking into account the successes achieved by the
pharmaceutical industry, the creation and mprovement of drugs for the local
treatment of purulent wounds are among the urgent tasks of the pharmaceutical
industry. Considering the above, there is an ongoing active search for effective

antimicrobial substances, including those of plant origin, which can be used for this

purpose.
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EXPERIMENTALPART
SECTION 2. JUSTIFICATION OF THE GENERALCONCEPT OF
RESEARCH

2.1. Description, chemical composition and use of Lemon balm

Melissa officinalis is a perennial herbaceous plant ofthe Lamiaceae family.
The stem is straight, tetrahedral, branched, up to a meter high. The whole plant is
covered with soft hairs. The leaves are petiolate, heart-shaped, large-toothed,
wrinkled, dark green on top, light, pubescent on the bottom. When the leaf is
crushed, a lemon aroma is felt. Small white or white with a pinkish tint flowers
with a red spot are collected at the top of the stem in inflorescences. The fruit is

dry, breaks up into four one-seeded nuts. It blooms in June-August [2, 17, 21].

Fig. 2.1. Lemon balm (Melissa officinalis)

Lemon balm (Melissa officinalis) is a common species in the countries of
the Mediterranean basin and Central Europe. In Ukraine, this plant is cultivated on
homestead plots, and it also often grows wild, in particular in the Crimea, where it
grows along river banks, in meadows and in forests.

Lemon balm leaves are harvested before flowering, when the essential oil

content in the leaves is highest. They are harvested during the day in dry, cloudy
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weather. Repeated harvesting is possible 20-25 days after the first, and under
favorable weather conditions of a humid, warm autumn - for the third time. The
collected leaves are dried in a thin layer at a temperature of up to 35°C without
turning. The yield of dry raw materials is about 20%. Store in a dark, dry place in
metal containers [3, 8, 27].

Lemon balm leaves contain essential oil (up to 0.33%), tannins (up to 5%),
bitterness, mucus, sugars, caffeic, succiic, chlorogenic, oleanolic and ursolic
acids, and mineral salts.

The plant is used for general nervous excitement, vegetative-vascular
dystonia, insomnia, heart rhythm disturbances, changes in blood pressure under the
influence of emotional factors, as well as for disorders that accompany them:
digestive disorders, vegetative neurosis, gastritis, colitis, etc.

It is more often used with other herbs - mint, chamomile, valerian, lavender,
cumin, etc. [6, 18, 28].

Melissa (herb) lowers blood pressure, slows breathing and heart rate. Its
diaphoretic, sedative, antifungal and bactericidal properties are known. It exhibits
antispasmodic, astringent, hypoglycemic, diretic, choleretic, anti-inflammatory,
mild hypnotic and analgesic effects.

Melissa strengthens the nervous system, increases salivation, improves
metabolism, appetite, and digestive system activity. Promotes lymph and blood
renewal, helps with headaches.

Lemon balm herb is used to treat nervous, cardiovascular, gastrointestinal
diseases, bloating, constipation, flatulence. Helps with gout, anemia, gum disease,
dizziness, tinnitus and general weakness.

The beneficial properties of lemon balm make it a means for weight loss.
Tea from the plant will help improve metabolism, remove excess fluid and serve
as amild laxative. The sedative and antispasmodic properties of the herb will help
you survive diet-related restrictions, calming the nervous system and relieving
hunger cramps in the stomach [7, 18, 21].

Lemon balm stimulates menstruation, relieves dysmenorrhea, helps with
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inflammatory diseases of the genitourinary system, especially with diseases of the
uterus. As a female herb, it was popularly called "motherwort". The herb is suitable
for women with increased sexual arousal, as it soothes and regulates the activity of
the female body.

According to the ancient Greeks, lemon balm herb was the bestremedy for
baldness, which is still useful for men who have encountered this problem. Women
use lemon balm to improve hair growth, strengthen bulbs, restore damaged roots,
regulate the work of the sebaceous glands, reduce oiliness and smooth hair along
the entire length.

Lemon balm is used for taking aromatic restorative baths, as well as for
furunculosis, dermatitis, skin rashes [3, 8, 27].

The herb of the plant lowers blood pressure. It has a bactericidal effect and
is able to destroy some pathogenic fungi and tuberculosis pathogens. Lemon balm
herb has anti-inflammatory and antioxidant effects. Taking preparations from it has
a restorative effect on the body. Lemon balm helps strengthen the nervous system
and normalize sleep. At the same time, it i1s not depressing and practically not
addictive. Lemon balm also enhances the effect of synthetic sedatives and allows
you to reduce their dosage.

You can not take lemon balm during pregnancy and breastfeeding, with
hypotension and intolerance to the components in the herb.

In folk medicine, lemon balm infusion is used externally for paralysis and
gout. Young leaves ofthe plant are added to salads.

Lemon balm is also used in cosmetology for baths and compresses [2, 6, 8
17].

2.2. Use of Willow and the chemical composition of its BAS
The study of the chemical composition of various species of willow (Salix
L.)began in the 18th century. The history of use and the chemical composition of

some species of willow are quite fully described in scientific publications.
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IEQORVEIADU

Fig. 2.2., 2.3. Salix Viminalis L.

At the moment it is known that the main active substances of the studied
species of willow are phenolic glycosides, flavonoids, tannins, and also include
phenolic acids, ascorbic acid, amino acids, saponins, essential oils and
polysaccharides, which can contribute to the overall pharmacological effect. It is
known that the quantitative content of BAS in the bark and leaves can change in
different phases of vegetation and depends on the growth conditions [5, 10, 26].

One of the main representatives of biologically active substances of the
willow family is phenolic glycosides, the aglycone of which is salicylic alcohol. The
first phenolic glycoside isolated from plants - salicin (salicoside), is a B-glucoside of
salicylic alcohol. It was obtained from willow bark by the French scientist A. Leroux
(1829). It is with Salicin that the main types of action of willow are associated - anti-
inflammatory, analgesic and antipyretic [9, 22].

Arepresentative of flavones in willow is luteolin, which was found in the bark
of S. purpurea, the leaves of S. acutifolia, S. caprea, S. acutifolia, S. alba, S. triandra,
S. vestita, S. berberifolia, S. myrtilloides, S. saxatilis, S. pyrolifolia. In a hybrid of
Babylonian willow with white willow, luteolin-7-glycoside was found, which is also
found in the leaves of S. purpurea, S. acutifolia, S. caprea, S. elburensis, S.

acutifolia, S. alba. Another representative of flavones is apigenin, found and
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quantified in the leaves of S. saxatilis and S. recervigemmis. Flavonols have more
pronounced choleretic properties, represented by quercetin, found in S. triandra
(leaves and inflorescences) and leaves of S. acutifolia, S. alba, S. caprea, S. vestita,
S. berberifolia, S. myrtilloides, S. nummularia, S. recervigemmis, S. krylovii, S.
sphenophylla, and rutin, found in leaves and inflorescences of S. triandra, Salix alba
and Salix alba var. vitellina, and leaves of S. acutifolia and S. songarica Anderss [9,
10, 26].

It has been proven that such flavones as diosmetin and its glycosides (ca
preoside and salicaprioside), found in goat willow, have venotonic activity and are
used for varicose vemns, phlebitis and hemorrhoids, as well as in gynecological
practice. Flavonoids have a pronounced antiallergic effect, which is explained by the
violation of the release of allergy mediators. They restore the functions of cell
membranes through direct biochemical interaction, while simultaneously inhibiting
the activity of phosphodiesterase, which contributes to the accumulation of cAMP
in the cell. At the same time, more effective phosphodiesterase inhibitors are
flavones and flavonols contained in the above-listed willow species. Flavonoids, as
specific phosphodiesterase hibitors, are powerful regulators of nucleotide
metabolism and in this regard are of potential pharmacological interest [5, 9, 26].

Some species of willow, for example, S.caprea, contain ascorbic acid. This
compound is a powerful antioxidant and is also necessary for the regeneration of
other antioxidants, such as tocopherols and carotenoids. Ascorbic acid contributes to
the formation of connective tissue in the human body, exhibits enzymatic activity,
promotes the absorption of iron in the body, and has an antisclerotic effect.
Carbohydrates are natural compounds widely distributed in the plant world.

Willow has also been found to contain such biologically active substances as
essential oils, lipids and resinous substances, and enzymes. The ammo acid
composition of the leaves of S.acutifolia, S.caprea, and S. alba has been studied. It
is known that chemical elements are the most important catalysts of various
biochemical processes and metabolism, and play a significant role in the adaptation

ofthe body in normal and pathological conditions. The elemental composition ofthe
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bark of the willow has been studied. Important micro- and macroelements such as
nitrogen, phosphorus, calcium, magnesium, sodium, and potassium have been
identified [5, 10, 22, 26].

The chemical composition of white willow shoots was studied, showing the
presence of a rich complex of BAS (a high content of condensed group tannins
(epigallocatechin, catechin, epicatechin, epicatechin gallate, catechin gallate) was
established - in the amount of 3.5 to 9.0% at different periods of harvesting;
flavonoids (rutin, quercetin and 2 unidentified substances) in the amount of0.5-1.5%
in terms of rutin; phenolic acids (ferulic, salicylic, cinnamic) in the amount of 0.8%
in terms of ferulic acid; triterpene saponins (0.53% ); the salicin content was 0.05-
0.19%.).

Pharmacological studies have shown a pronounced antiexudative and
antiproliferative activity of a decoction of white willow shoots, comparable to
acetylsalicylic acid [10, 22, 26].

The use of willow shoots is attractive from an economic point of view, since
it allows to significantly expand the raw material base. In addition, the damage
caused to the plant during harvesting is reduced compared to traditional raw
materials (bark). It is important to note the large number of domestic willow species,
which belong to the dominant landscape species in places of increased humidity,
especially along the banks ofreservoirs and in river valleys, and are also successfully
cultivated, including on an industrial scale. At the same time, a characteristic feature
of plants of the genus Willow is the ability to grow rapidly, settle the substrate and
reproduce[5, 9, 10, 22, 26].

2.3. Characteristics of the research objects

The object of the research work was an extemporaneous gel of complex action
with water-soluble Melissa and Willow bark extracts. Excipients used m its
development: Methylparaben, Glycerin, Noveon®, Triethanolamine, Purified water.

Active pharmaceutical ingredients are Willow bark extract and Lemon balm

extract.
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Lemon balm extract is known for its properties to calm the nervous system
and improve mood. It is a natural adaptogen that helps reduce stress, anxiety and

depression. It can help ease sleep and reduce tension levels.

kewon suppLivenT
tfhid ounce 30 mi

Fig. 2.4. Lemon balm extract

Lemon balm extract also has anti-inflammatory properties and can support
skin health. It can help reduce skin inflammation, as well as soothe irritation and
redness [3, 21, 27].

Lemon balm extract 1s rich in various vitamins and minerals: vitamins C, E
and B-group vitamins. Vitamin C is a powerful antioxidant that supports the immune
system and protects cells from free radical damage.

Vitamin E promotes healthy skin, strengthens hair and nails, and supports eye
health. B vitamins are important for the normal functioning of the nervous and
cardiovascular systems.

Lemon balm extract contains amino acids and flavonoids. Amino acids,
(gamma-aminobutyric acid) help reduce stress levels and improve mood. Flavonoids
are powerful antioxidants that help reduce inflammation and protect cells from
damage [3, 27].

Lemon balm extract helps maintain the overall condition of the body, reduces

stress, and improves mental state.
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Melissa extract has antispasmodic, analgesic, and vasodilating effects (dilates

the lumen ofblood vessels), reducing blood pressure. Decoctions and teas are mainly

used for treatment. Melissa is part of herbal preparations for the treatment of various

diseases of the cardiovascular system, nervous system, and gastrointestinal tract

problems. It can be combined with calming herbal preparations based on
peppermint, lavender, and valerian [21, 27].

It has antispasmodic, analgesic, hypotensive, sedative, diuretic,
carminative, bactericidal effects, improves digestion, slows down breathing rate,
helps slow down heart rate, reduces the tension of intestinal smooth muscles,
stimulates the secretion of digestive enzymes. Research results have shown the
effectiveness of lemon balm extract in the treatment of acne. Oral and topical
application of lemon balm extract accelerates the healing process of wounds and
can act as a cardioprotective agent.

Lemon balm is used in medicine, perfumery, cosmetics, food, etc., in many
countries of the world [3, 21, 27].

Willow Bark Extract is a hydrophilic thick liquid of light brown color with

a faint specific odor.
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Fig. 2.5. White willow bark extract
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Willow Bark Extract is rich in tannins, vitamin C, glycosides salicin and
salingrin, lactic acid and other biologically active substances. The combination of
the astringent action oftannins with the antiseptic properties of salicin allows you to
use Willow Bark Extract as an anti-inflammatory, tonic, hemostatic component [5,
26].

The main active substances are glycoside salicin (which consists of salicylic
alcohol and glucose), flavones, ascorbic acid, tannins, pectins, lignin, anthocyanins.

Willow bark extract, has recently been noted to have the ability to mhibit
pathogenic bacteria and modulate inflammation. Willow bark extract is rich in
bioactive compounds such as salicin, flavonoids, and tannins, which are known to
disrupt cell membrane of bacteria, nhibit biofilm formation and interfere with
metabolic processes. Its anti -inflammatory activities, mhibiting NF-xB and
oxidative stress, provide a more comprehensive way to manage infected wounds.

Willow Bark Extract is used as a part of elixirs and toothpastes, extracts have
a healing and disinfecting effect on the gums and mucous membrane; in foot and
hand creams they contribute to the healing of wounds and cracks on the skin, in face
creams they have a light whitening effect [5, 26].

Willow Bark Extract activities:

» reduces rashes by inhibiting the action of P.acnes and S.aureus bacteria

» accelerates cell renewal

* has an anti-inflammatory effect

* brightens and evens out skin tone

« improves skin tone, helps increase collagen synthesis and reduce wrinkles.

Used in creams, masks, scrubs, bath products, lotions and deodorants for
excessive sweating (hyperhidrosis), foot baths for varicose veins and muscle fatigue,

for sweating feet. In shampoos, hair masks it is used for dandruff, itchy skin, hair

loss [5, 26].
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Excipients:

Methylparaben (Nipagin) - preservative (E218), colorless crystals or white
powder, molecular weight 152.15 g/mol. Itis a methyl ester of para-hydroxybenzoic
acid. Soluble in organic solvents, poorly soluble in water. Used as an antimicrobial

preservative in pharmacy, cosmetology and food industry.

Fig. 2.6. Nipagin (structural formula)

Chemical formula: C8H8O3

Description: colorless crystals or white transparent powder.

Methylparaben (methyl-4-hydroxybenzoate, methyl-p-hydroxybenzoate) -
an organic compound, methyl ester of para-hydroxybenzoic acid. Under normal
conditions, it is a white powder, poorly soluble in water. It dissolves well in acetone,

cthanol, chloroform [19].

Triethanolamine (TEA) is a colorless organic compound, readily soluble in

water, and exhibits the properties of a weak base.

HO

—~ o

Fig. 2.7. Triethanolamine (structural formula)


https://commons.wikimedia.org/wiki/File:Sample_of_Triethanolamine.jpg?uselang=ru
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Description - colorless liquid, miscible with water in all respects, weak base.

Chemical formula: (HO-CH2CH2)3N

Systematic name: N, N- (2-hydroxyethyl) -2-aminoethanol.

Physical properties: molar mass - 149.19 g / mol, density - 1.124 g / cm’,
melting point - 22 ° C, boiling point - 335 ° C, « flash pomt - 179 ° C

Solubility n water 149 g/ 100 ml. Used as a stabilizer and pH regulator in
pharmaceuticals [30].

Noveon® polycarbophil

Fig. 2.8. Noveon

Noveon® AA-1 Polycarbophil, USPis a high molecular weight acrylic acid polymer
crosslinked with divinyl glycol. This polymer serves as an excellent mucoadhesive
excipient and is widely used for the delivery of active ingredients to mucous
membranes. Noveon can provide enhanced lubrication for ophthalmic drug products
and excellent controlled release characteristics for oral drug products. This excipient
1s suitable for use in bioadhesive LFs for nasal, vaginal, and rectal applications and
is effective for use in both aqueous and non-aqueous systems. It is used as a
mucoadhesive excipient for the delivery of active pharmaceutical ingredients to
mucous membranes. Effective in both aqueous and non-aqueous systems [12, 23,

38].
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Glycerin

o A

Fig. 2.9. Glycerin (structural formula)
CH2(OH)CH(OH)CH20H Mol. m. 92.09

Glycerin - (DFU), glycerol, Glycerolum (Ph Eur), Glycerol (BP), Glycerin
(USP), Propane-1,2,3-triol, (CAS No. 56-81-5). C3H803. G is a syrupy liquid,
sticky to the touch, sweet to the taste, odorless, transparent, colorless or almost
colorless, very hygroscopic, absorbs moisture from the air (up to 40% by weight).

Physicochemical properties:

- Melting point: 17.9°C

- Boiling point: 290°C (with slight decomposition)

- Density: 1.260 g/cm3

- Miscible with water, alcohols; poorly - with organic solvents.

Contained in natural fats and oils in the form of triglycerides. Industrially
obtained by hydrolysis of fats or synthetically. In pharmacy, it is used as a softener,
moisturizer, increases adhesion, affects the rheological properties of drugs. Improves
the penetration of substances through the skin. Exhibits antimicrobial properties at
high concentrations. Store in a sealed stainless steel container.

Used as a solvent for some APIs, is part of suppository bases. Has a laxative

and dermatoprotective effect [38].

Purified water, Aqua purificata (Ph Eur), Purified Water (BP; JP; USP),
Water (CAS No. 7732—18-5); syn.: Aqua; hydrogen oxide.
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Fig. 2.10. Purified water

Purified water is a transparent, colorless liquid without taste and smell.,
chemical formula H,O, Mol. m.18.02

Main physical and chemical characteristics:

- Boiling point: 100°C

- Melting point: 0°C

- Density: 0.9971 g/cm3 (at 25°C)

- Refractive index: 1.3330

- Surface tension: 71.97 mN/m (25°C)

Mixes well with polar solvents. Can interact with some substances to form
hydrates. Used in pharmacy as an auxiliary substance, solvent. Obtained by
purifying drinking water by distillation, ion exchange, reverse osmosis. Stored in
tightly closed containers for 3 days under conditions that prevent microbial

contamination [24, 31, 37].

2.4. Research methods
During the work, research methods were used, which allow for an objective

assessment of the gel samples.
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Determination of pH of aqueous gel solutions

A 2.5 gportion of gel was dissolved n 22.5 ml of purified water, the solution
was stirred with a glass rod for 10 min for sedimentation, the pH was measured using
a pH meter with a glass electrode. Measurements were carried out at room
temperature, in 6 parallel determinations, after which the pH ofthe resulting aqueous
dispersion was determined potentiometrically (SPU 2.0.) [37].

Optical microscopy

Microscopy of gels was carried out using a Granum R-40 laboratory
microscope with a built-in digital video camera, at magnifications of 40, 100 and

400 times.

Study of antimicrobial activity of ointments

Microbiological studies were conducted in the laboratory of biochemistry of
microorganisms and nutrient media of the State Institution "IMI named after LI
Mechnikov of the National Academy of Sciences of the Republic of Ukraine" under
the supervision of senior researcher Osolodchenko T.P.

For the study, reference test cultures of gram-positive and gram-negative
bacteria belonging to different taxonomic groups were used: Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, Bacillus subtilis ATCC6633, Proteus vulgaris ATCC 4636. The antifungal
effect of the sample was studied on the reference strain Candida albicans ATCC
885-653.

Conclusions to chapter 2
2.1. Taking mnto account the therapeutic activity of BAS, the use of Lemon
balm and Willow bark extracts as the main APIs are theoretically justified.
2.2. The properties of excipients necessary for the preparation of
extemporaneous gel are presented.
2.3. Methods for studying samples of the developed extemporaneous gel are

presented.
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CHAPTERIII
DEVELOPMENT OF EXTEMPORANEOUS GELWITH LEMON
BALM AND WILLOW BARK EXTRACTS AND ITS TECHNOLOGICAL
PROPERTIES INVESTIGATION

3.1. Theoretical substantiation of the extemporaneous gel composition
with Lemon balm and Willow bark extracts

The problem of diagnosis and treatment of infected wounds, despite the rich
experience and constant scientific research in this direction, does not lose its
relevance. Infectious complications increase the postoperative mortality rate, the
amount of treatment costs, the number of additional days spent in the hospital. This
indicates the significant medical and socio-economic significance of the problem of
prevention and the need to increase the effectiveness of treatment [1, 36].

The therapeutic value of medicinal plants is determined by the biologically
active substances included in their composition. At the same time, hundreds of BAS
are synthesized simultaneously in each of the medicinal plants, which have a total
pharmacological effect. Additional study of previously studied and long-used
medicinal plants sometimes allows us to identify a new aspect of their biological
activity [6, 15, 22, 21].

Considering the above, the development of modern delivery systems of plant
extracts or phytocompounds for local treatment of wounds of various etiologies
remains an urgent task for modern scientists[12, 20].

The study of the chemical composition of various species of willow (Salix L.)
began in the 18th century. The history of use and the chemical composition of some
species of willow are quite fully described in scientific publications.

At the moment, it is known that the mam active substances of the studied
species of willow are phenolic glycosides, flavonoids, tannins, and also include
phenolic acids, ascorbic acid, amino acids, saponins, essential oils and
polysaccharides, which can contribute to the overall pharmacological effect. It is

known that the quantitative content of BAS in the bark and leaves can vary in
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different phases of vegetation and depends on growth conditions. The rich chemical
composition is characteristic not only of willow bark, but also of leaves,
inflorescences, and shoots. The use of this raw material is attractive from an
economic point of view, as it allows to significantly expand the raw material base
[5, 22, 26].

Willow Bark Extract is a source of salicylic acid-like substances. Willow bark
extract has established itself as one ofthe main herbal remedies for pain management
and acts as an anti-inflammatory analgesic. In the cosmetic industry, willow bark
extracts are used as a natural source of salicylic acid. Willow bark extract provides
the benefits of salicylic acid, such as exfoliation and antimicrobial action, without
irritation.

Willow Bark Extract is water soluble and can be used to improve cell renewal,
act as a natural antimicrobial agent or as a substitute for synthetic salicylic acid.

Willow Bark Extract accelerates cell renewal, acts as a natural antimicrobial
agent, or can be a substitute for synthetic salicylic acid. Therefore, it is excellent for
anti-acne products, to reduce inflammation and associated redness, to normalize
sebum secretion, suppress unpleasant body odors. According to the Society of
Investigative Dermatology, willow bark extract offers significant benefits over
salicylic acid, such as exfoliation and antimicrobial action, without any of the
irritation that typically accompanies its use [9, 22].

The natural salicylates found in black willow bark provide UV protection and
reduce irritation. In addition, willow is useful for increasing the rate of cellular
turnover, allowing for the exfoliation of dull, dead skin cells. In standardized form,
black willow bark extract provides consistent levels of salicylic acid, allowing it to
be used as an active ingredient. Results show that ACB willow bark extract was able
to increase cell turnover by 27% compared to an untreated control.

Main properties:

e Antibacterial action (especially against microorganisms involved in acne

formation: Propionibacterium acnes, Staphylococcus aureus)
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e Anti-inflammatory and anti-acne: reduces symptoms associated with
nflammation

e Smoothing and regenerating: a powerful exfoliant with a "peeling" effect that
gently stimulates cell regeneration, improving the overall appearance of the
skin and eliminating damage left by acne and pigmentation spots, wrinkles,
fine lines and uneven skin tone

e Reduces roughness, prevents keratinization, smoothes and softens the skin,
prevents the appearance of calluses

e Dandruff: keratolytic (elimmnates dandruff), antibacterial (cleanses the scalp)

e Used as an antiseptic, preservative

e Strong antibacterial activity [9, 22].

The properties of lemon balm extract are due to the rich composition of
medicinal plant raw materials. Lemon balm herb (Herba Melissae) contains essential
oil (up to 0.33%), tannins (up to 5%), bitterness, mucus, sugars, caffeic, succinic,
chlorogenic, oleanolic and ursolic acids, mineral salts. Lemon balm leaves contain
essential oil - up to 1%, which includes: citral - 60%, citronellal, myrcene, geraniol,
linalool, cineole, aldehydes; tannins - about 5%; resins; organic acids: succinic,
caffeic, chlorogenic; triterpenic acids: oleanolic, ursolic; vitamin C - 150 mg%,
carotene - 7 mg%; not less than 5% ofhydroxycinnamic acid derivatives, which have
the common name rosmarinic acid; mucus; bitterness; macro- and microelements:
K, Ca, Mg, Fe, Mn, Cu, Zn, Mo, Cr, Al, Ba, S, Pb, B; concentrate Se. The seeds
contain up to 20% fatty oil The extract of lemon balm contains flavonoids
(quercitrin, rthamnocitrin, luteolin), polyphenolic compounds (rosmarinic, caffeic
and protocatechuic acids), monoterpenoid aldehyde, monoterpene glycosides,
triterpenes (ursolic acid, essential and oleanolic acids). When applied externally, the
extract exhibits antispasmodic, analgesic, antimicrobial, antihistamine, antiviral
activity, and is an antioxidant. The plant juice is used to treat allergic dermatitis. The
leaf extract has an effective sedative effect. It is also used externally for furunculosis,

rheumatism, bruises and ulcers, gingivitis and toothache [2, 8, 17, 21].
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In the process oftechnological research, an important stage is to establish the
compatibility of active pharmaceutical ingredients (API) and excipients in the
composition of soft dosage forms. For this purpose, the properties of potential
ointment bases were analyzed. For example, vaseline-lanolin ointments with
antibiotics forthe treatment of burns show only a short-term effect, since such a base
prevents the outflow of wound exudate, does not sufficiently release the API and
does not promote deep penetration of substances into the skin. This can lead to the
transition of acute inflammation into a chronic form [1, 4, 36].

For the treatment of wounds in phase III, gels based on carbomers have
become widespread due to their low toxicity and ability to effectively moisturize
damaged tissues. Therefore, the development of carbomer-based gels with extracts
of medicinal plants is relevant [20, 25, 29].

Thus, the use of extracts Lemon balm and Willow bark as APIs for the

preparation of extemporaneous gel is relevant.

Result composition of the studied extemporaneous gel:

Melissa extract 0,5

Willow bark extract 0,5
Methylparaben 0,01
Glycerin 1,0
Noveon® 0,1
Triethanolamine up to pH 5,0
Purified water up to 10,0
Characteristic:

The given medicine is a extemporaneous gel containing soluble in water API

Lemon balm and Willow bark extracts.
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3.2. Geltechnologyin laboratory conditions
Stages of the technological process

1. Preparatory stage: (pharmaceutical examination of the recipe;
calculations; preparation of auxiliary materials, API and excipients).

2. Technology:

2.1. Measuring water in a measuring cylinder and transferring to a stand.

2.2. Weighing out API (extracts of Melissa and Willow bark) and dissolving
them in water.

2.3. Weighing out excipients (methylparaben, Glycerin, Noveon) and
dissolving them in water.

2.4. Mixing.

2.6. Adding triethanolamine to pH 5.0 of the aqueous solution. Gel
formation.

2.7. Mixing until homogeneous.

3. Quality control: written control, physical control (weight deviation),
organoleptic control, checking the PPC.

4. Packaging. Labeling (labeling).

5. Control during release.

3.3. Establishment of absence of microbial contamination of
extemporaneous gel

The team of authors (V. V. Kovalev, N. V. Borodina, V. M. Kovalev, V. M.
Kovalev) studied the antimicrobial activity of ointments with the lipophilic extract
from Salix viminalis L. Shoots and proved pronounced antimicrobial activity against
strains of Staphylococcus aureus, Escherichia coli, Proteus vulgaris, Pseudomonas
aeruginosa, Bacillus subtilis and Candida albicans extract Salix viminalis L. [32].

The results of the study of microbial contamination of a gel samples containing
extracts of Melissa and Willow bark when stored for a month in dark glass jars are
given in Table 3.1. To level out the inherent levels of antimicrobial activity of the

ointment, it was analyzed at a dilution of 1:100. Drug category 2.
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According to the results of microbial contamination control, the number of

colony-forming bacteria in the ointment solution 1:100 did not exceed 50, and fungi

100 per 1 g of the drug, for the entire storage period. Bacteria of the families

Staphylococcus aureus, Enterobacteriaceae, Bacilus subtilis, Pseudomonas
aeruginosa were not detected in the test samples.

Table 3.1.

Results of microbial contamination of the studied extemporaneous gel

.. |Number of CFU\g Availability m 1 g
Shelf life,
, Esch. Bac. Ps.
months  |bacteria |mushrooms |S? aureus . - :
coli subtilis  |aeruginosa
7 days <50 <100 Missing [Missing |Missing |Missing
15 days |<50 <100 Missing |Missing |Missing |Missing

Note n=6, P=95%

Thus, the conducted studies allow us to state that the manufactured samples of
of extemporaneous gel remain stable throughout the entire storage period, and the
deviations are within the norms. Based on the conducted studies, the shelf life of the

drug is set at 14 days.

3.4. Determination of the size of gel particles

Microscopic examination and measurement of the linear dimensions of gel
particles were carried out using a Granum R-40 laboratory microscope with a built-
in digital camera DCM 310 and achromatic objectives with a magnification of 4x,
10x, 40x.

The use of this equipment allowed us to visualize the particles and conduct
their morphometric analysis using the Toup View 3.7 program. To prove the
homogeneity of the gel, its microscopy was performed according to the method

given in section 2, the results are presented in Fig. 3.9. and 3.10.



Fig. 3.1. Gel sample at a magnification of x40

Fig. 3.2. Gel sample at a magnification ofx100

Fig. 3.3. Gel sample at x400 magnification
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According to the results of microscopy, it can be concluded that the
distribution of API particles in the gel is uniform, there are single insoluble particles,

the size of which does not exceed 100 micrometer.

3.5. Determination of pH of gel samples
The pH value is a pivotal indicator that influences the stability of gel systems
during storage, the nature of the interactions between components, as well as the

biological activity and therapeutic efficacy of the drug [37].

Table 3.2.
The results of the extemporaneous gel pH determinition
mn| X; | X S? Sep | P | t(P,n)| Confidence mterval | ,%
112 3 4 5 6 7 8 9
5,11
5,15
615 z’ij 5,0983 10,003896667| 0,0255 | 0,95 2,78 5,0983 |+ 0,0708 1,3896
5,06
4,99

The pH of 10% aqueous solutions of the gel samples was measured by
potentiometric method in accordance with the generally accepted methodology and
requirements of the State Pharmacopoeia of Ukraine [20, 30].

The findings of the studies indicated that the pH level was 5.1 +0.07.
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Conclusions to chapter3

1. The composition of the gel containing Lemon balm extract 5%, Willow bark
extract 5%, glycerin 10%, methylparaben, triethanolamine, purified water and
Noveon® 1% was theoretically substantiated. The gel technology was developed.

2. The absence of microbial contamination of extemporaneous gel samples for
14 days was established.

3. The uniform distribution of gel particles and the presence of single insoluble
particles were proven by the sieve microscopy method.

4. When determining the pH of the gels, it was established that the pH value
is within 4.99-5.15.

5. Based on the conducted research, the technology of extemporaneous gel

with Lemon balm and Willow bark extracts was developed.
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GENERALCONCLUSIONS

. The problem of treating wounds complicated by an infectious component
remains relevant for modern pharmaceutical science.

. Based on the analysis of literary sources, the feasibility of developing soft
dosage forms using modern bases containing APIs of natural origin has been
substantiated.

. The BAS complex containing Lemon balm and Willow bark extracts allows
us to consider this plant APIs as promising foruse in the development of SMF.
. Based on the analysis of literary sources, the relevance of developing an
extemporaneous gel with Lemon balm and Willow bark extracts was
substantiated.

. The conducted studies allow us to state that the manufactured samples of
extemporaneous gel remain stable throughout the storage period 14 days and
the deviations are within the norms.

. According to the results of microscopy, it can be concluded that the
distribution of API particles in the gel is uniform, there are single msoluble
particles.

. In determining of extemporal gel pH found that the pH value is 5.1 &+ 0.07.

. Based on the conducted studies, a sample of extemporaneous gel with Lemon
balm and Willow bark extracts can be recommended for further research in
order to expand modern SMFs itended for the treatment of purulent-

inflammatory skin diseases and infectious-complicated of wound processes.
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Cermia 5
«BIOEAPMATTFBTHYHI ACTIERTH CTBOPEHH A ERCTEMITOP ATTRHIT JTIE APCERIT 3ACORE:

THE RELEVANCE OF DEVELOPING AN EXTEMPORANEOUS GEL
WITH LEMOXN BATLM AND WILLOW BARK EXTRACTS
Ayoub Choulri Hamioni, Kovalova TM., Oliinyk 5.V,

Scientific superviser: Kovalow V.V,

Naticnal University of Phanmacy, Kharkiv, Ukraine
Vi @ gmail com

Introduction. Bational wound treatment is one of the most acute and complex problems of
our time, the effective solution of which will concern more than one generation of doctors and
pharmacists. The problem of wound treatment, despite the great variety of proposed methods and
drmgs, remains relevant.

Infections complications increase the postoperative mortality rate, the amount of treatment costs, the
mumber of additional days spent in the hospital This indicates the significant medical and socic-econonmic
significance of the problem of prevention and the need to increase the effectiveness of treatment.

The therapeutic value of medicinal plants is determuned by the biologically active substances
inchuded in their composition At the same time, hundreds of active phammacentical ingredients (APIs)
are synthesized simmltanecusly in each of the medicinal plants, which have a total pharmacological
effect. Additional study of previously studied and long-used medicinal plants sometimes allows vs to
identify a new aspect of their biclogical activity.

Aim. To study the relevance of developing an extemporanecus gel with Lemon balm (Melissa
officinalis) and Willow bark (Salox Vinunalis 1) extracts.

Materials and methods. To achieve this goal we used general scientific research methods:
anahysis, synthesis, comparison, generalisaion, companson, systematisation to process the literature data.

Results and discussion. The properties of Lemon balm extract are due to the nich composition
of medicinal plant raw materials. Lemon balm herb (Herba Melissae) contains essenfial oil (up to
0.33%), tanins (up to 5%), bitterness, nmens, sugars, caffeic, succinie, chlovogenic, oleanolic and
wrsolic actds, mineral salts. Lemon balm leaves contain essential oil —up to 1%, which inclodes: citral —
60%, citronellal, myrcene, geraniol, linalool, cinecle, aldehydes; tanning — abowt 5% resins; organic
acids: succimic, caffeic, chlorogenic; triterpenic acids: oleanolic, wrsolic; witamin C — 150 mg%a,
carotene — 7 mg%e; not less than 5% of hydroxycinnamic acid denvatives, which have the conmnon
name rosmarinic acid; mmcus; bitterness; macro- and microelements. The extract of lemon balm
contains flavoneids (gquercitrin. thamnocitnn, heteolin), polyphenclic compounds (rosmarinic, caffeic
and protocatechmic acids), monoterpencid aldehyde, monoterpene glycosides, triterpenes (wsolic acid,
essential and oleanolic acids). When applied externally, the extract exhibits antispasmodic, analgesic,
antimicrobial, antihistamine, antiviral activity, and is an antioxidant. Temon balm water is a component
of anticommlsant mixtures, and essential oil is a component of Sanitas liniment. The plant juice is used
to treat allergic dermatitis. Leaf extract has an effective sedative effect. It is alse nsed externally for
firnenlosis, thenmatism, bruises and uleers, gingivitis, and toothache.

The study of the chemical composition of various species of willow (Salix L) began in the
18th century. The history of use and the chenuical composition of some species of willow are quite
fully described in scientific publications.

At the moment, it is known that the main active substances of the stodied species of willow
are phenclic glycosides, flavenocids, tanmins, and also include phenolic acids, ascorbic acid, amino
acids, sapomins, essential oils and polysacchandes, which can comtribute to the owverall
pharmacological effect. It is Imown that the quantitative content of BAS mn the bark and leaves can
change in different phases of vegetation and depends on the growing conditions.
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Cue of the main representatives of biclogically active substances of the willow fanuly is
phenclic glycosides, the aglycone of which is salicylic alcohol. The first phenolic glycoside isolated
from plants — salicin (salicoside), 15 a f-ghicoside of salicylic alcchol. It was obtained from willow
bark by the French sciemtist A Leroux (1829). The main types of action of willow — anti-
inflammatory, analgesic, and antipyretic — are associated with salicin.

Thus, the nse of Salix Vinunalis I extract as an APT for the preparation of gels is relevant.
Further studies are planned to clanfy the concentration of the extract and investigate the severity of
antimicrobial activity.

Conclusions. Considering the above, we consider it rational and relevant to develop soft
dosage forms with extracts of Lemon balm and Willow bark for the treatment of wounds of vanous
eticlogies. The focus on natural APls with antinucrobial, anti-inflammatory. soothing and
moisturizing properties emphasizes the transition to a more holistic and effective treatment of wounds
and demonstrates a strategic approach to creating a stable and suitable senu-solid dosage form.

PROSPECTS FORE. THE DEVELOPMENT OF MEDICINAL PRODUCTS
WITH IMPFROVED SOLUBILITY OF THE ACTIVE SUBSTANCE
Dilai Fadwa
Scientific supervisor: Vyshnevska LL
Wational University of Pharmacy, Kharlov, Ukraine
atlimmmph eduna

Intreduction. Chal route of drog adnumistration 15 the simplest and most convement, but at
the same time there is a problem of bioavailability of active substances, in particolar poerly soluble
in water. One of the options for sclving this problem is the infrodoction of poorly soluble substances
i the composition of self-emmlsifying compositions (SEC). In this case, the possibility of oral
administration is preserved, and solubility, absorption in the gastrointestinal tract and bicavailability
are increased. This effect is achieved by proper matio of excipients such as sclvent, surfactant
(surfactant) and co-surfactant (co-surfactant).

Aim. Fesearch of prospects for the development of medicinal products with improved
solubility of the active substance.

Materials and methods. Literature sources were analvzed in order to study the peculiarities
of compeosttion, technology, research of SEC, as well as the prospects for the development of a new
drug based on SEC.

Results and discussion. SEC are special dmg delivery systems f or oral admimistration, the
active pharmaceutical ingredients (APT) of which are insoluble or pootly water-soluble substances.
In a classical embodiment, an SEC consists of a solvent, a surfactant and a co-surfactant. The solvents
depend on the nature of the AFI. They can be fatty acids, vegetable cils, more modern — acetylated
mone-, di-, tnghyeerides of fatty acids. Among surfactants. sodivm lawyl sulfate and polysorbates
are mote conumen Co-swfactants are polyethylene glyeol-400 and poloxamers.

Additional substances found in modern literature are emollients and enhancers (glycenin,
sopropyl myristate, diethylene glycol). They accelerate the absorption of active substances in the
stomach. Due to this composition, when entering the stomach, SEC under the action of gastnic juice
spontaneonsly enmilsifies. forming a microenmlsion of oil-in-water type. Reduction of the particle
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on the topic: «Composition substantiation and technology development
of extemporaneous gel with Lemon balm and Willow bark extracts »

Relevance of the topic. Rational wound treatment is one of the most acute
and complex problems of our time, the effective solution of which will concern more
than one generation of doctors and pharmacists. The problem of wound treatment,
despite the great variety of proposed methods and drugs, remains relevant. Infectious
complications increase the postoperative mortality rate, the amount of treatment
costs, the number of additional days spent in the hospital. This indicates the
significant medical and socio-economic significance of the problem of prevention
and the need to increase the effectiveness of treatment. The therapeutic value of
medicinal plants is determined by the biologically active substances included in their
composition. At the same time, hundreds of active pharmaceutical ingredients are
synthesized simultaneously in each of the medicinal plants, which have a total
pharmacological effect. Additional study of previously studied and long-used
medicinal plants sometimes allows us to identify a new aspect of their biological
activity. Master's thesis of Ayoub Choukri HAMIOUI dedicated to this topical issue.

Practical value of conclusions, recommendations and their validity. In the
course of composing the thesis, the master's student conducted a thorough analysis
of extant literature concerning the relevance of formulating an extemporaneous gel
comprising lemon balm and willow bark extracts. This analysis encompassed the
identification of active principles, the rational selection of dosage form, and the
theoretical substantiation of the optimal gel composition. Additionally, the analysis
addressed the substantiation of the gel base composition and the development of the
extemporaneous gel technology, along with the determination of its technological



properties.

Assessment of work. The master's work was completed at a high modern
level. The master's student successfully solved all tasks. The results of the work are
of practical interest.

General conclusionand recommendations onadmission to defend. Ayoub
Choukri HAMIOUI's Master's thesis can be submitted for defense to the
Examination Commission of the National Pharmaceutical University for the
assignment of the educational qualification level of Master of Pharmacy.

Scientific supervisor Volodymyr KOVALOV
«13» of May 2025




@D A 2.2.1-32-356
REVIEW
for qualification work of the master's level of higher education, specialty 226
Pharmacy, industrial pharmacy
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on the topic: «Composition substantiation and technology development

of extemporaneous gel with Lemon balm and Willow bark extracts »

Relevance of the topic. The rational treatment of wounds represents a
significant contemporary challenge, the effective resolution of which will
necessitate the collaborative efforts of multiple generations of medical professionals,
including doctors and pharmacists. Despite the extensive array of proposed
methodologies and pharmaceutical agents for wound treatment, this problem persists
as a salient one.

Prolonged postoperative infections have been demonstrated to increase the
mortality rate, the costof treatment, and the number of additional days spent in the
hospital. This finding underscores the profound medical and socio-economic
implications of the problem of prevention and underscores the necessity to enhance
the efficacy of treatment. The therapeutic value of medicinal plants is determined by
the biologically active substances included in their composition. Concurrently, a
multitude of active pharmaceutical ingredients are synthesized in each medicinal
plant, resulting in a collective pharmacological effect. Further examination of
medicinal plants that have been the subject of prior study and long-standing
utilization can, on occasion, unveil hitherto unobserved facets of their biological
activity.

Theoretical level of work. The research conducted by Ayoub Choukri
HAMIOUI is focused on the development of an extemporaneous gel comprising
lemon balm and willow bark extracts. This endeavor involves a comprehensive
analysis of extant literature to establish the theoretical underpinnings of the optimal
gel composition. Additionally, the study aims to substantiate the composition of the
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gel base, thereby ensuring its efficacy and safety.

Author's suggestionsonthe research topic. The master's student conducted
theoretical and experimental studies on the justification of the choice of active and
auxiliary substances of extemporaneous gel with Lemon balm and Willow bark
extracts, studied its stability during storage, proposed a rational technology of gel.

Practical value of conclusions, recommendations and their validity. On
the basis of the conducted research, extemporaneous gel with Lemon balm and
Willow bark extracts, is proposed for practical implementation. The obtained results
can be used for the purpose of expanding the assortment of extemporaneous
preparations.

Disadvantages of work. According to the text of the work there are some
typographical errors, bad expressions. However, this does not reduce the value of
the work and does not call into question the results obtained.

General conclusionand assessment of the work. The qualification work of
the applicant deserves high marks, meets the requirements and can be submitted for
official defense to the examination commission of the National University of

Pharmacy.

Reviewer assoc. prof. Dmytro SOLDATOV

«15» of May 2025
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MIHICTEPCTBO OXOPOHM310OPOB’s1 YKPAIHI/I
HAIIOHAJIbHAN ®APMAIIEBTHYHUI
YHIBEPCUTET

BUTAI 3 IPOTOKOJY Ne _17
« 19 » TtpaBusa 2025
POKYy M. XapKiB

3acinanua kadgeapu
anmeynoi mexmnono2iiiiKie
(Ha3Ba Kadenpn)

IosoBa: 3aBinyBauka kadeapu, npodecop Bumnescrka JI. 1.
CexpeTap: noxt. ¢ir., ac. bormap JI.A.

IMPUCYTHI:

npod. [Tonosko H.IL., nmpod. Cemuenko K.B., mpod. 3yitkina C.C., go1.
KosansoBa T.M., noi1. bypsik M.B., nou. Kosanibos B.B., nou. Omitnuk C.B., noti.
Mapuenko M.B., ac. IBantok O.I.

MNOPSAJOK JJEHHUM:

1. Ilpo mpexacTaBieHHS A0 3aXUCTy KBamdikamiiHUX pooIiT 3100yBaviB
BUILIOT OCBITH.

CIYXAJIN: npo¢. Bummencbky JI. I. — npo npeactaBieHHs A0 3aXHUCTY
1o EkzaMenariiiiHo1 komicii kBamidikauiiHux pooiT 37100yBaviB BUILIOT OCBITH.

BUCTYIWIN: 3no6yBau Bumoi ocsitn Tpynu Phml19(4,10d) eng 04
criermanbHOCTI 226 «®apwmarrisg, mnpomucioa (apmarisi» Ayoub Choukri
HAMIOUI — 3 nonosimato Ha TeMy « Composition substantiation and technology
development of extemporaneous gel with Lemon balm and Willow bark extracts»
(HaykoBui KepiBHUK, 1o1l. Bonoaumup KOBAJIBOB).

YXBAJIWIM: PekoMmenayBaTH 10 3aXUCTy KBam(ikaliiiHy poooTy.
I'os1i0Ba

3aBinyBauka kadenpu, npod. Jlimis BUIITHEBCBKA
(mmimmc)

Cexperap

ACHUCTEHT JIro6oB BOJIHAP

(mipmuc)
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HAIIIOHAJIbHUM ®APMAIEBTUYHNNA YHIBEPCUTET

MOJAHHS
I'OJIOBI EK3AMEHAIINHOI KOMICII
IIOJ10 3AXUCTY KBAJII®IKALIMHOI POBOTU

Hanpasnsietsess 3m00yBau Bumoi oceirm Ayoub Choukri HAMIOUI no 3axucry
KBaUTiiKaI iifHOT poOOTH
3a rajty33to 3HaHb 22 OXopoHa 3/10poB’s
cnenianpHicTIO 226 ®apmartis, mpoMucioBa dhapmairis
OCBITHBOIO TIporpamoro Papmarris
Ha Temy: «Composition substantiation and technology development of extemporaneous
gel with Lemon balm and Willow bark extracts»

Ksamidikariina po6oTa i pereH3ist J01al0ThCS.

JlekaH (axyabTeTy / Muxosna I'OJIIK /

BucHoBok kepiBHUKa KBagdi(ikauiiinoi podoTu
3n06yBau Bumoi ocsir Ayoub Choukri HAMIOUI npencraBuna kamidikar iitHy po0oTy,
sKa 32 00’€MOM TEOPETHYHUX Ta MPAKTUUYHHUX JOCTIHKEHb MOBHICTIO BIIMOBINAae BUMOTaM JI0

odopmieHHs KBamipikal ifHUX poOir.

KepiBHuk kBamidikan iitHoi podoTn

Bonogumup KOBAJIBOB

«13» tpaBus 2025 p.

BucnoBok kadgenpu npo kBagdigikauiiiny podory

Kpanidikaniiiny poboty po3risayro. 3100yBau Buwioi ociru Ayoub Choukri HAMIOUI
JIOTTYCKAETHCS JI0 3aXUCTy JaHOi KBamidikaliiiHoi pobotu B Ex3ameHaniiHiil KOMicii.

3aBigyBauka Kadeapu
aTEYHOI TEXHOJIOT JIIKIB

Jlinis BunmHeBchka

«19» tpaBHsa 2025 p.
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