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ANOTATION

Qualification work contains of 48 pages, 5 tables, 5 figures, a list of
references from 59 names.

To dissolve a warehouse of tablets for the treatment of nervous disorders, it
Is advisable to use pharmaceutical additives - extract of Rhodolia erysipelas and
quercetin. On the basis of the complex, additional words were added. A technology
for storing chewable tablets has been developed.

Key words: tablets, rhodiola, quercetin, technology.

AHOTALIA

Kamidikariitna pobota MicTuTh 48 CTOpPIHKH, 5 TaOnuilb, 5 PHUCYHKIB,
CIIUCOK JIiTepaTypu 3 59 HailMeHyBaHb.

Jlns po3poOKku ckiagy TaOJeTOK JJisl Teparii HEPBOBUX PO3JIaJiiB OOpaHi
aKTUBH1 (papMalleBTHYHI 1HIPEIEHTH MPUPOJHOTO TOXOJKEHHS — EKCTPaKT
OO POKEBOI Ta KBepueTHH. Ha miacTaBl KOMIUIEKCY MOCTIKEHb MiIi0paHi
JIOTIOMI>KHI pe4OBUHU. PO3p0O0IIEHO TEXHOJIOT1I0 OJIEp>KaHHS )KyBaJIbHUX TaOJIETOK.

Knrouosi cnosa: TabneTku, pojiona, KBEpIETHH, TEXHOJIOT1S.
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INTRODUCTION

Relevance of the research topic. According to the WHO, a person is in a
state of psycho-emotional stress on average every 25 minutes. The modern
pharmaceutical market offers a number of medicinal products (MPs) with
pharmacological effects aimed at preventing and eliminating psychoemotional
stress. The vast majority of such drugs contain active pharmaceutical ingredients
(APIs) of chemical origin. However, the global pharmaceutical market is growing
in demand for medicines of natural origin. For example, the Ukrainian
pharmaceutical market offers Rhodiola rosea extract, which is a tonic and
adaptogenic drug. At the same time, in some cases, the use of liquid rhodiola
extract is limited due to the content of ethyl alcohol.

Given the antioxidant effect of quercetin, it is considered appropriate to
develop a drug that combines the general tonic effect of dry Rhodiola extract and
the capillary stabilizing activity of quercetin in the form of chewable tablets. The
advantages of this dosage form are that it can be used by almost all age groups,
since it does not contain alcohol. [1-4].

Current pharmaceutical market does not have such a drug, a number of
issues need to be resolved regarding pharmaceutical development, including:
determining the composition, technological scheme of production, methods of
technological control, pharmacological effect, etc.

In connection with the above, the development of a medicinal product
containing dry extract of Rhodiola rosea and quercetin in the form of chewable
tablets is an actual task today.

Objective of the study. Rationale for the development of a technology for a
medicinal product in the form of chewable tablets based on a dry extract of
Rhodiola rosea and quercetin.

Achieving this goal required solving the following research tasks:



1. To analyze the literature data on the current state of use of adaptogens
and general tonic drugs.

2. To study the assortiment of the Ukrainian pharmaceutical market for the
presence of drugs with adaptogenic and tonic activity based on natural rhodiola
and quercetin dry extract.

3. Justify the methodology for creating a medicinal product in the form
of chewable tablets.

4. To develop the composition and technology of chewable tablets with
rhodiola extract and quercetin based on a set of pharmacological, technological,
physicochemical studies.

Objects of study: dry extract of Rhodiola rosea, quercetin, mass for
granulation, granulate, chewable tablets with adaptogenic and tonic activity.

Subject of the study: composition and technology of chewable tablets with
adaptogenic and tonic activity.

Research methods: bibliosemantic (to summarize the results of the literature
analysis); organoleptic, physicochemical and pharmacotechnological (to
substantiate the composition and technology of chewable tablets with rhodiola
extract and quercetin); statistical (to study the optimal tableting parameters).

Approval of research results and publications. Fragments of the master's
thesis are covered in the publication:

Asaad M., Ruban O. A. Studies of the pharmacotechnological properties of
the Rhodiola rosea and Quercetin extract powder. Problems and Achievements of
Modern Biotechnology: Materials of the Il International Scientific and Practical
Internet Conference, Kharkiv, 24 March 2023. Kharkiv: NUPh, 2023. P. 47-48.

Structure of the work. The master's thesis is presented on 48 pages of
printed text and consists of the following structural elements: introduction,
literature review (Chapter 1), experimental part (Chapters 2-3), general
conclusions, references, which includes 59 sources. The paper is illustrated with 5

tables and 5 figures.



SECTION 1
MAIN DIRECTIONS OF DEVELOPMENT OF A NATURAL-BASED
DOSAGE FORM WITH ADAPTOGENIC AND TONIC ACTIVITY
(LITERATURE REVIEW)

1.1. The use of herbal remedies in modern therapy

One of the leading problems of modern medicine is the development of
means and methods to prevent the development of pathological changes in the
body caused by stress reactions of various nature [5].

Psychosomatic diseases are one of the most characteristic manifestations of
the so-called diseases of civilization. This problem is especially relevant in terms
of preventing disorders of the central mechanisms of adaptation of the body to
damaging factors of various nature. Psycho-emotional and cerebrovascular
disorders arise as a result of age-related changes in the structure and function of the
brain, chronic stress, and the pathological factor itself.

Nowadays, the problem of both treatment and prevention of a wide range of
diseases caused by chronic stress - various forms of psychosomatic pathology and
neuroses - is very relevant. It is at the stage when the pathology has not yet
developed that adequate pharmacological correction can prevent the negative
dynamics of pathological changes, normalize the manifestations of the conflict
between the human body and the environment, which is typical today.

The general state of human health is a complex concept that includes the
state of the immune system, the presence of diseases, mental state, endurance, and
performance. In the modern century, unfortunately, there are more irritating factors
of general human health than those that have a positive impact, so the body's
ability to recover from stressful conditions is significantly reduced. The decline in
the population of healthy people, reduced efficiency and quality of life are serious

problems of modern medicine that require immediate measures to address these



problems. Unfortunately, improving the ecological state of our planet is a difficult
problem to solve (although it depends entirely on people), and the stressful living
conditions associated with progress are almost impossible to change. Therefore,
humanity is left with few ways to solve problems related to the overall health
status, namely, strengthening the immune system, increasing the body's adaptive
capacity and, thus, improving the overall tone of the body.

One of the ways to solve these problems may be the use of drugs with
adaptogenic and general tonic activity, the arsenal of which is nowadays quite wide
and includes synthetic and natural drugs. Phytotherapy can rightfully take one of
the first places in their ranks.

Medicinal and aromatic plants, as well as other natural medicinal raw
materials, have long played a significant role in all spheres of human life.

Herbal remedies have always occupied a fairly large share of the global
pharmaceutical market (up to 40% or more) and continue to grow. At the same
time, no more than 5 % of the hundreds of thousands of species of the plant
kingdom are used for medicinal purposes by humanity today [1].

About 23,000 plant species are used as medicinal plants worldwide, which is
approximately 7% of the world's flora. The breadth of use of medicinal species and
the degree of their study vary. The active ingredients in most plants used in folk
and traditional medicine are unknown, their pharmacodynamic properties have not
been studied, and their use is based on empirical experience. The number of
medicinal plants introduced into scientific medicine is much smaller. In total,
including medicinal plants that are processed at factories to produce individual
substances or purified drugs and are not supplied to pharmacies as raw materials,
more than 200 medicinal plants are officially used.

Active substances refer to components that have high pharmacological
activity, which determines the therapeutic effect of a plant or its preparations. The
accompanying substances are also pharmacologically active to a greater or lesser

extent, but their action does not determine the main therapeutic effect. However,
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concomitant substances can significantly affect the activity of active substances,
potentiating or suppressing their pharmacological effect. Ballast substances are
generally inactive, but their presence should be taken into account when preparing,
storing and using herbal dosage forms. It is possible that a certain therapeutic
effect of herbal preparations is associated with ballast substances [6-7].

Herbal remedies have a milder effect and are less likely to cause unwanted
complications. Natural biologically active substances often have a synergistic
effect and have a comprehensive therapeutic effect on all biochemical systems of
the body [6,8]. Today, almost 5% of pharmaceutical products in the world are
made from medicinal plants. Herbal remedies are widely used in both developed
and developing countries [9].

In Ukraine, in recent years, there has been a steady increase in demand for
products of natural origin. Despite significant advances in the chemistry of
synthetic drugs, substances of natural origin more fully meet the requirements of
modern medicine in terms of efficacy and safety. In terms of the above, a plant

such as Rhodiola rosea is of particular interest.

1.2. The use of medicinal products based on Rhodiola rosea as potent

adaptogens

The problem of finding modern medicines that help maintain the vitality of
the human body continues to be quite relevant.

Rhizomes and roots of Rhodiola rosea L. (Crassulaceae L., Fatty) are widely
used in folk and traditional medicine (Tibetan, Chinese, Korean, etc.), as well as in
official medical practice.

The plant is widely known as the "golden root™. The name is due to both the
color of the rhizome and its high price, and it has been around for a long time.

Rhodiola rosea grows in the mountains of northern Europe, in the Tien Shan

Mountains and the Far East. Most of the Rhodiola rosea thickets are concentrated
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at an altitude of 1700-2200 m above sea level. Under conditions of rational
exploitation, Rhodiola rosea thickets recover very slowly, so it is obvious that the
problem of the raw material base can only be solved by industrial cultivation of
this plant. According to the available literature, rhizomes and roots of Rhodiola
rosea contain organic acids (oxalic, citric, malic, succinic), sugars (glucose,
fructose, sucrose), essential oil, phenolic compounds, monoterpenes, sterols,
cinnamaldehyde and its glycosides, as well as a large amount of manganese [10].

The underground part of the Rhodiola rosea plant has long been used in folk
medicine to eliminate fatigue and increase efficiency: in the form of an infusion
(10 g of dry rhizome per 500 ml of water) orally, 1 tablespoon 2-3 times a day, or
tincture (50 g of dry rhizome) 500 ml of 40% ethyl alcohol) 20-25 drops 30
minutes before meals 2-3 times a day for 10-20 days [10].

The underground parts of the plant are used for bone fractures to accelerate
the growth and formation of bone callus as an antipyretic agent for the treatment of
pulmonary tuberculosis, skin diseases, tumors and wounds. In the latter case, an
aqueous infusion of roots and rhizomes in the form of a thick mass is used to apply
to open wounds.

In official medicine, a liquid extract of Rhodiola rosea rhizomes and roots is
prescribed for oral administration as a general tonic and adaptogen.

Currently, more than 20 types of rhodiols have been tested for biological
activity. Many of them have pronounced antioxidant, stimulating and adaptogenic
properties. In the study of alcohol extracts of rhizomes and roots of different types
of rhodiolae, their hepatoprotective, nootropic, antiarrhythmic and cardioprotective
properties were clearly demonstrated. Cinnamaldehyde glycosides, cinnamyl
glycosides (CG), and salidroside are the main carriers of biological activity of
rhodiola preparations, which determines their numerous pharmacological effects.
A number of authors associate the increased biological activity of Rhodiola rosea
extracts with the presence of rosavin, rosin and rosarin, compared to preparations

from other Rhodiola species. Many studies have shown the stimulating effect of
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Rhodiola rosea preparations on the central nervous system. Of great interest is the
ability of Rhodiola rosea to increase the body's resistance to various stress factors.
The liquid extract of Rhodiola rosea has immunostimulating, antimicrobial,
hepatoprotective and hypoglycemic effects [11-13].

The physiological activity of rosavin, which coincides with the activity of
Rhodiola rosea extracts, has been described in a number of studies. The
antihypnotic, stimulating and immunomodulatory activity of this glycoside has
been shown [14].

A long-term comparative study of rhodiola and Eleutherococcus
preparations has shown that golden root has a stronger stimulating and adaptogenic
effect. It has also been noted that in some cases it is superior to ginseng in terms of
its stimulating properties, especially during prolonged physical activity [15-16].

It has been established that the adaptogenic effect of Rhodiola rosea
medicinal substances is due to the development of a state of nonspecific increased
resistance (SIRS) in the body [12, 13].

The mechanism of the adaptogenic effect of Rhodiola rosea preparations is
manifested in the antitoxic effect, which is active against methemoglobin formers
(sodium nitrite, aniline) and strychnine [17]. Another manifestation of adaptogenic
properties is associated with the inhibition of the onset and development of an
acute leukocyte reaction caused by subcutaneous injection of milk or turpentine. It
Is assumed that the inhibition of the leukocyte reaction by the golden root extract is
realized through the central nervous system [10].

The extract has an activating effect on thyroid function, antihypnotic and
antioxidant effects [18].

There is evidence of the use of golden root extract in the treatment of
occupational hearing loss, as well as in the activation of regenerative processes in
the liver and normalization of biliary function. The anticancer properties of

Rhodiola rosea extract are also described. In the study of antimicrobial properties
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of substances from Rhodiola rosea, the tuberculostatic activity of rosiridin was
revealed [19-21].

Detailed studies of the effect of rhodosin on the development of the
infectious process and the immunobiological reactivity of experimental animals
have been conducted. The results showed that the course of infection in animals
under the influence of rhodosin is significantly facilitated and the percentage of
animal death is halved [10, 21].

In dental practice, Rhodiola rosea extract is used to lubricate the gums in
case of pyorrhea [22].

The study of the phytochemical composition of the underground organs of
this medicinal plant allowed us to establish the structure of most biologically active
compounds and to determine some of their main pharmacological effects.

In Sweden, in 2009, an article [23] was published on the isolation of rosavin
from rhizomes and roots of Rhodiola rosea using supercritical carbon dioxide
extraction. The authors selected different extractants and found that the highest
yield of the product occurs when using supercritical carbon dioxide extraction and
water as a modifier.

In 2011, an article [24] was published in China on the supercritical carbon
dioxide extraction of Rhodiola rosea rhizomes and roots. The authors extracted
salidroside from rhizomes and roots using alcohol as a modifier. By selecting the
extraction conditions, they found that the yield using supercritical carbon dioxide
extraction is much higher than the yield obtained by using the classical extraction
using the Soxhlet apparatus.

In Latvia, work has been done and patented to obtain a dry extract from the
rhizomes and roots of Rhodiola rosea and to create a tablet preparation based on it
[10].

However, despite these studies, the number of galenic preparations of
Rhodiola rosea rhizomes and roots used in Ukrainian medical practice has

remained unchanged. The liquid extract and tincture of Rhodiola rosea currently
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used are not optimal in terms of technology and stability. The disadvantage of
these dosage forms is the inconvenience of their use by the patient, as well as
transportation and storage. In addition, obtaining only a liquid extract using 40%
ethyl alcohol as an extractant excludes the possibility of extracting a wider range of
active substances from Rhodiola rosea rhizomes and roots.

In this regard, it seems relevant to research on the development of
technology for the production of dry extraction drugs from rhizomes and roots of
Rhodiola rosea, containing a complex of biologically active substances of this
plant, and the development of modern drugs based on them, presented primarily in

the form of solid dosage forms: tablets, granules, capsules.

1.3. Properties of the bioflavonoid quercetin and its use in a wide range

of pathologies

Quercetin is a rutin aglycone with a powerful antioxidant effect, reactivating
sulfhydryl compounds and vitamin C, as well as glutathione and tocopherols, and
preventing the conversion of adrenaline to toxic adrenochrome. Quercetin prevents
the damaging effects of free radicals, inhibits the processes of lipid peroxidation of
cell membranes and serum lipoproteins, and improves intratissue respiration. In
addition, this flavonoid is a natural inhibitor of hyaluronidase, an enzyme that
increases vascular wall permeability; has a capillary-protective effect (reduces
capillary permeability and fragility); improves microcirculation.

Quercetin  flavonols (primarily glycosides) are the most common
representatives of flavonoids, they are present in a fairly large number of foods
(berries, apples, grapes, onions, tea, tomatoes), as well as in seeds, nuts, certain
cereals, flowers and leaves of garden and medicinal plants. A significant portion of
quercetin consumed with food is its glycosides; quercetin aglycones are present in

the diet in a much smaller amount.
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A diet with minimal fat or lecithin also improves quercetin absorption, and
its excretion from the body is slowed down when a significant amount of fat is
included in the diet [25].

Quercetin has many positive properties, some of which have been confirmed
by serious clinical studies. Animal studies have shown that the antioxidant
properties of quercetin protect the brain, heart, and other tissues from damage
caused by ischemia and reperfusion, toxins, and other factors that lead to oxidative
stress [26]. However, most researchers focus exclusively on the antioxidant
potential of this flavonoid, while little attention is paid to other perspectives of the
drug's use. In addition to its well-known antioxidant properties, quercetin is a
powerful medicinal agent in many areas according to certain clinical indications.
Quercetin has demonstrated its effectiveness in a number of medical fields, namely
allergology and immunology, endocrinology, gastroenterology, urology, and has
prospects for use in psychiatry and oncology. Given the almost complete absence
of side effects (doses of up to 1 g per day have no significant effect on hepatic and
renal function, electrolyte levels, and hemostasis), good tolerability and efficacy,
quercetin has prospects in the treatment of many diseases in which it has

demonstrated significant efficacy in studies [26].

1.4. Characteristics and use of chewable tablets

When creating a new drug, an important step is to choose a dosage form that
meets all the requirements set by both technologists and consumers. Among the
known dosage forms, the most common are solid dosage forms, which are
considered convenient for use. However, many patients have difficulty swallowing
tablets and capsules, mainly due to their size [27]. To improve compliance and
ease of use, several types of tablets have been developed, including chewable
tablets [28-30].



16

According to the US Pharmacopoeia, there are two types of chewable
tablets: the first can be chewed to facilitate swallowing, and the second must be
chewed or crushed before swallowing to prevent obstruction and better release of
the API [31-32].

Chewable tablets have a number of advantages over other solid oral dosage
forms: better stability, higher bioavailability due to avoidance of breakdown (and
increased solubility), patient compliance due to the possibility of using them
without water, they can replace liquid dosage forms and provide a rapid onset of
action, improved consumer characteristics, which is especially important in
pediatrics and geriatrics, due to improved taste and, accordingly, the ability of the
product to occupy a promising market [33-35]. Chewable tablets are an alternative
dosage form for vitamin, analgesic, and cough medications for colds [36-37].

However, there are certain limitations to the use of chewable tablets. This is
the case when the drug product contains a large amount of APIs with an unpleasant
taste that is difficult to correct and/or hide [37-38]. The peculiarities of using this
type of tablets are that the substances are in long-term contact with the human taste
and olfactory receptors. Therefore, in addition to such traditional organoleptic
properties as taste and smell, it is necessary to study the aftertaste, aroma,
"aftertaste,” and "sensations in the mouth™ [39]. This is especially relevant when
developing a drug product based on APIs with a bitter taste, especially at a high
dose [40-41].

For the pharmaceutical development of high quality chewable tablet
formulations and technologies, the first step is to establish a complete profile of the
API. Information on physical properties (color, odor, taste, aftertaste, and oral
sensation), physical form (crystal, amorphous powder, solid, oily liquid, etc.etc.),
melting and pouring point, polymorphism, solubility, moisture content, stability,
cohesion, chemical properties (chemical composition and chemical class, major
reactions of this chemical class, major incompatibilities), APl dose in the

formulation, and any limitations on the final tablet size [32].
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The following technologies are used to produce chewable tablets: wet
granulation, microencapsulation, solid dispersions, ion exchange, spray curing and
spray coating, adsorption formulation using dissolution or melting, as well as
molecular complex technology and lyophilization [42].

Wet granulation can be used to coat API particles to mask flavor [43-44]. In
this case, the APIs are wet granulated with an anhydrous polymer solution, dried,
sized, and mixed with a flavoring agent and other ingredients to produce a material
suitable for pressing. In general, this is the simplest approach to flavor masking. In
wet granulation, fillers can be added [37, 45-46]. The requirements for this process
in the production of chewable tablets are: the formation of a plastic rather than
brittle film, the absence of an unpleasant taste or odor, and the coated particles
should not dissolve in saliva. [34, 46-47].

There are three important aspects of chewable tablet development: ensuring
the required particle size distribution, optimal moisture content, and achieving the
proper tablet hardness [48].

Since the evaluation of the organoleptic properties of a tableted drug is
subjective in nature, it is necessary to clearly define the terms, have standards to
compare with, and strictly follow the experimental conditions to obtain meaningful
results.

At the latest stage of development of the pharmaceutical industry in Ukraine,
considerable attention is paid to the development of medicines based on medicinal

plant raw materials [42, 49].
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CONCLUSIONS

1. Expanding the range and searching for effective and safe herbal
medicines is one of the main directions of development of the modern
pharmaceutical industry.

2. Preparations based on plant extracts used as tonics, general tonics, and
medicines that stimulate nonspecific resistance of the body have a wide range of
applications, especially nowadays due to the difficult environmental situation and
the increase in the occurrence of various pathological conditions.

3. It is important to create new Ukrainian effective medicines with
adaptogenic and tonic activity based on plant extracts in the form of
pharmaceutical forms that are easy to use and stable during storage, including
chewable tablets, which are characterized by better compliance compared to other

solid medicines.
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SECTION 2
MARKETING RESEARCH OF THE AVAILABILITY OF ADAPTOGENIC
AND TONIC DRUGS ON THE PHARMACEUTICAL MARKET OF
UKRAINE.
OBJECTS AND METHODS OF RESEARCH.

2.1. Market research of the pharmaceutical market of Ukraine on the

availability of drugs with adaptogenic and general tonic activity

The aim of our research is to develop a Ukrainian drug based on dry extract
of rhodiola and quercetin with adaptogenic and tonic activity. To achieve these
objectives, we conducted marketing research of the Ukrainian market of
adaptogens and general tonics.

For marketing research, we used a concept based on a step-by-step analysis
of the range of drugs with adaptogenic and general tonic activity according to the
following criteria: ATC classification (anatomical, therapeutic, and chemical
classification), dosage forms, and country of manufacture [50-52].

The industry produces various dosage forms of adaptogens: alcohol tinctures
and extracts, tablets, capsules, powders, etc. Depending on the origin, adaptogens
are distinguished:

. plant-based: Rhodiola rosea, ginseng, Eleutherococcus, aralia,

astragalus, goldenseal, lemongrass, sea buckthorn, ginger, etc;

. minerals of plant origin: humic substances;
. mineral origin: mumiyo;
. animal origin (including animal products): reindeer antlers (cigapan,

pantocrine), bee products (apilac, etc.);

. synthetic  (trecresan, bendazole, etc.).
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According to the spectrum of pharmacological action, adaptogens and
general tonics are divided into two groups (according to the ATC classification)
[50]. The first one is broad-spectrum. Drugs of this group cause a state of
nonspecific increased resistance in the body:

. vitamins (A11);

. mineral additives (A12);

. tonic agents (A13);

. miscellaneous drugs (acting on the nervous system) (N07XX10).

The second is a narrow spectrum of action. Drugs of this group create a state
of specific increased resistance:

. antihypoxants (C01);
antitoxic (\V03);

. antioxidants (ROSCBO01; M02A X03; Al11);
. geriatric (Al1l; VO3AB26; JOSAX12);

. biostimulants (A16AX10);

. immunostimulants (LO3AX18 ta LO3AX21);

. nonsteroidal anabolic drugs (A14B);

. amino acids and their derivatives (A16AA);

. other psychostimulants and nootropics (NO6BX).

An analysis of drugs with adaptogenic and tonic activity on the Ukrainian
market as of 2019 [50, 52] determined that there are 75 items of drugs with
adaptogenic and tonic properties (including all forms of release) on the Ukrainian

pharmaceutical market.
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Fig. 2.1 Correlation of dosage forms with adaptogenic and general tonic

activity.

As can be seen from the data presented (Fig. 2.1), the nomenclature of liquid
dosage forms accounts for 69% of the total weight of drugs in this group. Solid
(28%) and injectable (3%) dosage forms are present in smaller quantities.

The results of the comparative analysis of the ratio of solid dosage forms of

this group are shown in Fig. 2.2.
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Fig. 2.2 Solid dosage forms of drugs with adaptogenic and tonic activity

The data obtained indicate the predominance of tablets among the solid
dosage forms presented. However, it should be noted that there are no chewable
tablets among them.

The analysis of the pharmaceutical market of Ukraine showed that the range
of drugs with adaptogenic and general tonic activity is wide and varied. For the
most part, the drugs of the pharmacological group under study are of plant origin
and are produced by the Ukrainian industry in liquid form (tinctures, extracts, etc.).
It should be noted that these dosage forms are not always convenient to use and
there is a possibility of dosage errors.

Therefore, we further analyzed the distribution of drugs by country of origin.

The data obtained are shown in Fig. 2.3.

W Ukrainian drugs % Foreign drugs

Fig. 2.3 The ratio of drugs with adaptogenic and general tonic activity by

country of manufacture.

As can be seen from the data obtained, Ukrainian drugs of this group
account for 47% of the Ukrainian pharmaceutical market of adaptogens and

general tonics, i.e. they occupy a smaller share compared to imported drugs (53%)
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of the studied group. As is well known, the cost of imported drugs is much higher
than the price of Ukrainian drugs, and not all patients can afford to purchase
expensive drugs.

An important aspect of pharmaceutical science and practice is not only the
creation of new drugs, but also the improvement of existing ones. In this aspect,
our research was aimed at improving such a well-known drug as Quertin (PJSC
SIC Borshchahivskiy CPP) in order to expand the line of quercetin products.
Quertin was created on the basis of quercetin granules to improve the ease of use.
In addition to quercetin as an API, the product contains the following excipients:
pectin, glucose monohydrate, sucrose, orange flavor, magnesium stearate, talc. The
set of excipients is justified not only from the technological point of view, but also
by the evidence that quercetin is best absorbed in combination with pectin and
insoluble oligosaccharides [53].

Thus, it can be concluded that there is a feasibility of creating a drug of the
specified pharmacological action of plant origin in a solid dosage form (chewable
tablets).

A drug of natural origin with quercetin and rhodiola extract can take an
important place in the implementation of a strategy for the pharmacoprophylaxis of

chronic stress and reveal new opportunities for the use of quercetin drugs.

2.2. Objects of research

To achieve this goal, dry rhodiola extract and quercetin were chosen as the
main objects of study.

Characterization of active pharmaceutical ingredients .

Rhodiola rosea (L.) is a perennial herb belonging to the Crassulaceae family
(Fig. 2.4).
Rhodiola rosea roots contain the following BAS: phenolic glycosides,

anthraglycosides, organic acids (gallic acid, caffeic acid, chlorogenic acid, oxalic
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acid, citric acid, malic acid, succinic acid), flavonoids (catechins and
proanthocyaninins), sterols, tertiary alcohols, unsaturated compounds and a large
amount of manganese. The pharmacological properties of the "golden root"
(stimulating and adaptogenic) are due to the presence of p-tyrosol, phenolic
glcoside rhodioloside and rhodosin.
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Fig. 2.4. Rhodiola rosea.

Rhodiola preparations are adaptogens and have a pronounced stimulating
effect, significantly increasing endurance, especially increasing performance
against the background of fatigue and when performing heavy physical work. In
this case, energy resources are consumed economically and recovered faster [52-
53]. The use of Rhodiola rosea preparations normalizes metabolic processes,
improves energy metabolism in the muscles and brain. The drug has the strongest
effect on muscle tissue: there is an increase in muscle strength and strength
endurance, as the activity of contractile proteins increases. Rhodiola rosea
preparations have a pronounced immunocorrective effect, are easily tolerated, have

no identified contraindications and do not have allergenic properties [56-57].
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Despite its widespread use in medicine and sports medicine, the list of
Rhodiola rosea medicinal products is very limited. According to the data provided
in the basic monographs on sports medicine, the main drug used for application is
a 40% liquid alcohol extract 1:1 [56-57].

Quercetin is a lemon-yellow crystal, slightly soluble in water, diethyl ether,

ethanol, chloroform, and soluble in acetic acid and alkalis.

Characterization of excipients.

Pectin (United States Pharmacopeia, USP) is an amorphous powder with a
molecular weight of about 80 thousand; white or yellowish, grayish and brownish,
free-flowing powder, almost odorless. The solubility of pectin depends on the
degree of polymerization, esterification and molecular size.

Glucose monohydrate (State Pharmacopoeia of Ukraine, SPU) is a

colorless, odorless, sweet-tasting crystal or white crystalline powder.
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Pressed sugar (BP, Ph Eur, USP). Three types of sugar are used in the
pharmaceutical industry: spherical, pressed and confectionery. Spherical sugar is

roughly spherical granules containing 62.5% to 91.5% sucrose, the rest is starch.
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Talcum powder (SPU) is a fine white or grayish-white with a greenish tinge,
odorless and tasteless crystalline flake powder that is soft, greasy and slippery to
the touch. It is well adherent to the skin.

Magnesium stearate (BP, Ph Eur, USP, JP) is a fine powder of light white
color with a characteristic taste and faint odor of stearic acid; it is practically

insoluble in ethanol (95%), ether and water.
O
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2.3. Research methods

In order to scientifically and practically substantiate the composition and
technology of chewable tablets with dry rhodiola extract and quercetin, the main
physicochemical and pharmacotechnological properties of the substance samples
were studied. These properties are interrelated and can in some way affect the
process of pressing and obtaining high-quality tablets.

Not only were the powders of rhodiola and quercetin dry extracts subjected
to physicochemical analysis, but also the mass for granulation and tableting.

For this purpose, the following physicochemical and technological
properties of the samples were determined. Thus, in accordance with the
requirements of the SPU, the following studies were conducted: fractional (particle
size distribution) composition; determination of volumetric parameters of powders:
bulk volume, bulk density before shrinkage, shrinkage capacity, volume and
density after shrinkage; fluidity, compressibility and slip, which allows easy
pushing of the tablet from the matrix.

The tested chewable tablets were examined for the main quality indicators,

the methods of which are given in the SPU.
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Identification and quantitative testing of the active substances - dry extract
of rhodiola and quercetin in the composition of the tablets was carried out by high-
performance liquid chromatography (HPLC) in accordance with the conditions of
SPU 1.2 (p. 60) and SPU 3.3 (p. 32) according to the methodology given.

CONCLUSIONS

1. The study of the ratio of dosage forms of drugs with adaptogenic and
general tonic activity showed the preference of these drugs (34%) in the form of
tinctures.

2. The analysis of the distribution of drugs by country of manufacture has
shown that imported drugs of the study group (53%) outnumber Ukrainian drugs
(27%). This confirms the need to create a drug of this pharmacological group in a
solid dosage form.

3. The article describes the active pharmaceutical ingredients and excipients,
as well as the methods of pharmacotechnological and physicochemical studies
necessary for the development of the optimal composition and rational technology

of chewable tablets.
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CHAPTER 3
EXPERIMENTAL SUBSTANTIATION OF THE COMPOSITION AND
DEVELOPMENT OF CHEWABLE TABLETS TECHNOLOGY

3.1. Investigation of pharmacotechnological properties of Rhodiola dry

extract

The production of tablets begins with the study of the properties of the
starting drug substances, which determine the rational method of tableting and the
choice of excipients. Bulk density, flowability, degree of compaction, and
compressibility are the most important factors that determine the behavior of a
tableted material during compression.

The results of the analysis of the pharmacotechnological properties of the
substance of the dry rhodiola extract are given in Table 1.

Table 3.1.

Indicators of pharmacotechnological properties of Rhodiola rosea

dry extract (n=5: p<0.05)

Parameters Research data
Vo , bulk volume before shrinkage, ml 102,0+0,02
Vo , bulk volume after shrinkage, ml 82,0+0,02
Bulk density before shrinkage, m/V, , g/cm3 0,482+0,02
Bulk density after shrinkage, g/cm?3 0,512+0,06
Fluidity, s/100 28,0+0,04
Weight loss during drying, %. 3,9+0,02

As can be seen from the above data, dry rhodiola extract is a low-flowing
material. The moisture content of the material and the size of the particles have a

significant impact on the flowability and compressibility of powders (granulates).
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The data obtained from the study of the pharmacotechnological properties of
the extract powder allow us to predict the composition and amount of excipients

for the development of a chewable tablet formulation.

3.2. Study of physicochemical and pharmacotechnological parameters of

guercetin

The drug under development contains a second active ingredient (quercetin)
in addition to the active ingredient in the form of a dry rhodiola extract.

According to the professional literature on experimental clinical trials,
quercetin intake significantly improves the treatment of a number of diseases of the
cardiovascular, endocrine, gastroenterological and urological systems.

Therefore, the next stage of our work was to study the
pharmacotechnological properties of this substance to obtain a high-quality dosage
form. The data are presented in Table 2.

Table 3.2.

Indicators of pharmacotechnological properties of

quercetin powder (n=5:; p<0.05)

Parameters Results of the study
Vo, bulk volume before shrinkage, ml 191,60%0,02
Vo , bulk volume after shrinkage, ml 142,65%0,06
m/Vy , bulk density before shrinkage, g/cm3 0,251+0,02
m/V g/cm3 0,344+0,04
Fluidity, s/100 18,60 £0,02
Weight loss during drying, %. 4,85+0,02

Studies have demonstrated such properties of quercetin as sufficient fluidity

and sealing ability
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Based on the results of the studies conducted on the properties of the active

substances of the investigational drug, it is possible to predict the ways of

obtaining a semi-product and a high-quality finished product in the production of

chewable tablets.

3.3 Justification of the conditions for the granulation process

When developing the composition of excipients, we relied on the quality

composition of Quertin, which is optimal for this dosage form.

We created three batches of tablet masses with rhodiola extract and

quercetin, with the list of excipients remaining identical to that of Quercetin, but

their quantitative content varied (Table 3).

Table 3.3.

Composition of tablet masses

Quantitative composition
Components of Quantity, %. Quantity per tablet, g
tablet masses Composition
1 2 3 1 2 3
Quercetin in
terms of 100% | 364 | 400 | 400 | 4000 | 4000 | 40,00
dry matter
Dryrhodiola | g 09 | 1900 | 1000 | 20000 | 20000 | 10000
extract
Citrus pectin | 36,36 | 40,00 | 30,00 | 400,00 | 400,00 | 300,00
Glucose 3305 | 2635 | 3635 | 36350 | 26350 | 363,50
monohydrate
Pressed sugar | 14,55 | 16,00 | 16,00 | 160,00 | 160,00 | 160,00
Powdered 014 | 015 | 015 1.50 1,50 1.50
flavor (orange)
Talc 273 | 300 | 300 | 3000 | 3000 | 3000
Magnesium 044 | 050 | 050 500 5.00 5.00
Stearate
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Total 100,0 100,0 100,0 1100,0 | 1000,0 | 1000,0

Today, such a granulation method as fluidized bed granulation is gaining
attention. Fluidized bed granulation allows combining the operations of mixing,
granulation, drying and dusting in one technological device. Therefore, this
method of granulation is increasingly used in modern pharmaceutical production
[2-3].

The process involves mixing powdered ingredients in a liquefied bed and
moistening them with a granulating liquid while stirring them continuously.

A fluidized bed is formed when warm air directed upward lifts a layer of
solid particles that begins to "boil" like liquids. The forces acting on the particles in
this state are in balance. The components in the fluidized bed are mixed so
effectively that the temperature over the entire height of the bed remains stable.
The process in the fluidization apparatus consists of four stages [59]:

- Mixing is the first operation that affects the quality of the granulate.
The uniformity of mixing depends on the aerodynamic mode of operation of
the machine, the ratio of the mixture components, and the particle size;

- Atthe stage of adding a humectant, the mass particles clump together
due to the adhesive forces of both the liquid itself and the solution formed
when the surface layer of the tablet mass components is wetted with this
liquid;

- During the drying stage, the lumps turn into solid granules, which are
partially destroyed as a result of contact with each other and with the walls
of the device. The process of granulation in the fluidized bed takes place
simultaneously with the drying of the granules with heated air. Drying until
the granulate is ready is carried out to the required humidity value;

- Dried granulate is powdered in the same apparatus. This operation is carried

out by free application of finely ground substances to the surface of the



32

granules and in this way sliding and loosening agents are introduced into the

tablet mass.

The resulting dried granules may have a rough surface, which will
negatively affect the fluidity of the granulate. In addition, the granules can stick to
the dies and punch of the tablet press, which can cause certain defects in the
tablets. To avoid these undesirable phenomena, the operation of "dusting” the
granulate is used.

The formation and consolidation of granules in the fluidized bed occurs due
to clumping during wetting and sticking together with subsequent agglomeration.

The granulation of the obtained tablet mixtures was carried out using a
fluidized bed dryer-granulator, which allows combining the operations of mixing,
granulation, drying, and dusting in one equipment [2-3].

We used sugar syrup as a moisturizer.

In the process of developing the chewable tablet manufacturing process, we
tried to optimize such a parameter as the order of substance introduction into the
process.

Therefore, when granulating composition No. 1, we added rhodiola extract
to the mass at the stage of mixing the granulate with the flavor before the
powdering stage. However, the rhodiola extract caused color heterogeneity; also,
due to the increased weight of the charge, the filling capacity of the matrix was at
its limit.

When pelletizing compound No. 2, an increased consumption of humectant
was observed. Also, the mass "hung", and it was necessary to dry it, which caused
a lot of losses. As a result, agglomerates of irregular shape with poorer fluidity
were formed.

The granulation process of composition No. 3 produced a granulate with
good fluidity and compressibility.
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3.4 Study of pharmacological and technological properties of granulate

with rhodiola extract and quercetin

Subsequent studies were devoted to comparing the quality of the obtained
granulates. A comparative study of the granulates was carried out according to the
following indicators: bulk density, Gausner's index, fluidity, residual moisture, and

fractional composition. The data are presented in Table 4.

Table 3.4.
Comparative characteristics of granulate series
N?- Indicators of pharmaceutical and technological characteristics
0
COMP | Bulk density, | Gausner's | Fluidity, g/s Residual Pressibility,
ositio glcm? index (10 mm) | moisture, %. H
n
1 0,60 1,11 4,1 4,40 165
2 0,55 1,15 3,2 4,95 234
3 0,50 1,13 3,6 4,65 295

For powdered mixtures with good fluidity, the value of the Gaussner index is
in the range from 1 to 1.18 [3]. Thus, it can be concluded that all the obtained
intermediates have relatively satisfactory fluidity.

It has been determined that all three formulations have quite satisfactory
granulometric parameters and, as a result, may have satisfactory pharmacological
and technological properties, which will be investigated in the next stages of work.

Thus, as a result of using the method of wet granulation in a fluidized bed,
three compositions of granules with similar pharmaceutical and technological
properties were obtained, but composition No. 3 had the best properties, as it has
more uniform particle size and shape and can be subjected to tableting with the

prospect of obtaining a high-quality finished product.
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3.5. Study of the tableting process in the production of chewable tablets

The tableting process consists of the following basic operations: feeding the
material into the die, compressing it with a punch (tableting), pushing the tablet out
of the die, and discharging the tablet into a tray.

According to the composition and technology of Quercetin tablets, at the
stage of obtaining the mass for tableting, the granulate is dusted with magnesium
stearate and talcum powder. The amount of lubricants was selected based on their
effect on the pharmacotechnological parameters of the tablet mass and tablet
parameters during tableting.

Magnesium stearate has good antifriction properties, but it should not be
present in large quantities in chewable tablets. According to organoleptic
sensations, its maximum amount (0.5 %) was determined, which does not exceed
the limit specified in the SPS (second supplement) [58].

The amount of talc was selected according to the functional purpose of this
excipient - antifriction and lubrication properties.

The optimal amount of talc was chosen as 3%, as it provides the necessary
technological characteristics of the mass for tableting. The selected amount of talc
also meets the requirements of the SPS (second supplement) [56].

Based on our previous studies, we decided to subject all the obtained series
of granulates to the pressing process to justify the choice of the optimal
composition of the tablet mass.

The results of the studies showed that tablets obtained from granulate of
series No. 3 have satisfactory characteristics, which confirms the previously
obtained conclusions about the choice of a composition with optimal
characteristics. The quality control of the finished product was carried out

according to the following indicators: strength, abrasion and solubility.
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The strength of the tablets according to composition No. 3 was 290-300 N.
The study on the abrasion of the developed chewable tablets gave results of 0.1-
0.15 % with a limit of 1 % according to the State Fiscal Service [58]. This result is
fully consistent with the results of the studies on strength, which has a very
satisfactory result and is 290-300 N.

3.6. Technology for the preparation of chewable tablets with rhodiola

extract and quercetin

Based on the study of the physicochemical, pharmacological and
technological properties of the dry extract of rhodiola and quercetin, the effect of
excipients on the quality parameters of tablets, and the study of the process
parameters, we have developed a technology for the production of chewable tablets
by pressing with preliminary structural granulation in a fluidized bed.

The technological process includes the following operations.

1. Preparation of raw materials. The components involved in the process
are weighed on scales into appropriate collections and sieved on a vibrating screen.

2. Preparation of mass for tableting.

2.1 Preparation of the humidifier. Dissolve a certain amount of sugar in
the required amount of purified water.

2.2. Granulation. Granulation is carried out using a fluidized bed dryer-
granulator.

2.3 Powdering of the granulate is carried out by mixing the obtained
granules with the flavoring in a Turbula mixer and powdering with the calculated
amounts of magnesium stearate and talc.

3. Tableting . The process of granulate tableting is carried out on a tablet
press manufactured by Korsch (Germany).

4. Tablets are packaged on a Marchesini blister machine (Italy).



36

We have drawn up a technological scheme for the production of chewable

tablets with rhodiola extract and quercetin, which is shown in Figure 3.1.
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Fig. 3.1 Flow chart for the production of chewable tablets with rhodiola extract and

quercetin
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The main function of containers, packaging and closures is to isolate a single
dosage (portion) of a medicinal product not only from other dosages, but also from
the effects of so-called environmental factors: light, atmospheric air pressure,
atmospheric natural gases and vapors, as well as from evaporation into the
surrounding atmosphere of other drugs, chemicals and products stored in the same
or neighboring premises. The correct choice of containers, packaging and closures
depends on the properties of the packaged drug, the state of the surrounding
atmosphere, the protective properties of packaging and closure materials and
products, production conditions and the shelf life of the drug.

Storage conditions have a major impact on the stability of medicinal
substances in tablets and their physicochemical properties.

When stored in dry air, tablets lose moisture, which is one of the main
reasons for their cementation and complete loss of disintegration. Higher air
humidity usually decreases the stability of tablets, and the disintegration time may
increase or decrease.

Increased air temperature and direct sunlight also have a negative impact on
the quality of the tablets. Therefore, store the tablets at room temperature in a dry,
dark place.

For chewable tablets with rhodiola extract and quercetin, we chose

contoured cell packaging based on PVC film and foil.

3.7. Determination of quality indicators for chewable tablets

Quality control of the manufactured tablets was performed according to the
methods described in Section 2. The results of tablet quality control are presented
in Table 3.5 and indicate that the obtained drug product meets the requirements of

the pharmacopea in terms of pharmacotechnological parameters.
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Table 3.5.
Results of quality control of the obtained capsules
Parameters under Acceptable values Quality
study control results
Tablets are yellowish, rounded, with a
Appearance notch on one side. White inclusions are Answer.,
allowed
100 mg £ 5
. (95 mg to 105 mg;
Average weight of no more than two individual masses
capsule contents :
- deviate from the average mass by more Answer.
and deviations from S
it than 5%; no individual mass should
deviate from the average mass by 10% or
more)
Hardness Not less than 55 N 292 +2H
Abrasion No more than 1% of the total 0,12%




40

CONCLUSIONS

1. The pharmacological, technological, physical and chemical properties of
dry extracts of Rhodiola rosea and quercetin were investigated. It has been
established that the moisture content of the material and the size of its individual
particles have a significant effect on the fluidity and compressibility of powders
(granulates).

2. The use of the method of pressing with preliminary structural granulation
in the production of tablets is substantiated. The influence of lubricants on the
technological process and quality indicators of tablets is determined.

3. The conditions for the granulation process in a fluidized bed were
substantiated. The influence of the conditions of the pressing process on the quality
of the obtained tablets was determined: height 5.9 mm, average weight 1.0 g,
strength about 290-300 N.

4. Based on the experimental studies, a technology for the production of
chewable tablets with a dry extract of Rhodiola rosea and quercetin was developed
with the definition of critical control points for production.

5. On the basis of comprehensive studies, storage conditions ((25+2)°C at a

humidity of (60+5)%) of chewable tablets for 6 months were established.
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GENERAL CONCLUSIONS

1. The scientific approaches to the development of the composition and
technology of chewable tablets based on dry extract of Rhodiola rosea and
quercetin with adaptogenic and tonic activity are theoretically generalized and
experimentally substantiated.

2. Market research of the Ukrainian pharmaceutical market on medicinal
products in the group of general tonics and adaptogens has established that the vast
majority of drugs with the indicated pharmacological activity are presented in the
form of liquid medicinal products - 76%. The number of imported drugs exceeds
the number of Ukrainian ones.

3. On the basis of bibliosemantic analysis of literature data, the prospects
of creating a medicinal product in the form of chewable tablets based on dry
extract of Rhodiola rosea and quercetin for the prevention of psychoemotional
stress have been proved.

4, The physicochemical and technological properties of the dry extract
of Rhodiola rosea and quercetin were studied, which made it possible to classify
them as low-flow materials and develop approaches to the creation of a rational
tablet formulation based on them.

5. The conditions for the granulation process in a fluidized bed are
substantiated. An industrial technology for the production of chewable tablets by
pressing with structural granulation is proposed. A technological scheme for the
production of chewable tablets with dry extract of Rhodiola rosea and quercetin

has been drawn up.
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Continuation of appendix A

Despite the focus of this work on solving applied optimization problems in
agricultural biotechnology, it is also advisable to apply them to solve applied
optimization problems for other complex systems. This will improve the quality of
functioning of simulated systems by taking into account the structure of the studied

objects and characteristics of technical means providing the studied process.

Studies of the pharmacotechnological properties of the Rhodiola rosea and
Quercetin extract powder

Malak Asaad, Ruban O.
Department of Industrial Technology of Drugs of the National University of Pharmacy,
Kharkiv, Ukraine

ruban_elen@ukr.net

One of the leading problems of modern medicine is the development of tools
and methods to prevent the growth of pathological changes in the body, which are
caused by stress reactions of various nature. Currently, the problem of both treatment
and prevention of a wide range of diseases caused by chronic stress - various forms of
psychosomatic pathology and neurosis is very relevant.

We decided to develop a medicinal product in the form of chewable tablets for
the treatment of neuroses. Rhodiola rosea extract and quercetin were chosen as active
substances. Quercetin has an antioxidant and capillary-stabilizing effect, and
Rhodiola rosea extract is often used as a general tonic and adaptogen.

The production of tablets begins with the study of the properties of the original
medicinal substances, which determine the rational way of tablets and the choice of
excipients. The most complete conduct of the tablet material during compression
reflects the mass, fluidity, degree of compaction and compressibility. Therefore, we
conducted a study of the properties of the powder of dry extract of Rhodiola rosea
and quercetin. In the course of the study, it was determined that the dry extract of
Rhodiola rosea belongs to low-flowing materials, and quercetin has sufficient fluidity
and the ability to compact. The moisture content in the material and the particle size
have a significant influence on the fluidity and compaction of powders.
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Continuation of appendix A

The data obtained from studies of the pharmacotechnological properties of the
Rhodiola Rosea and Quercetin extract powder make it possible to predict the
composition and amount of excipients for the development of the drug in the form of

chewable tablets.

Investigation the antimicrobial activity of ethanolic extract of green tea leaves
against the Gram-positive strains
Maslov O.Yu., Kolisnyk S.V., Kostina T.A., Moroz V.P., Poghosyan O.G.
National University of Pharmacy, Kharkiv, Ukraine

alexmaslov392@gmail.com

Green tea leaves are known to contain various bioactive compounds with
potential health benefits, including antibacterial properties. The main components of
green tea leaves responsible for this property are catechins, which are powerful
antioxidants that can also exhibit antimicrobial activity.

Green tea leaves extract can be used as a natural alternative to synthetic
antibiotics. Unlike synthetic antibiotics, which can lead to the development of
antibiotic-resistant strains of bacteria, green tea leaves extract does not promote the
emergence of resistant strains. Additionally, green tea leaves extract can be used in
combination with synthetic antibiotics to enhance their effectiveness and reduce their
side effects.

The aim of the study was determined the antibacterial activity of green tea
leaves ethanolic liquid extract against the Gram-positive strains.

Green tea leaves of spices Chun My were taken for the study, the raw material
was collected in Anhui province (China) from March to May. 10.0 g of the grinded
leaves was mixed with 200 mL of 96% ethanol. Extraction was carried out within 1
hour on water bath with a condenser, then repeated two times with a new portion of
the solvent. After that the obtained extracts were filtrated and concentrated using
rotary evaporator to 20 mL.

The antibacterial activity was determined by the method of wells. Preparation
of microorganisms’ suspensions with determined concentrations of microorganisms
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Ha TeMy: «P03po0ka ckiiafy Ta TEXHOJIOTIT TabJIETOK 3 EKCTPAKTOM POIIOIH POKEBOI».
Kgauigikartiitna po6oTa i pereH3is 101at0ThCs.

Jekan dakyabTeTy /Ceitnana KAJJAMYEBA /

BucHoBok kepiBHUKA KBadi(ikaniiiHoi podoTn

3mo6yBau Bumoi ocBitn Mamak ACCAA/l y mporieci poOoTn po3TiIsiHyJIa CydacHi HiAXOIu 0
JKyBaHHS TICUXOEMOIIMHOI Halpyrd, MpoBelia aHalli3 aCOPTUMEHTY 3aco0iB  JAJs Tepamii JaHoro
3aXBOPIOBaHHS Ta OOTIpyHTyBaja MOIIJIBHICTE CTBOPEHHA HOBOTO IIiKapchkoro 3acoly y ¢opmi
KYBAJIBHUX TAOJICTOK JUIsl JIIKYBaHHS TICHXOEMOIIHHOI Hanpyrid. ABTOPOM OOIPYHTOBAHO ONTHMATIbHUIN
CKJIaJl 1 PO3po0JICHO TEXHOJIOTII0 OJIep)KaHHs Jiikapchkoro 3aco0y. Mamak ACCAAJl aomycKaeTbes J0
3aXUCTy AaHoi kBamiikamiitHoi pobotn y Ex3zamenarniiiniit komicii HarionanpHOTO (papmarieBTHIHOTO
YVHIBEpCHUTETY.

KepiBauk kBamidikaniinoi podoTu

Onena PYBAH

«08» kBiTHs 2023 poky
BucnoBok kadeapu npo kagidikauniiiny podory

Ksanigikaniiiny po6oty posrisinyto. 3n00yBad suioi ocsitn Manak ACCAA/L nomyckaeTscs 10
3axHcTy JaHoi kBajidikamiiinoi podotu B Ex3ameHaniitHiil KoMicii.

3aBigyBauka kadeapu

3aBOJICHKOT TEXHOJIOTT JIKIB

Omxena PYBAH

« 21» kBiTHs 2023 poky
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