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ANNOTATION

Theoretical studies have confirmed the feasibility and relevance of developing
drugs for internal use with improved solubility of active pharmaceutical ingredients.
For our own research, we chose a lipid delivery system.

During practical studies, we developed the composition and confirmed the
effectiveness of the lipid delivery system for simvastatin.

The work is presented on 40 pages, contains 5 tables, 8 figures, 2 formulas
and 30 references.

Key words: simvastatin, lipid delivery system, oral use, improve solubility,

biopharmaceutical research.
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LIST OF ABBREVIATIONS

API — active pharmaceutical ingredient;

ATC — anatomical and therapeutic chemical classification;
BCS — biopharmaceutical classification system;
BP — British Pharmacopoeia;

CAS — Chemical Abstracts Service;

DF — dosage form;

DMG — distilled monoglycerides;

GIT — gastrointestinal tract;

GMS — glycerol monostearate;

HCO — hydrogenated castor oil;

HNS — hydrophilic non-aqueous solvent;

SPU — State Pharmacopoeia of Ukraine;

PEG — polyethylene glycol;

PhEur — European Pharmacopoeia.



INTRODUCTION

Actuality of the topic. The solubility of active pharmaceutical ingredients
(APIs) used to manufacture oral medicines is a crucial factor that determines the rate
and completeness of absorption of the active substance in the gastrointestinal tract
(GIT) and, as a result, bioavailability and efficacy.

According to various literature sources, the share of water-insoluble APIs
ranges from 40 to 50 % of their total amount. Since gastrointestinal fluids are 80 %
water and polar, the use of hardly soluble substances in oral medicinal products is
difficult and has a number of disadvantages, including slow absorption and low
absorption rate, as well as reduced bioavailability of the active substance. This leads
to the need to use larger amounts of APIs to manufacture the drug or to increase the
frequency of drug administration in order to achieve the required therapeutic effect.
On the one hand, this has a negative impact on the economic part of the production
of such drugs, and on the other hand, it has a negative impact on patient compliance.
In some cases, such as cyclosporine, it i1s impossible to include such an active
substance in oral medicinal products, which may be aggravated by the lack of
alternatives in choosing a route of administration.

The factors described above make it important to develop oral medicines with
hardly soluble APIs using methods to improve their solubility in the GIT.

The purpose of the study. Confirm the relevance of research on improving
the solubility of APIs and develop a lipid-based drug delivery system using
simvastatin.

Tasks of the study: - to review, analyse and summarise the literature on
possible ways to improve the solubility of APIs, in particular lipid delivery systems;

- to theoretically substantiate the choice of simvastatin as a potential API for
lipid delivery system;

- to analyse the prevalence of different methods of improving simvastatin

solubility;
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- to propose the composition of the lipid-based drug delivery system, to study
its properties and quality indicators;

- to obtain a lipid drug delivery system with simvastatin and develop its
technology;

- to control the main quality indicators of the lipid delivery system with
simvastatin;

- to study the effect of excipients on the rate of dissolution and release of APIs
in vitro.

Research objects: simvastatin, lipid solvents, surfactants, co-solvents;
samples of lipid system bases, lipid drug delivery system with simvastatin.

The subject of research: quality studies and biopharmaceutical research of a
lipid-based drug delivery system with simvastatin.

Research methods. General scientific theoretical methods, and physical,
physicochemical, pharmacotechnological, and biopharmaceutical methods were
used in the research.

Practical significance of the results. The composition of the drug with
simvastatin was modified, which, based on the results of further clinical trials, can
be introduced into practical pharmacy and medicine as a drug with improved
pharmacokinetic parameters.

Approval of research and publications. The results of the study were
presented at the XXXI International Scientific and Practical Conference of Young
Scientists and Students «Topical Issues of New Drug Development» in the format
of an oral report (Appendix C). The abstracts were published in the Proceedings of
the XXXI International Scientific and Practical Conference of Young Scientists and
Students «Topical Issues of New Drug Development» (Appendices A, B).

Structure and scope of qualification work. The work is presented on 40

pages, contains 5 tables, 8 figures, 2 formulas and 30 references.



CHAPTER 1. IMPROVING THE SOLUBILITY OF SIMVASTATIN

(Literature review)

1.1 Review of methods for improving the solubility of active substances
in oral medicines

To improve the solubility of hardly soluble substances in the aqueous
environment of the gastrointestinal tract, techniques and methods are used that have
a direct impact on the physical state of the substance or can modify the molecule of
the active substance (Fig. 1). In this case, the therapeutic activity of the drug is
increased by accelerating and increasing the absorption of the active substance, as

well as increasing the bioavailability [11, 24, 28].

Methods of chemical modification

Methods of physical modification

"4 Preparation of
Particle size _ Obtaining co-
. complexes with
reduction _ crystals
cyclodextrins
Preparation o o Manufacture
_ Obtaining drugs based on the lipid - _
of solid . of liquid-solid
; : delivery system
dispersions tablets

Other technological methods

o Solubilization with
Use of disintegrants
surfactant

Fig. 1 Methods for improving the solubility of active substances

Methods of chemical modification. Substances that are difficult to dissolve in

aqueous medium are hydrophobic by nature, and the use of hydrophilic co-solvents
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allows improving their solubility by changing the polarity of the substance
molecules. The main factors in providing a mechanism for improving solubility are
the reduction of interfacial tension between the hydrophobic substance and the
aqueous solution, the simultaneous reduction of mutual attraction of water molecules
by small hydrocarbon regions in the solvent molecule and the promotion of
solubility in water by hydrophilic hydrogen bonds. Examples of co-solvents that can
easily dissolve some hydrophobic substances and at the same time mix with water
are propylene glycol, ethanol, polyethylene oxides, etc [3, 20].

The latest substances that are considered as an alternative to organic solvents
for use as co-solvents are ionic liquids. They have a number of advantages that make
them promising excipients in modern pharmaceutical development. lonic liquids can
be optimised at the molecular level to achieve a specific task: improving the
solubility of the active substance or accelerating its absorption. The structural
properties of ionic liquids can be adapted by changing the anions and cations that
make up their composition. In addition to improving pharmacokinetic parameters,
options for improving pharmacodynamic properties are being considered, which
allows us to obtain the most effective drugs with minimal adverse side effects [2].

Since the solubility of substances depends not only on their own properties
but also on the dissolution medium, excipients can be used to improve solubility by
adjusting the pH during the dissolution of active ingredients that are in an ionised
state. The pH value of the diffusion layer is changed by H" or OH" ions. For
substances that have a weakly basic reaction during electrolytic dissociation, acids
are used, for example, citric, tartaric, carbonate. For substances with an acidic
reaction, it is advisable to create a basic microenvironment. When substances are
added to the formulation that can affect the pH of the microenvironment of the active
substance during its dissolution in gastrointestinal fluids, solubility is improved by
increasing the period of the substance’s residence in the ionised state [30].

Methods of physical modification. Each of the physical modification methods
helps to reduce the particle size of substances in one way or another. It is known that

with the reduction of particle size, the solubility of the active substance improves
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and accelerates. A mechanical method of particle size reduction is grinding. This
method is used in both extemporaneous manufacturing and industrial production of
medicinal products. Auxiliary equipment is used to obtain particles of substance with
a size from 0,16 to <0,1 mm (mortars, ball mills, screw grinders, etc.).

The mechanical grinding method is the simplest and is increasingly used only
to achieve a uniform particle size throughout the substance, and subsequently in the
drug product. This is due to the availability of more modern and more efficient ways
to improve solubility, as well as the fact that the process of long grinding has some
disadvantages. For example, high physical exertion and hyperthermic effects during
grinding and friction during grinding [5,7,16].

More modern ways to reduce particle size are micronisation and nanoscale
technologies. To obtain microparticles, a substance is dissolved in a volatile organic
solvent or a dispersion is made with it and spray dried.

To obtain nanoparticles, a nanosuspension is first prepared by homogenisation
under high pressure, microfluidisation, wet grinding, supercritical fluid technology
and ultrasonic dispersion. In order to facilitate the introduction of such substances
into the composition of solid drug products, lyophilic drying is performed.

Cyclodextrins are cyclic oligoglycosides that are able to accept small
hydrophobic molecules due to the presence of a non-polar cavity in the centre of the
ring of their molecule. At the same time, hydrophilic groups are located on the
outside of the ring, which provide high affinity for the hydrophilic solvent. This
results in the formation of clathrates, which have improved solubility, physical and
chemical stability, absorption in the gastrointestinal tract and bioavailability.

Cyclodextrins are divided into a,  and vy structures, depending on the number
of glycosidic groups in the molecule. B-cyclodextrins are commonly used to produce
complexes [8, 19].

Co-crystallisation is a method of solubility improvement based on the
formation of hydrogen bonds between the API and the coformer to obtain a

multicomponent crystalline compound with specified physical and chemical
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properties. The peculiarity of this method is the possibility of improving the
organoleptic properties of the substance, in addition to improving its solubility.

The co-crystals are obtained by grinding and mixing the dry substances for a
rather long time, sometimes up to 45 minutes. Citric acid, glutaric acid, benzoic acid,
adipic acid, cinnamic acid, urea, sodium acetate, succinate, sodium saccharinate, etc.
are used as coformers [21].

The preparation of solid dispersions is the most popular method of improving
the solubility of crystalline and large crystalline substances among scientists
conducting research in this area. For their manufacture, the technology of dispersing
a substance with polymeric substances in a powdered state is used. Polymeric
substances, also known as carriers or matrices, must be water-soluble to be effective
in improving the solubility of hydrophobic substances. The main advantage of solid
dispersions 1s that the hardly soluble substance in their composition has an
amorphous state, due to which it has higher solubility indicators compared to its
crystalline state [4, 14].

Carriers used to obtain solid dispersions: high molecular weight polyethylene
glycol, polyvinyl pyrolidone, hydroxypropyl methyl cellulose starch glycolate,
croscarmellose. Methods: evaporation of the solvent, which is usually a volatile
organic substance, freeze-drying or spraying and the use of supercritical liquid
technologies.

In the manufacture of liquid-solid tablets, a substance that is hardly soluble in
water enters the drug in an already dissolved state. The main requirement is the
minimum amount of solvent to make it easy to introduce the solution to the
tabletmass, so it is important to choose a solvent in which the substance is very easily
or easily soluble. To introduce a solution of the active substance into the tablet mass,
it is mixed with substances that can easily absorb moisture (silicon dioxide), add
disintegrants (up to 5 % of the total mass), if necessary, lubricants (up to 1 % of the
total mass). Tablets are prepared either by direct compression or by compression

with preliminary wet granulation.
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Often in the sources of literature there is information on the combination of
some methods of physical modification. This can be the manufacture of solid
dispersions with complexes with cyclodextrins, or the use of ionic liquids for the
manufacture of self-emulsifying systems, the manufacture of liquid-solid tablets for
self-emulsifying systems, the production of solid dispersions with lipid drug delivery
systems [9, 17, 26].

Other technological methods. Surfactants in oral preparations help to reduce
surface tension at the interface between the phase separation of the hydrophobic
substance and the aqueous dispersion medium. Due to this, surfactants have a
positive effect on the solubilization of hydrophobic substances in the gastrointestinal
medium. An additional advantage of this method is the economic component, the
relatively low cost distinguishes it from other methods of improving the solubility
or absorption of API. Therefore, despite some shortcomings, for example, an
increase in the size of molecules due to the inclusion of the active substance in the
micelle of surfactants, both scientists and manufacturers (Fluconazol-Darnitsa
(pharmaceutical company Darnitsa, Kyiv, Ukraine), Omeprazol (Arterium
Corporation, Kyiv, Ukraine) widely use the introduction into the composition of
surfactants. Sodium lauryl sulfate, poloxamers, polysorbates and the like are
commonly used.

The release of the active substance is accelerated by the introduction of
disintegrants into the preparations. They provide mechanical destruction of solid DF
when they enter the gastrointestinal tract, which accelerates the processes of
disintegration, dissolution and release of API. Most often, cellulose derivatives,

crospovidone, croscarmellose sodium, silicon dioxide and starch are used.

1.2 Lipid-based drug delivery systems: a promising development

Lipid drug delivery systems are represented by microemulsions, solid lipid
nanoparticles, liposomes and self-emulsifying drug delivery systems. The
uniqueness of lipid-based drug delivery systems lies in their ability to improve not

only the solubility of the substance, but also its absorption in the gastrointestinal
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medium. Therefore, lipid delivery systems are most often used to improve the
solubility of substances that are classified as class IV according to the
biopharmaceutical classification system (BCS). Such substances are hardly soluble
in water and difficult to penetrate biological membranes. Lipid drug delivery
systems for APIs are also often used, which are classified as class II by BCS (have
only low solubility in water) and sometimes as class III by BCS (have only low
absorption rates).

Microemulsions are microheterogenic isotropic disperse systems whose
particle size ranges from 10-200 nm. Compared to conventional emulsions,
microemulsions have increased stability, require the introduction of more PAR,
sometimes using co-PAR, and have differences in a number of other properties. In
most cases, surfactants that have high hydrophilic-lipophilic balance values (15 to
18) are used to prepare microemulsions [1].

In addition to traditional homogenization methods, microemulsions can be
obtained by ultrasound. Microemulsions, as well as conventional emulsions, can be
of the oil-in-water, water-in-oil type, and a bi-continuum emulsion can be formed if
the ratio of oil to water phases is 1:1.

When developing microemulsions for oral use, not only hydrophobic
substances are introduced into their composition in order to improve their solubility,
but also hydrophilic substances in order to improve their absorption into the
gastrointestinal tract, because emulsion preparations, especially with such a small
particle size of the dispersed phase, can facilitate the passage of API through
biological membranes. This property of microemulsions makes their use relevant in
preparations for external use [6].

Solid lipid nanoparticles are second only to solid dispersions in their
popularity. The composition of solid lipid nanoparticles is identical to emulsions:
lipid phase, aqueous phase and surfactant. The lipid phase includes steroid
compounds, diglycerides, triglycerides or mixtures thereof (0,1-30 %). The

peculiarity is that the substances of the lipid phase at room temperature and at body
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temperature are in the solid state. surfactant is added to solid lipid nanoparticles at
concentration 0,5-5 %.

The type of structure of solid lipid nanoparticles depends on the composition,
solubility profile of API and the technological process [18].

Type I is a homogeneous matrix that is characteristic of APIs of a very
lipophilic nature. The production method is cold or hot homogenization. In the case
of cold homogenization, the active substance is dissolved in a lipid matrix,
homogenization is carried out under high pressure, which causes the formation of
mechanical breaks and, as a result, nanoscale particles. In hot homogenization,
nanoparticles are formed in a similar way, the difference is the dissolution of the
active substance in the lipid matrix at an elevated temperature.

Type 11 - the active substance is localized in the shell of lipid nanoparticles.
This type of structure is used in preparations for external use when it is necessary to
improve the permeability of the API transdermally. The production method is hot
homogenization. After combining the substance with a lipid base, cooling is carried
out, during which lipid molecules first precipitate, forming the nucleus of the future
structure, after which the concentration of API in still molten lipids increases, the
solubility limit of API is reached and the outer shell is formed due to crystallization
of the formed mixture.

Type 111 is a structure with the maximum concentration of API in the nucleus
of a solid lipid nanoparticle. It can be formed when the concentration of the active
substance close to the solubility limit is immediately in the entire volume of the lipid,
and the first lipid precipitates with the maximum concentration of API, forming the
nucleus. To form the shell, a lipid with a low concentration of the active substance
remains.

The particle size of the solid lipid nanoparticles may be less than 100 nm. This
is achieved not only due to the above-described features of the technology, but also
due to the optimally selected components and their ratios. Glycerol tribegenate,
myristyl myristate, oleic acid, cetyl palmitate and the like are generally used as lipid

components. Polysorbates, lecithins can be used as surfactants [25].
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In addition to oral and topical preparations, solid lipid nanoparticles are used
in DF for parenteral and inhalation administration.

Liposomes are diphilic structures whose shell consists of phospholipids, and
the internal medium is aqueous (concentric vesicles of spherical shape, ranging in
size from 20 nm to several microns). They are used to making drugs not only with
hydrophobic, but also with hydrophilic APIs. The main direction of the function of
liposomes is to improve the absorption of the active substance, in addition,
liposomes are able to protect the substances contained in them from damage. They

can also be used to make controlled-release drugs or targeted drug delivery [26, 29].

1.3 Review of methods to improve the solubility of simvastatin

The main general criteria for selecting an active substance for inclusion in
lipid systems are as follows:

- availability for use in Ukraine;

- presence in the list of approved APIs;

- availability of information on the safety of the API for oral administration;

- availability of information on reproducible quality control methods.

Characteristic criteria for selection of APIs for inclusion in medicinal products
with improved API solubility

- poor solubility in water and 0,1 M hydrochloric acid solution (for gastric
soluble forms), 0,1 M sodium hydroxide solution (for intestinal soluble forms);

- low bioavailability;

- absence of life-threatening side effects that may be enhanced by modification
of pharmacokinetic parameters associated with improved API solubility.

The API we chose, simvastatin, meets all of the above criteria. However, when
conducting studies on the development of lipid system with simvastatin, it is worth
considering such an undesirable side effect as myopathy and conducting additional

studies to assess the risks of its occurrence.
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Simvastatin is an antihyperlipidemic drug belonging to the group of statins
and is a semi-synthetic compound. Simvastatin substance is highly insoluble in
water and readily soluble in 96 % ethanol.

Improving the solubility of simvastatin in the gastrointestinal tract is
important because, despite its easy absorption in the intestine, the substance remains
highly insoluble in the stomach, where the process of drug breakdown and
dissolution begins. Simvastatin is a non-polar substance with a fairly high
lipophilicity index Log P=4,7. It is metabolised in the small intestine and liver by
cytochrome P450 3 A with the formation of active and inactive metabolites. When it
enters the bloodstream, a significant amount of the active form of simvastatin binds
to plasma proteins. The bioavailability of simvastatin is about 5 %. The half-life is
1,3-3 hours.

The relevance of improving the solubility of simvastatin is also confirmed by
studies in this area. For example, the introduction of simvastatin into solid lipid
nanoparticles, incorporation of simvastatin into polymeric carrier matrices,
preparation of solid dispersions with simvastatin, and addition of surfactants to the
drug [13, 15, 27].

There is also information on studies of lipid systems for simvastatin. Scientists
use substances in their composition that are difficult to obtain for the Ukrainian raw
materials market. The composition of the composition containing a solution of
simvastatin in a mixture of surfactants (Capryol 90 and Tween 80), which does not
contain a lipophilic phase, is proposed, which is significantly different from the
traditional approach to the creation of lipid systems (use of a hydrophobic solvent,
surfactant and co-surfactant or co-solvents).

Therefore, the positive experience of using various methods to increase the
solubility of simvastatin was an additional factor in choosing it for our studies, which
will allow us to objectively assess the effectiveness of the developed composition of
the self-emulsifying composition. Thus, simvastatin is a suitable API to demonstrate

the effectiveness of the introduction of hardly soluble drugs into lipid systems.
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CONCLUSIONS TO CHAPTER 1

1.  Analysis of available literature on the development of oral preparations
with improved solubility of hardly soluble APIs has shown that various methods are
used to improve the solubility of substances depending on the chemical structure,
molecular weight and properties of the selected substance.

2. One of the factors in choosing a method is economic feasibility, since
manufacturers prefer more cost-effective methods (introduction into the
composition of the drug surfactant). Scientists most often use the formation of solid
dispersions and solid lipid nanoparticles, which is confirmed by the vast majority of
publications on these methods of improving solubility.

3. The development of drugs based on lipid systems is a promising
direction of pharmaceutical development, as it will expand the range of studies
conducted by Ukrainian scientists in order to improve the solubility of hardly soluble
substances. In the future, lipid systems can replenish the range of domestic

preparations for oral use with improved release and increased therapeutic activity of

APL
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CHAPTER 2. MATERIALS AND METHODS

2.1 Materials of the research

The study materials were samples of the bases of lipid systems with a
lipophilic solvent, surfactants and co-solvents, and a lipid delivery system with
simvastatin.

Simvastatin (SPU, BP, PhEur, USP, CAS Ne: 79902-63-9). Series DK40-
2005021, China. Crystalline or amorphous powder of white or almost white color,
practically insoluble in water, easily soluble in ethanol 96 %, very easily soluble in
methylene chloride, thermostable. Gross formula: C,sH330s (Fig. 2). Molecular
weight — 418,6. BCS class is the second.

HO O

Fig. 2 Structural formula of simvastatin

ATC classification code — C10A AO1. Simvastatin — prodrugs (inactive lactone
form is metabolized in the liver with the formation of an active B-hydroxy acid
form). The active form is a 3-hydroxy-3-methylglutaryl-CoA reductase inhibitor,
inhibits the synthesis of total cholesterol, triglycerides, low density lipoproteins and
very low density lipoproteins.

0,1 M chloride acid solution made from concentrated chloride acid (37%) and
purified water.

Concentrated chloride acid (SPU, BP, PhEur, USP, CAS Ne: 7647-01-0).

Transparent, colorless, smoky liquid. Content is not less than 35,0% (w/w) and not



18

more than 39,0% (w/w). Easily mixed with water. The relative density is 1,18.
Chemical formula: HCI. Molecular weight — 36,46 [12].

Purified water (SPU, BP, PhEur, USP, CAS No: 7732-18-5). Clear, colorless
liquid without taste and smell, obtained by distillation. Gross formula: H,O.
Molecular weight — 18,02. pH — 5,0-7,0 [12].

Purified water is a pharmacologically and chemically indifferent substance.
Used as a solvent. It is used in many industries, most often in the chemical,
pharmaceutical, food industry, mechanical engineering.

Propylene glycol (SPU, BP, PhEur, USP, CAS Ne: 57-55-6). Transparent,
colorless, viscous liquid, hygroscopic. Easily mixed with water and ethanol 96 %.
Boiling point — 184-189 °C. Chemical structure: propane-1,2-diol. Gross formula:
S3NgO,. Molecular weight — 76,1 [12].

It is used in the pharmaceutical, cosmetic and food industries. In pharmacy,
most often as a solvent for some hardly water-soluble APIs, for example, anesthesin,
barbituric acid derivatives, fat-soluble vitamins, etc. It is also often used as a
stabilizer (oxytetracycline solution for intramuscular injections), a preservative and
a moisturizing component.

Glycerol triacetate (BP, PhEur, USP, CAS Ne: 102-76-1). Transparent,
colorless, viscous liquid, has a specific smell. It is mixed with water, chloroform,
toluene, ethanol 96 %. Boiling point — 258 °C. Chemical structure: 1,2,3-
propanetriol triacetate. Gross formula: CoH40¢. Molecular weight — 218,21 [12].

In pharmacy, it is used as a hydrophilic plasticizer, it is part of capsules,
granule shells, tablets. In the cosmetic and food industry, it is used as a solvent and
for fixing aroma.

Polyethylene glycol 400 (PEG 400) is a colorless, transparent, viscous liquid
with a faint characteristic odor. Organic HNS. Hygroscopic, has high osmotic
activity. It is mixed with water, methylene chloride, chloroform. It is used to dissolve
some hardly water-soluble APIs, for example, benzoic and salicylic acid, anesthesin,

sulfonamides, etc [12].
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Polysorbate 80 (PhEur, USP. CAS Ne: 9005-65-6). A mixture of partial
complex esters of fatty acids, mainly oleic, with sorbitol and its anhydrides
ethoxylated with about 20 moles of ethylene oxide for each mole of sorbitol and its
anhydrides. The oily liquid is colorless or brownish-yellow, transparent or somewhat
opalescent. It is mixed with water, ethanol, ethyl acetate, methanol, at room
temperature practically does not mix with fatty oils and mineral oil. The relative
density is about 1,10. Viscosity — about 400 mPa-s at a temperature of 25 °C [12].

Used as a stabilizer, emulsifier (non-ionic surfactant, forms emulsions of the
first kind).

Polyethylene glycol 40 hydrogenated castor oil (PEG 40 HCO) (BP, USP, CAS
No: 61788-85-0). At room temperature, a thick, viscous substance of white or almost
white color, has a specific smell. Soluble in water, ethanol and fatty oils. It is
characterized by a decrease in its viscosity with an increase in temperature.

In pharmacy, it is used as a solubilizer, stabilizer, viscosity regulator,
emulsifier (non-ionic, forms emulsions of the first kind). It is widely used in the
production of cosmetics in most cases in order to dissolve essential oils, lipid
perfume components and other hydrophobic substances. In addition, with external
use, it helps to soften the skin.

Glycerol monostearate (GMS) (BP. PhEur, USP, CAS No: 31566-31-1). The
solid, waxy substance or powder is uniform, or the flakes are white or almost white.
Practically insoluble in water, soluble in ethanol (96 %) and fatty oils at a
temperature of 60 °C. Melting point — 58-62 °C. Gross formula: S;;N4,04. Molecular
weight — 358,6 [12].

GMS is a mixture of monoacylglycerols, mainly monostearoylglycerol,
together with a variable content of di- and triacylglycerols. The total content of
monoacylglycerols is in the range of 40-55 %, diacylglycerols — 30-45 %,
triacylglycerols — 5-15 %.

In the manufacture of drugs and cosmetics, it is used as a plasticizer, stabilizer,

emollient, emulsifier (non-ionic, forming emulsions of the second kind).
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Distilled monoglycerides (DMG) (CAS Ne: 123-94-4). White or flesh-white
powder or granular solid, tasteless and odorless. Easily soluble in fatty oils and
ethanol, insoluble in water. They have a composition similar to GMS, but contain
90 % monoacylglycerols. Gross formula: C,;H4,04. Molecular weight — 358,56.

Refined ricin oil (PhEur, CAS Ne: 8001-79-4). Fatty oil obtained from ricin of
ordinary seeds by cold pressing followed by pressing. Transparent, colorless or
slightly yellow, viscous liquid, hygroscopic. It is mixed with ethanol (concentration
above 90 %), glacial acetic acid, difficult to mix or not at all mixed with petroleum
products. The relative density is about 0,958. Viscosity — about 1000 mPa-s. The
refractive index is about 1,479 [12].

It 1s used as API (ATC A 06A B 05), which has a laxative effect when using
15-30 g of oil internally. With external use, it has a softening effect on the skin,
strengthens the hair, and is also used to treat wounds, burns, ulcers, dandruff. As an
excipient, it is used in small quantities as a solvent for hydrophobic APIs.

Refined sunflower oil (BP, PhEur, USP, CAS Ne: 8001-21-6). Fatty oil obtained
from sunflower seeds by pressing or extraction is then refined. Clear, light-yellow
liquid. It is practically not mixed with water and ethanol (96 %), it is mixed with oil
refining products. The relative density is about 0,921. The refractive index is about
1,474 [12].

It is used in the food, paint and varnish industry, cooking, soap making. In
pharmacy, it is the main component of the oil phase of classical pharmaceutical
emulsions. It is also included in liniments, creams, ointments as a solvent, filler,
softening, liquefying substance.

Refined corn oil (PhEur, USP, CAS Ne: 8001-30-7). Fatty oil obtained from
corn seeds by pressing or extraction followed by refining. Clear, light yellow or
yellow oil. It is practically not mixed with water and ethanol (96 %), it is mixed with
oil refining products and methylene chloride. The relative density is about 0,920.
The refractive index is about 1,474 [12].

It is widely used in the food industry, cooking, as well as sunflower oil. In

pharmacy, it i1s used for the manufacture of tablets and capsules as a binding
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substance, as well as a solvent in preparations for internal, external and parenteral

usec.

2.2 Methods of the research

Solubility of the active substance. The study was conducted at a temperature
of 20+£2 °C. On electronic scales weighed simvastatin solution, added to the
corresponding minimum amount of solvent (1/2 of the weight of simvastatin
solution). Further, under constant visual control, the solvent was gradually added
until the solubility limit was reached, which was visually reflected by the complete
solubility of the active substance (positive result), or until the maximum amount of
the solvent was reached (ratio 1: x >10.000).

The result was considered negative if, at the maximum ratio of substance to
solvent, undissolved particles on the filter material were observed after filtration.
When a negative result was obtained, the test was repeated with heating in a water
bath. Simvastatin is a thermostable substance, however, given the peculiarities of the
use of surfactants, heating was carried out to a temperature of 65 °C, temperature
control was carried out using a laboratory thermometer. Interpretation of the results
obtained during the study was carried out according to the data provided in the SPU.

The thermal stability study was carried out in accordance with State standard
4765:2007 Cosmetic creams. General specifications. Three tubes of 14x120 mm by
2/3 volume were filled with the emulsion, preventing aeration of the contents of the
tubes. Kept in a thermostat at a temperature of 40-42 °C for 24 hours.

Stability was evaluated visually. The sample is considered stable if no more
than one drop of water or no more than 0,5 cm of oil layer is released in three test
tubes after thermostat.

The effect of changing the pH value on the properties of the samples was
investigated by adding concentrated hydrochloric acid (37 %) to reduce the pH value
and a pre-made aqueous sodium hydroxide solution to increase the pH value. The
study was conducted in compliance with safety rules when working with

concentrated acids and alkalis.
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Gradually, solutions were added to the emulsion by drops, periodically
controlling the pH using universal indicator strips (litmus), which in a strongly acidic
medium acquire a pink color, in alkaline - blue. Changes in the systems were
determined visually. The study is considered positive if no more than one drop of
the aqueous or oil phase is released when the pH value changes.

The effect of dilution was investigated by adding purified water gradually to
achieve a sample : water ratio of 1:100. Temperature of purified water — 37+2 °C.
Changes in the systems were determined visually. The sample stability during
dilution is indicated by its uniform distribution throughout the volume of purified
water.

Sedimentation and aggregation resistance studies were carried out for test
samples diluted with 100 ml of 0,1 M chloride acid solution, temperature — 37+2 °C.
Observations were carried out for 60 minutes, stirring periodically without the use
of intensive mixing techniques and maintaining the required temperature with a
water bath. Stability is confirmed by uniform distribution of emulsion particles in
0,1 M chloride acid medium for 60 minutes.

Dissolution test. It was used as part of biopharmaceutical tests. It was carried
out in accordance with the methodology given in the Order of the Ministry of Health
of Ukraine Ne 426 "Procedure for the examination of registration materials for
medicinal products submitted for state registration (re-registration), as well as
examination of materials on amendments to registration materials during the validity
of the registration certificate" in the version approved by Order Ne 3 of the Ministry
of Health of Ukraine dated 04.01.2013. A device with rotating blades Pharma Test
DT 70 (Germany) was used. The dissolution medium was 0,1 M chloride acid. Speed
— 50 rpm. Temperature — 37+0,5 °C.

Spectrophotometric study, was used as part of biopharmaceutical tests.
Determination of the optical density of the prepared solutions of the test samples,
and then the API quantification was carried out in accordance with the procedure of
Article SPU 2.2.25. Absorption spectrophotometry in the ultraviolet and visible

regions. Taking into account the specificity of API light absorption, studies were
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conducted in the visible area of light. An Evolution 60S spectrophotometer (USA)

with quartz glass cuvettes and a layer thickness of 10 mm was used.

CONCLUSIONS TO CHAPTER 2

1. The physicochemical properties of the active and excipients that were used
to develop the composition of the lipid system for simvastatin are presented.

2. The research methods used in the development and determination of basic
quality indicators of the base and experimental samples of the lipid drug delivery

system were selected and analysed.
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CHAPTER 3. RESEARCH ON THE DEVELOPMENT OF A LIPID
DELIVERY SYSTEM FOR SIMVASTATIN

3.1 Development of lipid base composition

The development of the composition of the base of the lipid system is based
on the choice of a solvent that ensures the maximum solubility of the API with the
minimum amount of the solvent itself, and the choice of surfactants and their ratio,
which fully and quickly provide the homogenization process in the GIT medium.

Solvent selection criteria:

- safety during oral administration;

- chemical indifference to API and other excipients;

- pharmacotherapeutic indifference;

- maximum dissolution of the active substance with a minimum amount of
solvent;

- physical compatibility with surfactants;

- availability of raw materials in the domestic market;

- economic accessibility.

Selection criteria of surfactants that are introduced into lipid systems:

- safety during oral administration;

- pharmacotherapeutic indifference;

- chemical indifference to API and other excipients;

- ensuring the homogenization process in an acidic medium at a temperature
of 37 °C without intensive mixing;

- ensuring proper rate of uniform distribution;

- availability of raw materials in the domestic market;

- economic accessibility.

Solvent selection was performed by examining the solubility of simvastatin
(Table 1).

The results obtained indicate the possibility of using a combination of ricin oil

with glycerol triacetate 4:1 as a solvent.
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Table 1

Solubility of simvastatin

Solvent Ratio
Purified water 1: 15000
0,1 M chloride acid solution 1:20000
Propylene glycol 1:200
Glycerol triacetate 1:5—1et!
PEG 400 1:90;1:3— 1ot
Castor o1l 1:100
Sunflower oil 1 :20000
Corn oil 1 :20000
Polysorbate 80 1:100;1:3— 1ot
GMS 1:2— 1ot
DMG 1:2— 1ot
PEG 40 HCO 1:2—1et
Castor o1l + PEG40 HCO 5 : 1 1:3—1fot
Castor 0oil + GMS 3 : 1 1:3— 1ot
Castor o1l + PEG 4003 : 1 1:4— 1ot
Castor oill + DMG 3 : 1 1:3— 1ot
Castor oil + Glycerol triacetate 4 : 1 1:2—1fot
Castor oil + Polysorbate 80 3 : 1 1:3— 1ot

Note: 1 — at a temperature increased to 65 °C

According to the selection criteria, Polysorbate 80, DMG, GMS, PEG 400
were selected as surfactants. In order to establish the optimal ratio of solvent :
surfactant, a study was conducted on the rate of uniform distribution of the mixture
in 0,1 M chloride acid medium (modeling of gastric juice medium by pH). The

studied ratios were chosen according to literary sources.
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The results showed that the solvent : surfactant ratio of 1 : 1,5 with such
surfactants as PEG 400 and Polysorbate 80 provides the fastest uniformity of
distribution (4 minutes). Therefore, for further research, we obtained samples of this

composition (Table 2).

Table 2
Composition of the test samples
Ingredients Sample Nel, g Sample N2, g
Castor oil 0.4 0.4
Glycerol triacetate 0,1 0,1
PEG 400 0,75 -
Polysorbate 80 - 0,75

For the samples obtained, the main indicators of their quality were monitored:
thermal stability, stability under pH changes (this is important for drugs for internal
use), stability when diluted and sedimentation and aggregation stability of the
diluted sample (this is important for understanding the uniform distribution of the

substance throughout the entire period of stay in the stomach) (Table 3).

Table 3
Quality control of the test samples
Quality indicators Sample Nel Sample Ne2

Thermal stability Stable Stable
Stability under pH

Stable Stable
changes
Stability in dilution Stable Stable

Sedimentation and
Stable Unstable

aggregation stability

The results of the study showed that sample Nel remains stable under all

conditions and retains sedimentation and aggregation resistance for 60 minutes.
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Sample Ne2 is also stable, but retains sedimentation and aggregation stability for no
more than 25 minutes, which is insufficient for the time spent in the stomach, so we

conclude that it 1s unstable.

3.2 Preparation and study of the lipid system with simvastatin

Based on the results of preliminary studies, a mixture of castor oil, glycerol
triacetate and PEG 400 was chosen as the basis for the lipid delivery system. The
next step is to add simvastatin to the base.

Here is a description of the stages of the technological process of
manufacturing model samples of lipid delivery systems with simvastatin in the
laboratory:

1. Weighing of APIs and excipients.

2. Preparation of the solvent by mixing castor oil and glycerol triacetate
in aratio of 4: 1. Since glycerol triacetate has a more viscous consistency than castor
oil, the mixture should be placed in a water bath to speed up the time of this
operation.

3. Dissolution of the active substance in the resulting mixture by heating
in a water bath (t = 65 °C). Stir slowly to accelerate dissolution and promote uniform
distribution of the active substance. It should be noted that intensive stirring is
undesirable as it may lead to the formation of air inclusions.

4.  Adding surfactants. PEG 400 (thick liquid) was added without
removing from the water bath at a temperature (t = 60-70 °C).

5. The stage of homogenisation of the mixture (without intensive stirring;
speed — 40-50 rpm, at a speed < 40 rpm the homogenisation time increases, at a
speed > 50 rpm the degree of aeration of the mixture increases, which leads to the
need to use additional equipment for deaeration).

6.  Visual inspection of the appearance of the test samples to confirm the

complete dissolution of the active ingredient and homogeneity of the mixture.
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Based on the results of the described technology, we propose a technological

scheme for the manufacture of lipid drug delivery systems with simvastatin in the

laboratory (Fig. 3).
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Fig. 3 Technological scheme for the manufacture of lipid drug delivery

systems with simvastatin
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To implement stages 5 and 6, it is necessary to determine the DF for the lipid
system. For the composition we have presented, it is advisable to use hard gelatin
capsules (for laboratory and pharmacy conditions) or soft gelatin capsules (for
industrial manufacturing conditions). In this case, intermediate quality control
consists of conducting studies of the main quality indicators of lipid systems, which
were presented in the previous subsection. Finished product quality control involves
conducting studies of lipid and pharmacotechnological quality parameters of
capsules. Pharmacotechnological studies of capsules include weight homogeneity
for a unit of dosed drug and capsule disintegration time.

The next step 1s to study the effect of APIs on the quality of the lipid system.
Therefore, for the system with simvastatin obtained by the described technology, the
main quality indicators were monitored (Table 4).

Table 4

Quality control of the lipid system with simvastatin

Quality indicators Sample

Appearance Liquid homogeneous mass with a slightly
noticeable yellow tint, has a completely dissolved

API without mechanical and air inclusions

Thermal stability Stable
Stability under pH

Y P Stable
changes
Stability in dilution Stable

Sedimentation and .
_ . Stable (60 minutes)
aggregation stability

It was found that the introduction of simvastatin into the developed lipid

system had no negative effect on its quality indicators.
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Thus, based on the results of the studies on the development of the
composition and technology of the lipid system with simvastatin, the following
composition was proposed (Table 5).

Table 5

Composition of the developed lipid drug delivery system with simvastatin

Ingredients Purpose Sample, g'
Simvastatin API 0,010
Castor oil Solvent 0,016
' Surfactant that promotes
Glycerol triacetate . . 0,004
the dissolution
PEG 400 Surfactant 0,015

Note: 1 — the dosage of simvastatin is selected in accordance with the
minimum dosage of the drug (tablet) available on the pharmaceutical market, and

the amount of excipients is also changed accordingly

3.3 Biopharmaceutical studies for the lipid delivery system of simvastatin

Since the introduction of APIs into lipid systems is carried out to improve the
solubility of APIs in the gastric juice environment, it is advisable to conduct
biopharmaceutical studies. Biopharmaceutical studies are conducted to confirm the
effectiveness of the developed system in vitro [23].

Biopharmaceutical research is an important element of pharmaceutical drug
development. It is thanks to biopharmaceutical research that we are able to produce
medicines with maximum efficacy and minimal unwanted side effects. Such
research is an intermediate stage between the development of a new drug or
improvement of an existing drug and it’s in vivo pharmacological testing. Creating
conditions as close as possible to those of a living organism during in vitro
biopharmaceutical research helps to optimise and minimise research on
experimental animals. In addition, by conducting appropriate tests specific to each

of the drug substances, biopharmaceutical studies allow predicting the
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bioavailability of the API, obtaining the results of the API release in vitro, which
will have a correlation with similar indicators in vivo.

The bioavailability of an active substance is primarily influenced by the
release of the API into the application medium. The choice of research method
depends on the type of DF.

When developing drugs for oral administration, biopharmaceutical studies
allow us to study the dependence of the rate and completeness of API release on
various biopharmaceutical factors, which is especially relevant for the development
of drugs using methods to improve the dissolution of the active substance [10].

Equally important is the choice of analytical method for the quantitative
determination of the content of the active substance in the dissolution medium.
According to the SPU, the quantitative determination of simvastatin is performed by
liquid chromatography. However, our chosen spectrophotometric method has a
number of advantages for use in the «Dissolution testy»: fast sample preparation and
results, no need for additional reagents, and optimisation of the study process, since
spectrophotometry is also used for detection in liquid chromatography. In addition,
the structure of the simvastatin molecule allows for direct spectrophotometric
studies, as it contains double bonds (chromophores), which characterise its ability to
absorb light.

Biopharmaceutical studies were conducted by comparing the kinetics of API
release from the developed systems and the reference drug [22]. Simvastatin-Sandoz
film-coated tablets from Salutas Pharma GMBH, Germany (series LX5161) were
chosen as the reference drug.

The reference product contains simvastatin 40 mg and excipients:
pregelatinised  starch, microcrystalline cellulose, lactose monohydrate,
butylhydroxyanisole (E 320), citric acid, magnesium stearate; coating components:
hypromellose, talc, titanium dioxide (E 171), iron oxide red (E 172), ethanol 96%
(evaporated during production), water (evaporated during production). In
accordance with the above composition, simvastatin in this product is unchanged.

The tablet contains standard excipients for such a drug, none of which improve the
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solubility of the active substance: fillers, baking powder, antioxidant, acidity
regulator, and antifriction agent. The film coating is gastric soluble.

Before conducting biopharmaceutical studies, preliminary studies were
conducted to develop a spectrophotometric method for the quantitative
determination of simvastatin and to establish the specifics of sample preparation for
the quantitative determination of APIs in the lipid system using the developed
method.

There are data on a spectrophotometric method for the quantitative
determination of simvastatin in blood plasma using methanol as a dissolution
medium. Since the systems we are developing are oral drugs, the methodology needs
to be modified and refined to transfer to a 0,1 M hypochlorous acid solution.

The solution of the simvastatin standard was prepared according to the
following procedure: an exact 0,050 g weight of the substance weighed on an
electronic analytical balance was placed in a 50 ml volumetric flask, dissolved in
20 ml of 96 % ethanol, and brought to the mark with the same solvent. 1,0 ml of the
resulting solution is placed in a 200 ml volumetric flask, the volume of the solution
1s made up to the mark with 0,1 M hydrochloric acid solution.

The absorption spectrum and optical density of the solution under study were
determined according to the method described in Chapter 2. The study was carried
out in the visible light region, at wavelengths from 220 nm to 270 nm, against the
background of a compensation solution: 0,1 M hypochlorous acid solution.

It was found that the absorption spectra of simvastatin at a concentration of
0,001 % in 0,1 M hydrochloric acid at wavelengths from 220 nm to 270 nm were
characterised by the presence of absorption maxima at wavelengths of 232 nm, 239

nm, 248 nm (Fig. 4).
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Fig. 4 Absorption spectrum of 0,001% simvastatin in 0,1 M hydrochloric acid

To confirm the obedience to the Bouguer-Lambert-Behr law, the optical

density of the studied simvastatin solutions was determined according to the

following method: 50 ml of 0,1% ethanol solution of simvastatin was obtained

according to the method described above, 0,1 ml to 0,9 ml of the resulting solution

was placed in a 10 ml volumetric flask, the volume of the solution was brought to

the mark with 0,1 M hydrochloric acid solution. Compensation solution — 0,1 M

hydrochloric acid solution.

To establish a linear dependence of the optical density on the concentration of

the solution under study, the corresponding graph was constructed (Fig. 5).
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Fig. 5 Graph of the dependence of optical density on simvastatin concentration

at the maximum absorption at a wavelength of 239 nm
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It was found that at a concentration of 0,0004 % to 0,0018 %, the solution of
simvastatin in 0,1 M hydrochloric acid followed the Bouguer-Lambert-Behr law,
and the proposed method was reproducible.

The stability of the solution obtained according to the above method for the
preparation of a standard solution of simvastatin was studied for 60 minutes, and the
optical density was recorded every 5 minutes. The solution was considered stable if
the deviation of the optical density values did not exceed = 1 %. The study was
performed at a wavelength of 239 nm. The results obtained indicate the stability of
0,0004 % solution of simvastatin in 0,1 M hydrochloric acid for 60 minutes, since
the relative deviation of the obtained optical density values was 0,54 %.

The method can be used for the quantitative determination of simvastatin.

It is also advisable to study the absorption spectra of the lipid base (Fig. 6)
and the reference drug (Fig. 7).
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Fig. 6 Absorption spectra of the lipid system base in 0,1 M hydrochloric acid

The obtained results indicate the presence of substances in the composition of
the base, which, over a wavelength of 220 to 270 nm, can increase the optical density,
which will adversely affect the reliability of the data obtained for the quantitative

determination of the active substance.
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To mitigate the effects of these substances in order to avoid measurement
errors, it was decided to produce a compensation solution for research with a lipid

system by dissolving the bases in 0,1 M chloride acid solution.
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Fig. 7 Absorption spectra of the reference drug in 0,1 M hydrochloric acid

The obtained absorption spectra of the reference drug in the medium of 0,1 M
chloride acid at wavelengths from 220 to 235 nm differs from the spectrum of the
standard sample. The increase in optical density in this wavelength range is due to
the influence of excipients that are part of the preparation, for example, butyl
hydroxyanisole, in the chemical structure of which there is an aromatic carbohydrate
compound. Nevertheless, the absorption maxima that are characteristic of the
reference standard are maintained at wavelengths of 239 nm and 248 nm. Since the
239 nm wavelength has been determined analytically, the selected preparation can
be used as a reference.

The basis of biopharmaceutical tests was a comparative study of the kinetics
of API release from the developed systems and the reference drug using the
Dissolution test. The study conditions were selected according to the method of use
of the drug. Since the developed system is a preparation for oral use a 0,1 M solution
of chloride acid (500 ml) at a temperature of 37+0,5 °C was used as a dissolution

medium. Analytical solutions were prepared according to the procedures described
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above. Aliquots (5 ml) were taken to determine the API concentration in the solution
every 10 minutes, each time restoring the selected volume, for 50 minutes.
The concentration of the resulting solutions (C, mg/ml) was determined by the

formula (1):

_ ACg'b

C )
Agt

(1)
where:

A — optical density of the test solution;

A — optical density of the standard solution;

Cst — concentration of the reference solution, mg/ml;

b — dilution.

The total amount of API that passed into the solution (X,, mg) was determined
by formula (2):
Xn = Co V4 22201, 2)

where:

C, — concentration of API in the solution after n minutes of the test, mg/ml;
V, — total volume of the test solution, ml;

Xi-1— the total amount of API that passed into the solution in n-1 minutes, mg;

V. — volume of aliquots selected for studies, ml.

Based on the results of the calculations, kinetics of API release were plotted
from the test sample and the reference drug (Fig. 8).

The reference preparation is characterized by a gradual increase in the amount
of simvastatin in solution for 50 minutes from 0,0906 to 0,1389 mg. The amount of
simvastatin in the test sample solution increases rapidly from 10 to 20 minutes.
Further, the indicators are reduced, which is associated with the peak concentration
at 20 minutes and the subsequent dilution of the solution with each renewal of the

selected aliquot.
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Fig. 8 Kinetics of API release from lipid system and reference drug samples

In addition, the amount of simvastatin in the test sample solution as early as
10 minutes is greater than in the reference drug solution after 50 minutes. It was also
found that the introduction of simvastatin into the lipid system not only improved its
solubility, but also significantly accelerated. This is indicated by reaching the
maximum API concentration in the lipid system solution 30 minutes faster than the
reference drug. It should be noted that according to visual observations, the process
of dissolving the lipid system and tablets of the reference drug occurred
simultaneously, which confirms the influence of the characteristics of the
composition of the drug and the state of the active substance in the drug on the

studied parameters.

CONCLUSIONS TO CHAPTER 3

1. The basis for the lipid delivery system was developed and the main
indicators of its quality were studied. The composition of the base includes castor
oil, glycerol triacetate, PEG 400.

2. The invention proposes technology of lipid drug delivery system with

simvastatin. The quality control of the obtained system was carried out, it was
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established that the API introduction into the system does not have a negative impact
on its quality indicators.

3. Methods for the quantitative determination of simvastatin by absorption
spectrophotometry in the visible region of light have been developed and it has been
established that this method is reproducible and can be used for the quantitative
determination of simvastatin.

4. Apreliminary spectrophotometric study was carried out and the features
of sample preparation for samples of the developed lipid systems, hard gelatin
capsules and reference preparation were determined.

5. With the help of the Dissolution test, using absorption
spectrophotometry in the visible area of light for API quantification, a comparison
was made of the speed and completeness of the release of simvastatin from the test
sample and the reference product. It was found that the introduction of simvastatin
into the lipid system helped to accelerate its dissolution almost twice and increased
the amount of release of the active substance into the medium of 0,1 M chloride acid,

compared with the reference preparation, by almost five times.



39

GENERAL CONCLUSIONS

1. Analysis of available literature on the development of oral preparations
with improved solubility of hardly soluble APIs has shown that various methods are
used to improve the solubility of substances depending on the chemical structure,
molecular weight and properties of the selected substance.

2. One of the factors in choosing a method is economic feasibility, since
manufacturers prefer more cost-effective methods (introduction into the
composition of the drug surfactant). Scientists most often use the formation of solid
dispersions and solid lipid nanoparticles, which is confirmed by the vast majority of
publications on these methods of improving solubility.

3. The development of drugs based on lipid systems is a promising
direction of pharmaceutical development, as it will expand the range of studies
conducted by Ukrainian scientists in order to improve the solubility of hardly soluble
substances. In the future, lipid systems can replenish the range of domestic
preparations for oral use with improved release and increased therapeutic activity of
APL

4. The physicochemical properties of the active and excipients that were
used to develop the composition of the lipid system for simvastatin are presented.

5. The research methods used in the development and determination of
basic quality indicators of the base and experimental samples of the lipid drug
delivery system were selected and analyzed.

6. The basis for the lipid delivery system was developed and the main
indicators of its quality were studied. The composition of the base includes castor
oil, glycerol triacetate, PEG 400.

7. The invention proposes technology of lipid drug delivery system with
simvastatin. The quality control of the obtained system was carried out, it was
established that the API introduction into the system does not have a negative impact

on its quality indicators.
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8. Methods for the quantitative determination of simvastatin by absorption
spectrophotometry in the visible region of light have been developed and it has been
established that this method is reproducible and can be used for the quantitative
determination of simvastatin.

9.  Apreliminary spectrophotometric study was carried out and the features
of sample preparation for samples of the developed lipid systems, hard gelatin
capsules and reference preparation were determined.

10. With the help of the Dissolution test, using absorption
spectrophotometry in the visible area of light for API quantification, a comparison
was made of the speed and completeness of the release of simvastatin from the test
sample and the reference product. It was found that the introduction of simvastatin
into the lipid system helped to accelerate its dissolution almost twice and increased
the amount of release of the active substance into the medium of 0,1 M chloride acid,

compared with the reference preparation, by almost five times.
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XXXI MixKHapo,IHa HayKOBO-IIPAKTUIHA KOH(EPEHIIis MOIOJNX BUSHHX Ta CTYJIEHTIB
«AKTYAJIBHI IINTAHHS CTBOPEHHI HOBHX JIIKAPCBHKIIX 3ACOBIB»

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). The main types of action of willow — anti-
inflammatory, analgesic, and antipyretic — are associated with salicin.

Thus, the use of Salix Viminalis L. extract as an API for the preparation of gels is relevant.
Further studies are planned to clarify 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 various
etiologies. The focus on natural APIs with antimicrobial, 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 semi-solid dosage form.

PROSPECTS FOR THE DEVELOPMENT OF MEDICINAL PRODUCTS
WITH IMPROVED SOLUBILITY OF THE ACTIVE SUBSTANCE
Dilai Fadwa
Scientific supervisor: Vyshnevska L.I.

National University of Pharmacy, Kharkiv, Ukraine
atl@nuph.edu.ua

Introduction. Oral route of drug administration is the simplest and most convenient, but at
the same time there is a problem of bioavailability of active substances, in particular poorly soluble
in water. One of the options for solving this problem is the introduction of poorly soluble substances
in the composition of self-emulsifying compositions (SEC). In this case, the possibility of oral
administration is preserved, and solubility, absorption in the gastrointestinal tract and bioavailability
are increased. This effect is achieved by proper ratio of excipients such as solvent, surfactant
(surfactant) and co-surfactant (co-surfactant).

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

Materials and methods. Literature sources were analyzed in order to study the peculiarities
of composition, 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 drug delivery systems f or oral administration, the
active pharmaceutical ingredients (API) of which are insoluble or poorly 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 AFIL. They can be fatty acids, vegetable oils, more modern — acetylated
mono-, di-, triglycerides of fatty acids. Among surfactants, sodium lauryl sulfate and polysorbates
are more common. Co-surfactants are polyethylene glycol-400 and poloxamers.

Additional substances found in modern literature are emollients and enhancers (glycerin,
isopropyl 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 gastric juice
spontaneously emulsifies, forming a microemulsion of oil-in-water type. Reduction of the particle
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Cexkiris 5
«BIODAPMAIEBTIYHI ACITEKTH CTBOPEHHS EKCTEMITOPAJIBHIX JIKAPCBKIIX 3ACOBIB»

size leads to an increase in the interfacial surface, which, in turn, improves the absorption of active
substances in the gastrointestinal tract and leads to an increase in bioavailability.

The following stages of SEC development are distinguished: study of API dissolution in
excipients, construction of ternary phase diagrams, direct preparation of SEC, evaluation of quality
parameters. Study of API dissolution in auxiliary substances is carried out in order to select the most
suitable solvent, surfactant and co-surfactant, which will ensure maximum dissolution of APIL
Construction of ternary phase diagrams is used to determine the best ratio of auxiliary substances, at
which the most persistent effect of self-emulsification is observed.

Preparation of SEC includes stages of API dissolution, preparation of surfactant and co-
surfactant solution, mixing and homogenization of the obtained solutions.

Assessment of quality parameters consists of studying the effect of dilution and pH change on
emulsion stability, as well as thermodynamic stability, determination of particle size, observation of
particle morphology, measurement of density (turbidimetry), viscosity (viscometry), determination
of refractive index (refractometry) and transmittance (UV spectrophotometry), study of release
profile in vitro to predict bioavailability and directly determine bioavailability by in vivo method.

Many foreign scientists have achieved significant results in the development of SEC and drugs
based on them. SEC are developed for fat-soluble vitamins, chemotherapeutic agents, nonsteroidal anti-
inflammatory, hypoglycemic, hypolipidemic, anti-epileptic, antihypertensive agents, hepatoprotectors
and others. Both synthetic (ivermectin, candesartan, valsartan, paclitaxel, butylphthalide, verapamil,
ibuprofen, glibenclamide, acyclovir, atorvastatin, carvedilol, fenofibrate, etc.) and natural (silymarin,
berberine) substances are chosen as APIs. Experimental data confirm the feasibility of introducing
insoluble or poorly water-soluble APIs into the composition of SEC, as it is confirmed that they improve
solubility, accelerate absorption in the gastrointestinal tract and increase bioavailability.

Scientists from the USA, India, China, South Korea, Germany, Switzerland and the UK are
engaged in the development and research of SEC. Some of the drugs have already entered the
pharmaceutical market and are actively used. For example, Sandimmune Neoral (Novartis, Switzerland,
active substance cyclosporine), Norvir (Abbott Laboratories, USA, active substance ritonavir), Fortovase
(Hoffmann-LaRoche inc, Switzerland, active substance saquinavir), Convulex (Pharmacia, Russia, active
substance valproic acid), Rocatrol (Roche, Switzerland, active substance calcitriol), Lipirex (Genus, UK,
active substance fenofibrate), Targretin (Ligand, USA, active substance bexarotene).

Conclusions. Thus, SEC is an innovative drug delivery system that allows oral administration
of insoluble or poorly water-soluble drugs, while improving their dissolution and increasing
bioavailability. Creation of new drugs based on SEC is relevant to expand the range of drugs with
increased bioavailability in the pharmaceutical market.

PROSPECTS OF BISACODYL USAGE IN VETERINARIAN PRACTICES
Kamal Saeed
Scientific supervisor: Semchenko K.V.
National University of Pharmacy, Kharkiv, Ukraine
tolochko.kv@gmail.com

Introduction. Bisacodyl is a powerful laxative that stimulates intestinal motility and is used

to treat constipation in both humans and animals. Although its use in veterinary practice is less
common, it can be useful in cases of severe constipation in dogs, cats, and some other species.
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XXX Mi>KHOpOAHQ HAYKOBO-MPAKTUYHA KOHAPEPEHLLIS MOAOAMX BYEHMX TA CTYAEHTIB
«AKTY AABHI MUTAHHA CTBOPEHHA HOBUX AIKAPCBKX 3ACOBIB)

10 MopiBHSAABHUI AHAAI3 KpeMiB AAS 06AMYYS Bia GpeHay "MR
SCRUBBER"

Aonosiaay: lfepmaHoBa Aap's
Haykosui kepisHuK: boaHap A.A., PhD, acucteHT

11 ApHika B romeonarii Ta cpiToTepanii: Bia cMHLIB A0 cTpecy
Aonosiaayi: Opaoscbka OAekcaHApa, BacuabyeHko Biktopis, lN'ytopka
Mukuta, AicayeHko €rop, MekaeHbypLes OAEKCAHAP
Haykosui kepiBHuK: OAitHMK C. B., K. doapm. H., AOLL.

12 NMcuxoAorivHi acnekTu Tepdanii AePMATOAOCTNYHUX 3AXBOPIOBAHD
AonoBiaa4y: AeMIHOBCHKA AAIHQO
Haykosui kepiBHuWK: BoaHap A.A.,, PhD, acucteHT

13 AocAiaAXeHHSs BNAMBY CYNO3UTOPHOI OCHOBU HA BUBIABHEHHS
NApALEeTAMOAY 3 AUTAYUX CYNO3UTOPIIB
Aonosiaay: Kpiokosa TetsHa
Haykosui kepiBHuk: CemueHko K.B. A doapm. H., npodp.

14 AOCAiAXEHHS 3 MOKPALLLEHHA PO34YMHHOCTI CUMBACTATUHY
Aonosiaay: Ainan Paaya

HaykoBui kepisHUK: BuiiHeBcbka A.l., A. doapm. H., Npodp.

15 Po3poBAeHHA CKAQAY €eKCTEMMOPAAbBHOTO 3acoby AAa Tepanii akHe

Aonosiaay: Aabao TetaHa

Haykosui kepiBHuK: OAiMHMK C. B., K. doapm. H., AOLL.

16 Development of the composition of veterinary drop for the
treatment and prevention of cat urolithiasis
Aonosiaay: YepHoyceHko KarepuHa
Haykosui kepisHuK: [Moaosko H.IM. A doapm. H., npodp.

17 AoCAiAXEHHS NOKA3HUKIB SKOCTI MPOTU3ANAABHOrO Npenapary 3
TicHodoAoriHOM
Aonosiaay: Prbak Hataas
HaykoBuiM kepiBHUWK: BuLHeBcbka A.l, A. doapM. H., Npodo.

18 Composition substantiation and technology development of
extemporaneous gel with Lemon balm and Willow bark extracts
Aonosiaay: 3amaxiuapi Maaak
HaykoBui kepisHuUK: bypsak M.B., K. doapm. H., AOLL.

19 Composition substantiation and technology development of
extemporaneous gel with Lemon balm and Willow bark extracts
Aonosiaaui: Bida Bogdana, Fomenko Inna
Haykosui kepisHuK: [ToAaoBko H.M. A doapm. H., Npodp.
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preparation»

Relevance of the topic. The solubility of active pharmaceutical ingredients in oral
medicinal products determines the rate and completeness of absorption of the active
substance in the gastrointestinal tract, as well as bioavailability and efficacy. Given
the predominant number of hydrophobic substances, it is important to conduct
research to improve their solubility in the agueous environment of the gastrointestinal
tract.

To improve the solubility of such substances, physical and chemical modification
methods and other technological methods are used. Among them, the method of
introducing hydrophobic substances into a lipid drug delivery system is promising.
This has a number of advantages: the substance is in a dissolved state at the time of
entry into the stomach, the speed and uniformity of distribution of the active substance
in the gastric juice environment, and in some cases, the levelling of the effect of the
first passage through the liver.

The expediency of developing drugs with improved solubility and the prospects of
working on lipid-based drug delivery systems confirm the relevance of this work.
Practical value of conclusions, recommendations and their validity. The
qualification work describes in detail the key approaches to improving the solubility
of hydrophobic active pharmaceutical ingredients. Particular attention was paid to
lipid-based drug delivery systems and simvastatin as a substance that can be used as
an example for this development.

The result of the presented qualification work is the substantiation of the optimal
composition of the lipid drug delivery system with simvastatin and its

biopharmaceutical studies.



Assessment of work. The qualification work in terms of theoretical and practical
research fully meets the requirements for qualification works.

General conclusion and recommendations on admission to defend. Fadwa DILAI's
qualification work 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 Lilita VYSHNEVSKA
«15» of May 2025
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Relevance of the topic. Improving the solubility of active pharmaceutical ingredients
that are difficult to dissolve in the aqueous environment of the gastrointestinal tract is
an important issue when developing oral medicines with hydrophobic substances of
active ingredients. Such substances have a number of disadvantages when
administered orally: due to their difficult solubility, the amount of absorbed substance
decreases, and they have low bioavailability and therapeutic activity. Therefore, to
obtain the optimal concentration of APIs in the blood and the desired efficacy of the
drug, various methods of improving the solubility of the active substance are used
when developing drugs with hardly soluble substances. One of these methods is to
incorporate them into lipid-based drug delivery systems.

Lipid systems are oral drug delivery systems that, due to their composition, can
improve the solubility of hydrophobic substances in the aqueous environment of the
gastrointestinal tract, promote their absorption, which leads to increased
bioavailability and therapeutic activity. Lipid systems are based on a hydrophobic
solvent (oil or organic) and surfactants, the optimal ratio of which implements the
above functions of the systems.

Theoretical level of work. New and deepened existing theoretical approaches to
solving the urgent problem of increasing the solubility of hardly soluble active
substances by physical modification of the substance, in particular, its introduction
into lipid drug delivery systems.

Author's suggestions on the research topic. The author independently chose the
method of improving the solubility of the substance. The choice was made on the basis

of studying and summarising the literature. The components to be selected for the lipid



drug delivery system are proposed. The main research methods have been selected and
processed.

Practical value of conclusions, recommendations and their validity. The
composition of the lipid drug delivery system with simvastatin is proposed, which is
an addition to the studies conducted in this area. Biopharmaceutical studies have
confirmed the effectiveness of the developed composition in vitro.

Disadvantages of work. The content of the work contains spelling mistakes and
technical errors. However, this does not reduce the value of the work.

General conclusion and assessment of the work. Fadwa DILAI's qualification work
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.

Reviewer prof. Olena RUBAN

«16» of May 2025
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3n00yBau Buiioi ocBith Fadwa DILAI mpencraBuna kBamidikamiiiHy poOoTy, sika 3a
00’€MOM TEOPETHYHUX Ta MPAKTUYHUX JOCIIHDKCHb ITOBHICTIO BIJIIOBiJIa€ BUMOTaM Ji0
odopmiteHHs KBaji(hiKalliiHUX POOIT.

KepiBHuk kBamidikaiiitHoi poooTu

Jlinis BUIIHEBCBKA

«15» Tpasus 2025 p.

BucnoBok kadenpu npo kBanidikauiiiny podory
KBaunigikaniiny poboTy po3riisiHyTo. 3100yBad Buoi ocsitu Fadwa DILAI nomyckaeTtbes
JI0 3aXHCTY AaHoi KBaiikamiitHoi podotu B Ex3amenartiiiniii Komicii.
3aBinyBauka kadenpu

aTEeYHOI TEXHOJIOTIT JIKIB

Jlinis BUIIHEBCBKA

«19» tpaBus 2025 p.
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with the grade

Head of the State Examination commission,
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/ Volodymyr YAKOVENKO /




