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[1.0.be3yrmii, B.I1.T'eopriescekuii, B.A.T'eoprisui, [.C.I'punenko,
T.A.I'pomosuii, C.M.Iporoso3, T.B.)XKykoBa (8ionosioanvruii cekpemap),
[.A.3ynanens, b.C.3imenkoBcrknii, C.M.KoBanenko, H.M.Kononenko,
O.M.Kotenko (dupexmop suoasnuymea), 3.M.Muymixo, B.J{.Op:nos,
M.®.ITaciunuk, [.M.Ilepues, b.A.Camypa, A.M.Cepatok, B.M.Tonouko

C.A.Augponari (Ogneca), O.M.binoson (Kuis), FO.JI.Bonsucekuii (Xapki),
G.M . Kitanov (Sofia), O.1.I'puzoay6 (Xapxkis), O.I1.I'yn3zenko (JIyrauncek),
JLIImurpieBcrkuii (Xapkis), T.I Kammtok (JIpBiB), FO.M.Kpacrononbscpkuii (XapkiB),
B.l.Kpecion (Oneca), I.A.Ma3yp (3anopixoks), B.I1.My3suuenxo (JIpBiB),
b.JI.ITapuoBcrkmii (JIsBiB), P.Szefer (Gdansk), S.D.Nikolov (Sofia),
M.M.Tumuenko (XapkiB), Z.Vincze (Budapest), JI.B.fIkoBieBa (XapkiB),
T.I' Spuux (XapkiB)

Y ueproBomy BHITYCKY 5KYPHAJIy IIPeJCTABJIEHI OPUTiHAJIbHI pOGOTH 3 TEXHO/10-
rii JiKapChKUX Npenaparis, y ToMmy 4uci OiopapManeBTHYHI J0CTiIKEHHS;
CTATTi 3 CHHTE3Y, peaKliiHol 31aTHOCTI Ta aHAJi3y 0i0/10TYHO AKTUBHUX pe-
YOBHMH Ta JIKAPCbKOI POCTHHHOI CHPOBHHU. PO3MIAHYTI akTyanbHI NUTaH-
HfAl Oprasizamii Ta eKoOHOMiKM (apMallii, BUCBIT/JIEHI esIKI aCTIEKTH eKcIIe-
PMMEHTAIbHOI (papMaKoJIorii.

J{1s1 HayKOBULIB, POBI30PIB, JIiKapiB, OPraHi3aTopiB CHCTEMHU 0XOPOHHM 3/10POB 1.

PexomennoBano Buenoro pamoro HamionansHOTO (hapMarieBTHIHOTO YHIBEPCUTETY
(mpotoxoi Nel0 Bix 28.05.2014 p.)

Kypnan “Bicuuk dapmarii” BKIFOYESHUI 10 nepeiky paxoBUX BUIAHb YKpaiHU JJIs ONyOIiKyBaHHS
pe3yabTariB qucepraiiiHux pooit 3 hapmaneBTnuHUX Hayk (octanosa [Ipesnnii BAK Ykpainu Big
16 rpynus 2009 p. Nel-05/6) ta mennunux Hayk (moctaHoBa Ilpesunii BAK Vkpainu Bin 1 nunus
2010 p. Nel-05/5).

32002 poky Chemical Abstracts Service 3miiiCHIO€ BiIOip Ta pO3MIIIIEHHS €IEKTPOHHUX BEpP-
ciit pedeparis xxypHaiy “BicHuk (apmarii” Ha cBoiil BeO-cTopinmi:http://www.cas.org
(xonm xypHaity: VFIAA?2)

© Haunionansauit GpapmaneBTHUHUH yHiBepcuteT, 2014
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Opranizaropu ®opymy — HatioHaabHa akaaemis MEIUUHUX HayK Ykpainu, HarionanbHa akazeMis Hayk Ykpai-
uu, Komnaniss LMT. 3a niarpuvku Komitery BerOBHo'l' Panu 3 muTaHb OXOPOHU 3;[0p0B’;1 MiHiCTepCTBa 0X0po-
HHU 3/I0pOB’sI Yipainn, [lepaBHO CITyKOH Yipainn 3 JIlKapCI)KI/IX 3aco0iB, [lepkaBHOT CaHITAPHO-EIIeMiOIOTYHOT
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3akinaiiB YKpaiHu, comialbHUX (OHIB.

DopyM 00’ €aHYyE:

I MIDKHAPOJIHUIM MEJIJMYHUM KOHI'PEC «BHpoBa/KeHHs Cy4acHHX JOCSATHEHb MEIHYHOI HAYKH
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BO-TIPAaKTHYHUX KOoH(pepeHiriii, 1o mpooasTees B 2014 pori», 3arBepmkeHo HAMH i MO3 VYkpainu.

MEDICAEXPO — MixkHapoiHa BUCTaBKa OXOPOHH 370POB’ s

PHARMAEXPO — Ml)KHapOILHa (papMaueBTHqHa BHCTaBKa

MEDZoom — 30Ha MaHCTep KJIaciB Ta npe3eHTau1H

InnovationZone — BinkpuTi npe3eHTanii iHHOBaliHHUX PO3POOOK rary3i OXOPOHH 300POB’S
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Ha HpO,Z[YKLIIH TOBapy MEAMYHOTO MPU3HAUYEHHS, JiKyBaJbHA KOCMETHKA YKPaiHChKHUX Ta 3apyOiKHUX BI/IpO6—
HHKIB, KPIM TOTO 3allJIJaHOBaHA OKpeMa EKCIIO3HUIIisi KOMIJIEKCHUX PilIeHb 11010 OCHAILEHHS alTeYHUX 3aKialiB
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MOXKJIMBICTb B3STH Y4acTh Y HayKOBO-TIPaKTUYHIN HpOFpaMl DopyMmy, OOMIHATHCS AOCBiAOM, OTPUMATH KOPUCHY
iHpopMaLito, pO3LMIUPUTH Ta YAOCKOHAIUTH MPaKTUYHI Ta TEOPETUYHI HABUYKH, MiABUILIUTH KBam(bu(amIo 30-
Kpema a7 papMaKkoIoriB, KIiHIYHUX (apMakosoris, papMaLeBTiB, po3poOHuKiB Ta nociianukis JI3 1Y «IncTH-
TyT (apmakosorii Ta Tokcukonorii HAMH VYkpainu» npoBoautuMe npakTuaHuii ceminap «lIpoBeneHHs moxmi-
HIYHHUX JOCITiKeHbY. [ mpeacTaBHUKIB anTeyHHX 3aKIIafiB, 3aBiqyBadiB anrtek, nmposizopiB TOB «AreHTcTBo
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METHODOLOGY OF CREATING AN ENCAPSULATED
DOSAGE FORM WITH BEE PRODUCTS. REPORT II

N.S.Bogdan, O.I.Tikhonov

Bukovina State Medical University
National University of Pharmacy

Key words: bee products, granules, capsules, antiulcer effect

On the basis of experimental studies the authors have demonstrated that a topical issue of the phar-
maceutical science today is development of the rational therapeutic dosage forms based on standar-
dized biologically active substances of bee products that have specific chemical and pharmacological
properties for new domestic, natural, highly effective drugs for prevention and treatment of ulcer diseases
of the human gastroduodenal area. The pharmaceutical market of drugs with the antiulcer activity of
different dosage forms has been analyzed. It has been found that dosage forms produced in a small
range are economically and socially efficient for further development of a completely new drug based
on bee products. Today science has proven that encapsulated dosage forms are promising. This dosage
form is a cost effective, and allows to encapsulate various drugs from substances in the solid state
to liquid and pasty ingredients. Research in recent years has confirmed that the choice of a rational
dosage form of drugs in combination with excipients provide the optimal pharmacological effect of
drugs under development, which production is possible both in industrial and pharmacy conditions.

The study of natural medicinal resources of our coun-
try in order to seek new sources of biologically active
substances and creation of national drugs on their basis
is a topical issue of pharmacy.

Continuing the experiments with the results pre-
sented in the publication [2] the aim of this study was to
develop an optimal composition and the rational tech-
nology of a solid dosage form — capsules for treating ul-
cerative gastroduodenal diseases.

As for this problem, bee products (pollen, propolis,
honey, bee venom, royal jelly, bee bread) are of particu-
lar interest as sources of the raw material. Volumes of
their procurement in Ukraine (the data of 1995) are: pro-
polis — 20 tons, pollen — 100 tons, bee venom — 200 kg,
honey — 40,000-60,000 tons, royal jelly — 100 kg and
wax — 800 tons. This amount is sufficient for industrial
production of drugs, besides it is a domestic raw mate-
rial that is always at hand, and its transport costs are
negligible.

Since ancient times bee products are widely used in
folk medicine to treat various diseases [19]. Fundamental
research of domestic and foreign scientists has proven
their high biological value and versatile pharmacologi-
cal activity (anti-inflammatory, antimicrobial, anesthetic,
antioxidant, immune-stimulating, antiradiation, antiulcer,
hepatoprotective, etc.). Moreover, they are practically
harmless to the human body [2, 3, 4, 8, 10, 15, 18].

Today specialized companies of Romania, Germa-
ny, France, Spain, Canada, Japan, Czech Republic and

others produce a rich variety of bee products. In addi-
tion, analysis of the literary data has shown that a lot
of publications are devoted to the research concerning
the use of apidrugs in medical practice: in dermatology,
surgery, gynecology, otolaryngology, dentistry and es-
pecially gastroenterology [3]. For example, in the treat-
ment of stomach ulcers disappearance of heartburn,
pain, improvement of appetite and the patients’ general
state are observed from the first days of administration
of a combination of propolis with rosehip oil and vita-
min E [3, 8, 10].

In treatment of chronic gastritis with low acidity
of the gastric juice a good result is achieved when us-
ing honey and kalanchoe emulsions with propolis and
aloe juice. This treatment promotes regeneration of the
mucous membrane of the stomach, improves the blood
circulation and stimulates the gastric secretion. In cases
when intake of honey causes heartburn, propolis and oil
solution with vitamin E is used.

The advantage of apidrugs is the fact that they (unlike,
for example, antibiotics) do not damage the normal intes-
tinal microflora, and only inhibit pathogens (this treatment
does not lead to dysbiosis) [8]. Moreover, if antibiotics
inhibit the body’s defenses, on the contrary, drugs with
propolis stimulate them. They also have other pharma-
cological properties that are very useful in the treatment
of peptic ulcer and other gastrointestinal diseases [8, 19].

Propolis drugs are multi-component systems of bio-
logically active substances. They contain more than 50 sub-
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Fig. 1. The share of capsules at the pharmaceutical market compared to other dosage forms for internal administration.

stances of different chemical poisons. The main groups
are resins, balms, essential oils and wax, as well as mine-
rals, vitamins, amino acids (from 8 to 17) and others. It
has been found that flavonoids are more than 25% of all
components of propolis.

Investigations of such researchers as S.A.Popravko,
0.1.Tikhonov, V.I.Litvinenko and others have shown that
flavones (luteolin, apigenin, etc.), flavonols (quercetin,
kaempferol, etc.), flavanones, phenolic acids (caffeic,
coumaric, ferulic, etc.) are in the composition of propo-
lis. The presence of terpenoids, such as acetoxybetule-
nol, bisabolol, aromatic aldehyde, isovanillin, benzoic
acid has been also found. In this regard, academician
Tikhonov O.1. developed waste-free processing of the raw
propolis, and it allowed to offer the Ukrainian health-
care a number of purified biologically active standar-
dized substances of propolis and apidrugs created on
their basis [4, 5, 6, 7, 8].

Taking into consideration the abovementioned, we
have studied almost all types of dosage forms, which
are the most optimal for development of drugs, have a
high therapeutic efficacy, bioavailability, and are cur-
rently being developed in a small range. As can be seen
from Fig. 1, the most interesting is the dosage form in
the form of capsules.

Capsules are a very common dosage form in develo-
ped countries. For example, in the USP XXIII there are
more than 220 articles on capsules, in the BP 1993 they are
over 50. This dosage form allows to encapsulate various
drugs: hard capsules filled with substances in the solid state
(powders, granules, microcapsules, etc.), soft capsules
filled with liquid and pasty ingredients. Pure substances,
without any additives (e.g. antibiotics) are often used as
the content of capsules. In the pharmaceutical industry a
direct filling of capsules with medicinal substances is quite
common. But some of them do not meet the technological
requirements of industrial equipment by their physical and
chemical characteristics and can not be filled to the cap-
sular shell without using the special methods to eliminate
their technological disadvantages. For example, granula-
tion, introduction of excipients, etc., are widely used.

Capsules are a dosage form; they are often intend-
ed for internal use, more rarely for vaginal, rectal, and
other routes of administration. There are two types of
capsules: soft gelatin capsules (Capsules molles) and
solid ones with caps (Capsules dure averculatae).

Recognition of a capsule dosage form and the grow-
ing interest to it is explained by a high bioavailability
and a number of advantages. They have a good appear-
ance, can eliminate a bitter taste, an unpleasant appear-
ance or odour of medicinal substances, and many pecu-
liarities such as:

Stability. In the manufacture of capsules medicinal
substances are not exposed to heat, encapsulation of drugs
can be intact (without wet granulation, pressure). Sealed
capsule keeps medicinal substances from microbial con-
tamination, exposure to air, light, moisture, dust, me-
chanical external actions, fluctuations in temperature.
Furthermore, the capsule shell provides protection of
the mucous membranes from the irritant action of cer-
tain medicines, and the latter, in turn, from the destruc-
tive effect on digestive enzymes.

A high bioavailability. Gelatin capsules are readily
soluble, permeating for digestive juices, and the phar-
macological action of the medicinal substance reveals
rather quickly (in an average of 4-8 min).

Rather high bioavailability of encapsulated dosage
forms is explained by the fact that the composition of
the shell includes gelatin — the product of partial hydro-
lysis of the collagen-containing raw material. Collagen
is the main protein component of fibrous connective tis-
sues of mammals. In the basis of its protein molecule
there is a polypeptide chain formed by twelve amino
acids, most of which are essential to the human body.
The main acids are glycine (27%), proline (16%), oxy-
proline (14%), lysine (5%) and others. Gelatin is easily
and rapidly absorbed even in severe disorders of the gas-
trointestinal tract; moreover, it is indifferent and non-
toxic.

Ease of use. Gelatin capsules are odourless and taste-
less, and thanks to their shape and surface properties
they are easy to use. As mentioned above, the basic ma-
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Table
Classification of hard capsules by size
Number 000 00 0 1 2 3 4 5
Average capsule size, cm? 1.37 0.95 0.68 0.5 0.37 0.3 0.21 0.13

terial of the shell is gelatin, which is a natural protein
that is easily digestible by the body. In oral administra-
tion the gelatin shell is wetted with saliva in the mouth,
glides well, thus, a capsule slips easily even with a slight
gulp. The shell quickly swells and dissolves in the gastro-
intestinal tract. Capsules can be transparent or opaque,
painted in different colours (to prevent photochemical
reactions of photosensitive substances, giving capsules
a good marketable appearance).

When encapsulating the undesirable effects of mois-
ture (as in wet granulation) or pressure (as in pressing
tablets) for some labile substances can be avoided. The
content of capsules may be solid or pasty (for gelatin
capsules with caps) and consists of one or more medici-
nal substances with a possible introduction of various
excipients approved for medical use.

Focus of the therapeutic action. The ability to pro-
vide a medicinal product specific properties is achieved
by introduction of excipients to the walls of the capsule,
their tanning or coating with special films. Due to it, to
obtain capsules with different release rates and locali-
zation of drug action is possible.

Physiological inertness. Modern production of cap-
sules is fully mechanized. With the automated method
of filling a high accuracy of dosing (with standard de-
viation of = 3%) and the minimal loss of drugs are gua-
ranteed.

The advantages of gelatin capsules listed provide
them a wide distribution in medicine. The disadvantag-
es of capsules include their hygroscopicity, which pre-
vents encapsulation of aqueous solutions, and the need
to satisfy certain conditions of storage.

Medicinal substances used to fill gelatin capsules
should be dosed at temperatures not exceeding 35°C in
order to prevent softening and destruction of capsules.
In addition, they should not dissolve the capsule shell,
do not have any negative impact, do not evolve gaseous
substances, do not increase in volume in order not to
cause tearing of capsules, as well as not to cause tan-
ning of capsules from the inside and reduction of their
solubility in the gastrointestinal tract.

In industry, to fill gelatin capsules the automated
complete production lines equipped with elements of
robotics, electronics and microprocessor technology
with efficiency of several hundred thousand capsules
per shift are used. In addition to the main technological
processes in manufacturing capsules there are auxiliary
processes associated with regeneration of wastes, sort-
ing and packing capsules, etc. On the automated lines
capsules closed with caps are delivered automatically
from the storage drum, substandard and nonstandard
capsules are rejected, other capsules are oriented in a
position comfortable for filling, caps are opened, cap-
sules are filled with a powdered or granulated medicinal

substance, then they are closed, substandard and empty
capsules are rejected and collected in special containers.
The filled capsules are delivered for dispensing and pack-
ing. Dosing on such automatic lines is carried out by
volume using piston-type, vacuum, screw or vibration
dosing devices (accuracy of dose = 2%).

Hard capsules (see their classification in Table) have
the shape of a cylinder with hemispherical ends and
consist of two parts: a shell and a cap; both parts must
be free to enter one another without forming gaps. The
inner diameter of the cap should match the outer diam-
eter of the shell. They have special grooves and projec-
tions for the “lock™ that prevents opening the capsule
during transportation. When connecting two parts they
form a standard-size container. Capsules should have a
smooth surface with no visible damage and mechanical
or air inclusions. For coloration of capsules such dyes
as tartrazine, indigo, titanium dioxide, and their various
mixtures, which are permitted for medical application,
are used.

Gelatin is a favourable medium for the growth and
reproduction of microorganisms; in its composition there
are stabilizing and preserving agents such as sodium
metabisulphate, benzoic acid, sodium benzoate, etc. To
prevent dissolution of capsules in the stomach aceto-
phthalate cellulose (4%) is also introduced to the compo-
sition of the capsule mass. Sometimes flavouring agents
are added into the capsule mass to give a pleasant odour,
and sugar as a sugar syrup is added to improve the fla-
vour of the capsule when swallowing. In some cases,
medicinal substances that have the local anesthetic ac-
tion (benzocaine) are introduced to the composition of
the gelatinous mass to form a capsule shell [15, 16, 17].

Humidity and temperature are the factors that af-
fect the gelatin capsule quality. For their best storage
it is desirable to keep temperature within 15-20°C and
humidity should be 30-40%.

Wide possibilities of prescribing drugs in the form
of capsules caused an increase in their production and
use around the world. After starting the use of antibio-
tics that have an unpleasant bitter taste in medical prac-
tice there was a growing interest of manufacturers to
encapsulated dosage forms. Over the past decades (from
the 1950-s) there has been production of modern auto-
matic machines for manufacturing gelatin capsules in
industrial-scale volumes, and it has become possible to
manufacture encapsulated drugs of different pharmaco-
logical groups (anticonvulsants, antiarrhythmic agents,
hypnotics, sedatives, anthelmintic agents, laxatives, di-
uretics, hypocholesterolemic agents, tranquilizers and
drugs with the antiulcer action) [7, 9].

The growth rate of manufacturing drugs in capsules
is far ahead of other similar indicators concerning solid
dosage forms (Fig. 2).
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But along with this, the nomenclature of encapsu-
lated drugs is small in our country and it is at the stage
of development.

Taking into account the abovementioned, we con-
clude that Ukraine has all the necessary conditions (raw
material, research and development, scientific person-
nel, etc.) for manufacture of domestic solid (capsules)
dosage forms from bee products (both in the conditions
of a chemist’s shop and pharmaceutical factories) and
for further development of one of the areas of medicine —
apitherapy.

In terms of the above, to solve this problem we have
conducted the research on selection and use not only of
biologically active substances, but excipients as well.

The term “excipients” summarizes a large group
of substances, both of natural and synthetic and semi-
synthetic origin. Their use in pharmaceutical technolo-
gy is always based on the following prerequisites: be
indifferent towards the macroorganism; to active ingre-
dients; have forming properties.

In terms of the classical drug technology the lat-
ter feature was dominant when choosing and assessing
excipients for drug manufacture since a dosage form as
the final result is estimated as the form that is the most
suitable for application, transportation and storage [17].

With the introduction of the biopharmaceutical con-
cept (G.Levy, J. Wagner) in the pharmaceutical technolo-
gy in the early 60-s the assessment of excipients as those
that provide the creation of a dosage form was changed.
At present excipients are considered to be potential carriers
of definite biological effects revealed in their combina-
tion with medicinal substances. They are an independent
integral part of drugs, a component that forms chemical
bonds with the active medicinal substance — inclusion
compounds. Therefore, introduction of a certain type of
excipients in a particular dosage form requires special

1980

Years
Fig. 2. Production of capsules in the world for the whole period.

1990 2000

studies (biopharmaceutical ones) in terms of their inter-
action with drugs.

In this respect, science-based application of excipi-
ents is one of the objectives of biopharmaceutics — cre-
ation of a dosage form with an optimal composition,
rational technology and high biological availability [1].

If medicinal substances provide the therapeutic effect
of drugs, then excipients serve a dual function: firstly,
they help to form the easily dosed mass, and secondly,
they provide release of a medicinal substance from the
dosage form [11].

The content of excipients should be minimized, or
more specifically, it should be optimal, so that their in-
fluence reduces to facilitating technology and providing
physiological availability. In this regard, the number of
some excipients is regulated by certain limits. Thus, the
total number of excipients should not exceed 20% of
the mass of medicinal substances (excluding diluents,
their number is not subjected to limitation). The amount
of talc should not exceed 3%, stearic acid, calcium stea-
rate or magnesium, Tween-80 should be 1% of the total
mass.

All excipients must be chemically indifferent, do
not have a negative effect on the quality of mixtures
in their preparation, transportation and storage, should
maximize the assimilation of active ingredients by the
body. Depending on their purpose they are divided into
the following groups: diluents, disintegrating agents lu-
bricants, adhesives, adsorbents, corrigents.

The group of diluents include substances that are
used to produce the required weight of capsules when
a medicinal substance is in their composition in small
doses (0.01-0.001 g). The main substances used for this
purpose are beet and milk sugar, glucose, sodium chlo-
ride, urea, calcium sulphate, basic magnesium carbon-
ate, calcium hydrogen phosphate, etc. Mannitol, sorbi-
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tol, bentonite, sodium bicarbonate, dextrose, starch can
be used as a diluent. Recently the arsenal of fillers has
been replenished with such substances as cellulose de-
rivatives, modified starches and others. Numerous stud-
ies have demonstrated the possibility of using cellulose
derivatives, including microcrystalline cellulose, etc.,
as fillers [8, 14].

The USP also recommends such diluents as calcium
carbonate, dibasic calcium phosphate, tribasic calcium
phosphate, calcium sulphate, microcrystalline cellulose,
powdered cellulose, dextrates, dextrin, dextrose, fructose,
kaolin, lactose, mannitol, sorbitol, starch, gelatinous starch,
sucrose, pressed sugar, confectioner’s sugar.

The role of diluents in the manufacture of capsules
is rather significant: they largely determine stability of
a drug, the extent and rate of its disgestion.

Lubricants are substances that improve the flowa-
bility of the powder mixture when filling of capsules,
as well as reduce adhesion of the mass to machine parts,
collectors, etc. Improved flowability of the material is
needed for fast, accurate and uniform filling of capsules.
As a result of good lubricity of the mass, the continu-
ous operation of the encapsulation system and uniform
dispensing of drugs sre achieved.

Substances that enhance lubricity include calcium
stearate, glycerol behenate, clarified mineral oil, poly-
ethylene glycol, stearine sodium fumarate, purified stearic
acid, talc, hydrogenated vegetable oil, zinc stearate, starch,
fat-free milk powder, aerosil, calcium silicate, magne-
sium silicate, colloidal silica. Recently the use of talc is
limited because it is not indifferent [19].

To reduce sticking of the material to machine parts
the substances, which are often called antiadherent sub-
stances or adhesives such as stearic acid, its calcium
and magnesium salts, hydrocarbons (ceresin, liquid and
solid paraffin) silicon carbon, are used.

By the mechanism of the lubricity action lubricants
are divided into three groups:

» substances that improve the flowability of granules

(starch, talc, polyethylene glycol, aerosil);

» antiadhesive substances (stearic acid, paraffin, sili-
cone lubricants);

» substance of the mixed type (calcium, magnesium,
and aluminum stearate).

Adsorbents are substances added to the powder mix-
ture in cases where it is composed of oils, fats and hy-
groscopic components. Absorbing the excessive mois-
ture adsorbents provide flowability of the mass, that is
why they are also called hydrostats. Bentonites, kaolin,
aerosil, magnesium oxide and basic carbonate, aluminum
oxide hydrate are also used as adsorbents.

There is no sense to use corrigents in the manufac-
ture of capsules because the gelatin shell masks the taste
and odour of medicinal substances; in addition, they do
not require introduction of a binder if the manufactur-
ing process does not include the stage of preliminary
granulation [7, 14].

Analyzing the abovementioned, the next stage of
our research will be to identify physical, chemical and
technological properties and characteristics of standard-
ized biologically active substances of bee products, ex-
cipients and their mixtures for creating an encapsulated
dosage form, i.e. fluidity, the angle of repose, bulk weight,
bulk density, moisture content and moisture absorption,
selection of the number of capsules by the known me-
thods.

CONCLUSIONS

1. It has been shown that a topical issue of the phar-
maceutical science today is development of the rational
therapeutic dosage forms for prevention and treatment
of ulcer diseases of the human gastroduodenal area.

2. The pharmaceutical market of drugs with the anti-
ulcer activity of different dosage forms has been ana-
lyzed.

3. Research in recent years has confirmed that the
choice of a rational dosage form of medicinal substances
in combination with excipients provide the optimal phar-
macological effect of drugs under development. Today
encapsulated dosage forms are promising; their production
is possible both in industrial and pharmacy conditions.
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METO[ONNOIA CTBOPEHHA KAMNCYNIbOBAHUX NIKAPCbKUX ®OPM 3 NMPOAYKTAMU
BOXIJIbHULUTBA. MNMoBigomneHHs Il

H.C.Boz2daH, O.l.TuxoHoe

Knrouoei cnoea: npodykmu 60xinbHUYmMea; 2paHynu; Karcynu,; npomusupaskosa 0is

Ha ocHosi ekcriepumeHmarnbHUX 00CideHb asmopamu roKa3aHo, WO akmyasrabHOK meMor ¢hap-
MauesmuyHoi HayKu cb0200eHHS € po3pobKa pauioHarbHUX meparnesmuyHUX flikapcbKux ¢hopm
Ha ocHosi 6iof102iYHO akmueHUX cmaHOapmu3o8aHux cybcmaHruyiti npodykmie 60xinbHUYUmea, sKi
Maromb crieyuchiyHi XiMiyHi i chapmakoioeiyHi ernacmueocmi Orisi CMEOPEHHST HOBUX 8iMYU3HSIHUX,
MPUPOOHUX, BUCOKOEGhEKMUBHUX JliKapChbKUX 3acobie 05151 npoginakmuku ma JliKy8aHHs1 eupasKo-
8UX 3ax8oprogaHb 2acmpodyodeHasibHOI 30HU ModuHU. poaHarnizoeaHo hapmayesmuyHull PUHOK
niKkapcbKUX rpenapamis npomusupaskoeoi akmugHOCMIi PISHUX fliKapCbKUX ¢hopM i 3’9co8aHO, U0
JikapchKi popMu, SiKi 8UpPObASIOMbLCS 8 HE3HaYHOMY acopmuMeHmi, € eKOHOMIYHO | coyianbHo Oo-
uinsHUMU 018 nodasnbwoi po3pobKU HOBO2O JliKapCbKO20 rpenapamy Ha OCHO8I MpodyKkmig 60Xirb-
Huumea. Ha menepiwHili 4ac Haykorw 008e0eHO, WO MepcrekKmMusHUMU y 0aHUX OOCITIOXKEHHSIX €
KarcynboeaHi niikapcbKi gpopmu. [ocnidxysaHa nikapcbka hopma eKOHOMIYHO 8uz2iOHa ma 003807151€
Karncymoeamu pi3HOMaHImHI fikapcbKi 3acobu: 8i0 pe408UH, siKi 3Haxo0simbCcsi 8 meepOoMy cmaHi, 00
pidkux i nracmornodibHux iHepedieHmig. Haykosumu AocnidxeHHIMU OCMaHHIX POKi8 nidmeepdxeHo,
wo 8ubip payioHarbHOI fikapCbKoi (hopMU NiKapCbKUX PEYOBUH Y KOMIIEKCi 3 O0OMOMDKHUMU CrOsy-
Kamu 3abesrneqye onmumarbHy ¢hapmakonoaidHy Oito po3pobrirogaHux npernapamis, 8U20MOB/IEHHS
SKUX MOXIIUBe SIK Y MPOMUCIIO8UX, MaK i 8 armeYyHUX yMOo8ax.

METO[OINOIMNMA CO30AHUA KANCYNMUPOBAHHBIX NEKAPCTBEHHbLIX ®OPM

C NPOOYKTAMU NMYENOBOACTBA. Coo6uweHue I

H.C.boz0daH, A.N.TuxoHO8

Knroueenie cnoea: npodykmbi nyenoeodcmea; epaHyribl; Karcyribl; npomueosiseeHHoe delicmeaue
Ha ocHoee akcrnepumeHmarnbHbix uccnedogaHuli asmopamMu rokasaHo, Ymo akmyasabHol memou
hapmayesmuyeckol HayKu ce200Hs s18risilemcs pa3pabomka payuoHaibHbIX mepanesmu4ecKux e-
KapcmeeHHbIX pOpM Ha OCHO8e bUOI02UYECKU aKmUBHbIX cmaHOapmu3upo8aHHbIX cybcmaHyul rnpo-
OyKkmoe n4enoeodcmea, Komopble uMerom crieyughudeckue XumMudeckue u ghapmakorioeudeckue ceoli-
cmea 01151 HO8bIX OMEYEeCMEEHHbIX, MPUPOOHbLIX, 8bICOKOIGHGHEKMUBHbLIX 5TIeKapCMeBeHHbIX cpedcme
018 rpogunakmuKu U fiedeHUs s38eHHbIX 3abonesaHuli eacmpodyodeHaribHOU 30HbI Yerioeeka.
lNpoaHanusuposaHbi chapmayesmu4eckuli pbIHOK JleKapCmMeeHHbIX rpenapamos rnpomueosi3geHHoOU
aKmueHOCMuU pasfiuYyHbIX JIeKapCmMeeHHbIX (hOPM U 8bIICHEHO, YMO /IeKapCmMeeHHbIE (hOPMbI, KO-
mopsbie pou38o0SMCs 8 HE3Ha4YUME/IbHOM accopmMUMEHMEe 3KOHOMUYECKU U CoyuarlbHO Uerecoo-
bpasHbl 05151 danbHelwel pa3pabomKu HO8020 JIEKaPCMBEHHO20 nperapama Ha 0CHO8e rpPodyKmos
nyernoeodcmea. Ce2o0Hs Haykou OoKa3aHO, Ymo nepcrnekmueHbIMu 8 0aHHOM uccriedo8aHuU s8-
JIAH0MCS KarcynupoBaHHble fieKapCmeeHHble ¢hopMbl. [JaHHasi nekapcmeeHHass hopma 3KOHOMU-
yecKu 8bl200Ha U r10380J11em Karicyupoeams pasfiuyHbie fiekapcmeeHHble cpedcmea, HadyuHasi ¢
geuwjecms, Komopbie Haxo0ssmcs 8 meepdoM cocmosiHUU, 00 XUOKUX U macmoobpasHbiX uHepedu-
eHmos. Hay4Hbimu uccriedogaHuUsiMu rnocrnedHuUx s1em noodmeepx0eHo, 4mo 8blI60p payuoHabHoU
JiekapcmeeHHOoU ¢hopMbI NIEKapCIMEeHHbIX 8eUeCM8 8 KOMII/IEKCe CO 8CrioMo2ameribHbIMU coedu-
HeHusiMu obecrieyugaem onmumarnbHoe hapmakosio2udeckoe delicmaue paspabambieaeMbix rpe-
napamos, u320moesieHUe KOmMopbIX 803MOXHO KaK 8 MPOMbIUWIIEHHbIX, MakK U 8 arnmeYHbIX yCr08USIX.
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The place and role of the biopharmaceutical classification system have been substantiated in the
article, the essence and content of biowaiver have been revealed, as well as their use in pharmaceuti-
cal development of bioequivalent solid dosage forms has been described. A new direction has been
presented. It is discovery and study of physical and chemical regularities of using active pharma-
ceutical ingredients, which influence on their pharmacological action. The dependence of the active
substance on technological factors, i.e. features of the pharmaceutical technology, has been studied.
It has become possible due to the use of modern perfect methods of estimation of drug efficiency and
mainly the possibility of determination of the content of active substances and their metabolites in
biological fluids, and it is necessary when considering a question about the therapeutic equivalence
of medicines. On the example of the active substance — bisoprolol fumarate, which belongs to class |
in accordance with the biopharmaceutical classification system, the kinetics of release and bioequiva-
lence have been studied. The kinetics of release of the active substance of 10 mq tablets of bisoprolol
fumarate and the corresponding original medicine “Concor tablets, 10 mg” has been studied in the
pH medium of 1.2; 4.5; 6.8. It has been proven that development of a new medicinal form is a difficult
process of the experimental research, therefore, for optimization of development of the composition
and technology of medicines under conditions of the laboratory of industrial pharmacy it is necessary
to use the most effective methods and methods of biopharmaceutical research, one of which is the
research of bioequivalence of solid dosage forms based on the study of physical and chemical prop-

erties of active substances using the biopharmaceutical classification system.

At the present stage of development of the pharma-
ceutical industry scientists are trying to establish the
dependence of action of drug substances on technologi-
cal factors, i.e. features of the pharmaceutical technolo-
gy. It has become possible due to the use of modern per-
fect methods of estimation of drug efficiency and mainly
the possibility of determination of the content of active
substances and their metabolites in biological fluids, and
it is necessary when considering a question about the
therapeutic equivalence of medicines. The results of this
research are widely used to improve the efficiency of
medicines and reduce their side effects.

For optimization of research of technological and
biopharmaceutical indicators of active substances de-
pending on their physical and chemical properties the
drug classification systems are used in pharmacy; they
are used as means to establish relationships or orien-
tation in various notions of the corresponding objects
performing the fuction of the unified description of the
range of medicines that are present at the pharmaceuti-
cal market in order to compare the volume of their con-
sumption at the national or international levels. Clas-
sification systems compare standardized and validated
information on the use of a medicine to check and de-
termine the structure of consumption, revealing draw-

backs when using, initiating educational and other spe-
cial events (for example, the classification of drug ad-
verse reactions, the study of the structure of antibiotics
consumption in different regions or individual countries in
order to strengthen the fight against antibiotic resistance,
etc.), as well as monitoring the outcomes of these ac-
tivities. In the second half of the twentieth century the
WHO proposed several uniform systematics of medi-
cines deprived of drawbacks of the classifications used
previously. They combine some classification principles
such as the mechanism of drug action, indications and
the chemical structure of the active pharmacological in-
gredient (API) that is present [3].

At present the Anatomical Therapeutic Chemical clas-
sification (ATC) system is widely used with the purpose
of obtaining statistical data on the drug consumption
at the regional or international level, the drug market
research, needs of production, classification of adverse
reactions of medicines, etc. With the help of ATC clas-
sification medicines can be encoded, their possible use
in therapy, potency and composition can be determined.
According to ATC classification all medicines are di-
vided into five main groups depending on their action
on a particular anatomical organ or system, and their
chemical, pharmacological, therapeutic and chemical
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properties. At the first level there are 14 major anatomi-
cal groups marked with one Latin letter: A — medicines
affecting the digestive system and metabolism; B — me-
dicines affecting blood system and hemopoiesis; C — me-
dicines affecting the cardiovascular system, etc. Each
group, in turn, is divided into therapeutic / pharmaco-
logical subgroups (the second and third level). The fourth
level is presented by therapeutic / pharmacological / che-
mical subgroups; the fifth one — by a chemical substan-
ce (API). The second — the fourth levels of medicines
are often used to identify pharmacological subgroups
(when it is more appropriate than determination of thera-
peutic and chemical subgroups). The Biopharmaceutics
Classification System (BCS) considers the relationship
of the three indicators — solubility of the drug sub-
stance, its dosage form dissolution and penetration of
APIs from the intestine after oral use into the systemic
circulation [2].

According to BCS all drug substances are divided
into four classes based on solubility in biological fluids
and permeability through biological membranes in the
gastrointestinal tract after oral administration.

The first class (I) of BCS includes active substances
with a high solubility and permeability having high in-
dicators of absorption and bioavailability.

The second class (II) of BCS are the active substan-
ces characterized by a low solubility, but a high perme-
ability through biological membranes, they differ by op-
timal indicators of absorption and bioavailability.

The third class (III) of BCS combines active sub-
stances with a high solubility, but a low permeability
through biological membranes, they differ by limited
absorption and bioavailability.

The fourth (IV) class includes active substances with
a low solubility and low permeability, they differ by
problematicity as for absorption and bioavailability [1].

The aim of the work is to prove bioequivalence of
solid dosage forms on the basis of the study of physical
and chemical properties of active substances using the
biopharmaceutical classification system.

Experimental Part

Within the biopharmaceutical concept medicines are
considered as a dialectically integrated specific physi-
cal chemical system, taking into account the impact of
mandatory variables (pharmaceutical, physiological, bio-
chemical) that acquire biological significance and in-
fluence on the drug efficiency and formation of their
bioequivalence. The drug efficiency can be determined
only by a careful study of the impact of both pharma-
ceutical and biological variables, each of which causes
a dominant influence on the various stages of the “life”
of a drug, beginning with creation and ending with its
production and the rational use [2, 3].

Physical and chemical and technological properties
of active substances are essential features when select-
ing the optimal composition of new effective and avail-
able dosage forms, as well as improvement of the qual-
ity of production of the known dosage forms that dif-
fer by the optimal life cycle at the world and domestic
pharmaceutical markets.

At the current stage a new direction develops in the
pharmaceutical industry; it is discovery and study of phy-
sical and chemical regularities of using medicinal sub-
stances, which affect their pharmacological action. First
of all, scientists are trying to establish a relationship of
the active substance on technological factors, i.e. features
of the pharmaceutical technology. It has become pos-
sible due to the use of modern perfect methods of esti-
mation of drug efficiency and mainly the possibility of
determination of the content of active substances and
their metabolites in biological fluids, and it is neces-
sary when considering a question about the therapeutic
equivalence of medicines. The results of these studies
are widely used to improve the efficiency of medicines
and reduce the risk of side effects. At this stage, the
role of pharmaceutical factors has been proven. During
experiments the influence of the physical condition: the
degree of fractionation, solubility, polymorphism and
other pharmaceutical factors on the activity of medici-
nal substances has been confirmed. Modern methods of
predicting the shelf life of drugs in most cases based
on decomposition of active substances. Using physical
and chemical factors that slow down chemical reactions
(temperature, pH, light, humidity, etc.) the changes that
active substances are subjected in the process of storage
can be checked in the short period of time [6, 7].

Pharmaceutical factors have a particular impact on
the therapeutic efficacy of medicines. They include five
groups: chemical modification of a drug substance (salt,
acid, the presence of ether bonds, complex compounds);
the physical and chemical state of a drug substance (cry-
stal form, particle sizes, the presence or absence of the
charge on their surface, etc.); excipients, their nature, num-
ber, the type of dosage form and the route of administra-
tion; excipients and pharmaceutical technology [8, 9, 10].

Results and Discussion

We believe that along with these factors it is neces-
sary to identify the interaction of active substances and
excipients, which are part of the dosage form and their
impact on the therapeutic efficacy of the dosage form,
dynamics and kinetics of release of the active ingredi-
ent, its bioavailability and bioequivalence.

On the example of the active substance — bisoprolol
fumarate, which belongs to class I in accordance with
the biopharmaceutical classification system, the kine-
tics of release and bioequivalence have been studied.
Since according to the biopharmaceutical classification
system the substance of bisoprolol fumarate belongs to
class I of substances with a high solubility and perme-
ability and has high indicators of absorption and bio-
availability, in order to confirm in vitro similarities of
10 mg tablets of bisoprolol fumarate of “Farmak” JSC
with the corresponding original medicine “Concor tab-
lets, 10 mg” the study of the kinetics of release of the
active substance (bisoprolol fumarate) was performed
in 3 standard media:

1) pH 1.2: the mixture of 0.2 M solution of hydro-
chloric acid and 0.2 M solution of sodium chloride;

2) pH 4.5: the mixture of the solution of 2.99 g/l of so-
dium acetate and 14.0 ml/l of 2 M solution of acetic acid;
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Fig. 1. The kinetics of release of the active substance of 10 mg tablets of bisoprolol fumarate
and the original medicine “Concor tablets, 10 mg” in the pH medium of 1.2.
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Fig. 2. The kinetics of release of the active substance of 10 mg tablets of bisoprolol fumarate
and the original medicine “Concor tablets, 10 mg” in the pH medium of 4.5.

3) pH 6.8: the mixture of 0.2 M solution of potas-
sium dihydrogen phosphate and 0.2 M solution of so-
dium hydroxide.

The study of release of the active substance was
performed on the devices for dissolution “Erweka DT
800” and “Erweka DT 700”. For research we used a
type of the device with a basket rotating with the rate
of 100 rpm.

The volume of the dissolution medium was 900 ml.
The temperature of the dissolution medium maintained
automatically was 37+0.5°C. The release profiles of the
active substance of 10 mg tablets of bisoprolol fuma-
rate and the corresponding original medicine “Concor
tablets, 10 mg” is shown in Fig. 1, 2 and 3.

As can be seen from the data, the kinetics of release
of bisoprolol fumarate from 10 mg tablets and the origi-
nal medicine “Concor tablets, 10 mg” is completely the
same and does not depend on the pH medium of release.
The full agreement of the profile and the amount of the
active substance release referring bisoprolol fumarate to
the first class of BCS allows to predict bioequivalence
of medicines and to register them according to biowaiver.

Development of a new dosage form is a complex mul-
tistaged process of the experimental research, therefore,
for optimization of development of the composition and
technology of medicines under conditions of the labo-
ratory of industrial pharmacy it is necessary to use the
most effective methods and methods of biopharmaceu-
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Fig. 3. The kinetics of release of the active substance of 10 mg tablets of bisoprolol fumarate
and the original medicine “Concor tablets, 10 mg” in the pH medium of 6.8.
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tical research, one of which is the research of bioequiva-
lence of solid dosage forms based on the study of physi-
cal and chemical properties of active substances using
the biopharmaceutical classification system.

CONCLUSIONS

The kinetics of release of the active ingredient — 10 mg
tablets of bisoprolol fumarate and the corresponding ori-
ginal medicine “Concor tablets, 10 mg” in the pH me-

dium of 1.2; 4.5; 6.8 has been studied. The results ob-
tained have shown that during the first 15 minutes under
these conditions more than 85% of the active substance
of both the reference medicine “Concor tablets, 10 mg”
and the test medicine “Bisoprolol tablets, 10 mg” have
been released; the release profiles of 10 mg tablets of
bisoprolol fumarate and original medicine “Concor tab-
lets, 10 mg” are completely the same.
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OOCNIOXEHHA BIOAOCTYNHOCTI TBEPOUX NIKAPCbKUX ®OPM HA NMPUKNAQLI
TABJIETOK BICOMPONONY ®YMAPATY BIAMNOBIAHO AO BIO®APMALIEEBTUYHOI
KNACUDIKALIMHOI CACTEMU

C.M.lypeeesa

Knroyoei cnoea: 6iochapmayesmuyHa KnacugikauitiHa cucmema; meepdi riikapcbKi ¢hopmu
MPOMUCII08020 8UPOBHUYMEa; KIHemukKka 8UBifibHeHHS; (hi3UKO-XiMiYHI erracmueocmi OiroHux
pedosuH; npoyedypa bioselisep; bioekgisaneHMHiIcmb

B cmammi obrpyHmosaHi micye ma pornb bioghapmauesmuyHol knacugikayiliHoi cucmemu, po3Kpu-
mo cymHicms i 3micm ripoyedypu biogelisep ma ix suKopucmaHHs y hapmauyesmuyHil po3pobui 6io-
ekgiganeHmMHuUx meepoux rikapcbKux ghopM. Po3kpumo Hoeul Harpsm — 8iOKpummsi ma 8U84eHHsI
hi3UKO-XIMIYHUX 3aKOHOMIpHOCMeEU 8UKOPUCMAaHHS aKmueHUX ¢hapMauesmuyHuUx iHepedieHmis, uwo
grnugarome Ha ix ¢ghapmakonozaiyHy dito. [JocnioxeHo 3anexHicms Qito4ux JliKapCbKUX pevyo8UuH 8id
mexHoro2iYHUX ¢hakmopie, mobmo 8id ocobnusocmetl chapmauesmuyHOI mexHoogzii, Wo cmarso
MOXUBUM 3a805IKU BUKOPUCMAaHHK cydacHUX OCKOHanux memodie OUiHKU eghekmueHoCmi fiKig i, 8
OCHOBHOMY, MOXITUBOCMI 8U3Ha4YeHHs1 eMmicmy Oilo4uX peqyos8uH, ix Memaboriimie y 6iornoaiyHux piou-
Hax, Wo € HeobxiOHUM ripu po32s1s10i MuMaHHs1 meparieamuyHoi ekgisarieHmHocmi nikie. Ha npuxnadi
ditoyoi peyosuHuU — bicornporony chymapamy, sika 8i0Hocumbcsi 00 NMepwozo Kacy y 8idnogioHocmi 0o
bioghapmauesmuyHoOi KnacugikauitiHoi cucmemu, 00CiOXKeHO KiHemMUKY 8ugifisHeHHSI ma bioeksiea-
nieHmHicmb. BucgimneHo 00cnid)eHHsT KIHemuKku 8uginbHeHHS dito4oi peyosuHu bicornporiony ¢by-
mapamy 3 mabnemok 10 Me ma 3 8i0rnogidHO20 opueiHabHO20 flikapcbko2o 3acoby «KoHkop, mab-
nemku 10 ma» y cepedosuuie pH 1,2; 4,5; 6,8. O0epxaHi pe3yrbmamu rioka3sanu, wo 3a nepwi 15 xe
y 3a3HavyeHuUX ymosax susinibHIembcs binbwe 85% 0Oito4oi pedosuHU SiK 3 penapamy MopPi8HSIHHS
«Konkop, mabnemku 10 me», mak i 3 0ocnidxyeaHozo npenapamy «biconponon, mabnemku 10 me».
LlosedeHo, ujo po3pobka HOBOI nikapcbKoi hopmu € ckradHuM bazamocmyrneHe8uUM MPOYECOM EKC-
nepumeHmarsnbHux 0ocnidxeHb, omxe 05151 onmumisauii po3pobku cknady i mexHosoz2ii nikapCbKux
3acobig 8 ymosax nabopamopii mpomucriogoi hapmauii HeobxiOHO suKopucmosygamu Halieghekmusg-
Hiwi memodu ma memoduku 6ioghapmauesmuyHux AocrnideHb, OOHUM 3 SKUX € Q0CrideHHs bio-
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eksigarieHmMHocmi meepoux ikapCcbKux ¢hopM Ha OCHO8I 8UBYEHHST (hi3UKO-XIMIYHUX enacmusocmell
Oito4UX peqy0o8UH 3 8UKOpUCMaHHSM bioghapmauesmuyHOI KnacugbikauyiliHoi cucmemu.

MCCIEOQOBAHUA BMOOOCTYNHOCTU TBEPObLIX NEKAPCTBEHHbLIX ®OPM HA NPUMEPE
TABJIETOK BUCOIMPOIOJIA ®YMAPATA OTHOCUTEJNIbHO BUO®APMALIEBTUYECKOW
KNACCUDPUKALIMOHHOWU CUCTEMbI

C.H.lypeesa

Knroyeenie cnoega: buoghapmayesmuyeckas KnaccugukayuoHHasi cucmema; meepoble
JiekapcmeeHHbIe (hopMbI MPOMbILIEHHO20 Mpou3godcmea; hu3uKO-XuMuUYeckue ceolicmaa
Oelicmeyrouux seujecms; npouedypa buoselisep; buoOIK8UBaNIEHMHOCMb

B cmambe o6ocHO8aHO Mecmo u pornb buoghapmayesmuyeckol KraccughukayuoHHOU cucmemsl,
packpbimo cyuHocme U codepxxaHue rpouedypbi buoselisep, a makxe Ux UCronb3osaHue 8 ap-
Mauesmuyeckux pa3pabomkax buoskeuganeHmMHbIX meepobix fieKkapcmeeHHbIX hopmM. Packpbimo
HOB8O€e HarpasrieHue — omKpbimue U UusyyeHue hU3UKO-XUMUYECKUX 3aKOHOMepHOcmel UcCrob306a-
HUST aKmuBHbIX ¢hapMay,e8mu4ecKUx UHepedUeHmos, KOmophble 8/USIFOM Ha Ux ¢hapMaKkosioeu4ecKoe
Oelicmeue. MccriedosaHa 3asucumocmb 0elicmayouleco 1eKkapcmeeHHO20 geulecmesea om MmexHo-
JioeuyecKkux ghakmopos, mo ecme om ocobeHHocmel hapmayesmuyeckol mexHonoauu, 4mo cma-
J10 803MOXHbIM bria200apsi UCMOIb308aHUK COBPEMEHHBIX COBEPWEHHBIX MEMOO08 OUEHKU aQhghek-
mueHoCcMu fiekapcme U, 8 OCHOBHOM, 803MOXXHOCMU ornpedeneHusi co0epxumoao delicmsyroujux
seuwjecms, ux memabosiumos 8 6uoIo2u4ecKUX XUOKOCMSIX, Ymo sierisemcst He0OX0OUMbIM MpuU pac-
CMOMpPEHUU 80ripoca O meparnesmuyeckol aKkeusaseHmHocmu fiekapcms. Ha npumepe delicmsy-
rowezo seujecmea — buconporiona ymMapama, Komopoe OmHOCUMCS K 1epeoMy Kiaccy 8 coom-
semcmeuu ¢ buoghapmayesmuyeckol KrnaccugukayuoHHoOU cucmemol, uccriedosaHbl KUHEMUKA
8bIC806OXOEHUS U buoakeusarieHmMHocmb. OmpaxeHo uccredosaHue KUHeEMUKU 8bIC8OBOXOEHUS
Oelicmsyrowe2o sewecmesa buconpornona ymapama uz mabnemok 10 Me u u3 coomeemcmeyro-
wieao opueauHarnbHo20 fiekapcmeeHHo20 cpedcmea «KoHkop, mabnemku 10 me» 6 cpedy pH 1,2; 4,5;
6,8. okasaHo, ymo pa3pabomka HO80U fieKkapCcmeeHHOU hOpPMbI 18MIIEMCS CHIOXHbLIM MHO20CmYy-
reHYambIM rPOoUEeCCOM 3KCrepuMeHmarbHbIx uccredosaHull, criedogamesnibHO 05151 onmumMmu3ayuu
paspabomku cocmasa U mexHos102uU fiekapcmeeHHbIX cpedcme 8 ycriogusix jabopamopuu rpo-
MbiwneHHOU ¢hapMayuu Heobxo0uMo UConb308amp cambie 3¢hghekmueHble Memoodbl U MeEMOOUKU
buoghapmauyesmuyeckux uccredosaHuli, 0OHUM U3 KOMOPkIX s8r1semcs uccriedosaHue buoakeuea-
JiIeHmHocmu maeepOobix /ieKapCmMeeHHbIX (hOPM Ha OCHOBE U3yHeHUST (hU3UKO-XUMUYECKUX ceolicme
delicmsyrowux seuiecms ¢ ucrornb3oeaHueM buoghapmayesmuyeckoll KraccughukayUuoHHOU CUCMEMBI.
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PO3POBKA CKJIALY EMVYJIBCIHHOI OCHOBH ITPU
CTBOPEHHI JJIIKAPCbKOI'O KOCMETHYHOTI'O 3ACOBY
JIJI51 BACTOCYBAHHS ITPU AHAPOTEHHIN AJIONELI

[.O.SApema, M.I.denopoBchka
IBano-®dpaHKiBCHKUI HAITIOHATBHUN MEIMYHUN YHIBEPCUTET

Knouosi cnosa: anopoeenna anoneyis,; emynsCitlia OCHO8A; eMYIbeAmMopl, 2e1eymeoproaui,
bioapmayesmuuni 00CIIOHCEHHA, MIKPOCKONIUHI O0CIOHCEHHS

DEVELOPMENT OF THE EMULSION BASE COMPOSITION WHEN CREATING THE
MEDICINAL COSMETIC PRODUCT USED IN ANDROGENETIC ALOPECIA

1.0.Yarema, M.l.Feodorovska

Key words: androgenetic alopecia; emulsion base; emulsifiers; gelation agents; biopharmaceutical
research; microscopic research

Androgenetic Alopecia (AA) treatment nowadays is still a difficult task of trichology and cosmeto-
logy as the range of medicines affecting the disease pathogenetic link and being suitable and safe to
use is limited. Bearing all that in mind an increased attention is paid to substances of the plant origin
based on phytosterols and flavonoids. Phytosterols are inhibitors of 5a-reductase — the enzyme,
which is responsible for appearance of AA, while flavonoids strengthen the cell wall and improve the
Skin circulation. Taking all that info account it is important to develop a medicinal product (MP) in the
form of emulsion for external use, which contains a dry extract of Saw palmetto (rich in phytosterols)
and the tincture of Japanese Sophora (the source of flavonoids). The pharmacological activity of
medicines for dermatological use largely depends on the nature of a base-carrier of active substan-
ces. Thus, the article presents the research results of the emulsion base composition development.
At the first stage 16 formulations of the emulsion bases with the pumpkin seed oil infroduced in their
composition as the oil phase have been considered. Emulsifiers and the gelation agent solutions (so-
dium alginate, xanthan gum, carboxymethyicellulose, Carbopol) have been used as stabilisers of the
heterogeneous system. Identification of the colloid and thermal stability has been performed for the
bases that are homogeneous in their appearance immediately after manufacturing. The bases that
had been tested were subjected to microscopic and biopharmaceutical research that allowed to find
the size and homogenity of the particles of the oil phase and determine the effectiveness of biologi-
cally active substances (BAS) release from the bases-carriers. On the basis of the studies conducted
it has been found that the bases that contain gelation agents such as Carbopol, sodium alginate and

xanthan gum, emulsifiers — Tween-20 and cetyl alcohol have the optimal properties.

[[{oneHHe BUTIAIIHHS BOJIOCCS — SIBUIIIE (i3ioyoriv-
He. [IpoTe B cuity pi3sHOMaHITHUX IPUYKH (BIUIUB CTpe-
CiB i TOKCHYHHMX PEUYOBUH, TOPMOHAJIBHUH AncOanaHc,
iH(deKIiiHI 3aXBOPIOBaHHS, 3aNalbHi Ta ayTOIMyHHI
NpPOIIECH, TPAaBMH IIKIpH TOJOBU TOLIO) CHHXPOHHICTD
(a3 KUTTEBOTO UKITy BOJOCHHH TOPYIIyeThes. B pe-
3yJBTaTi CIIOCTEPIraeThCs MaToIoriuHa BTpaTa BOJI0CCs
(ayomemist) [11].

OnHiero 3 HAOLTBLI TMOMMPEHAX q)opM OONTUCIHHS,
110 3yCTp1‘la€TI>C}I y SIK YOJIOBIKIB, TaK 1 y JKIHOK, € aHAPO-
reHHa anonenis (AA) — nporpecyrpode oOJIUCiHHS, BU-
KJIMKaHe JII€0 aHIPOTEeHIB Ha BOJIOCSHUHN (OMIKYI y 0ci0
31 CIaIKOBOO CXWIIbHICTIO [6, 12, 13]. JlikyBanus AA
Ha CHOTO/IHI 3aJIMIIAETHCS CKIAAHUM 3aBIaHHSIM Jep-
MaroJIoTii, OCKiIbKM HOMEHKJIATypa JiKapChKUX Mpera-
paTiB, sIKi O BIUTMBAJIM Ha TATOTCHETUYHY JIAHKY 3aXBOPIO-
BaHHs1, 0OOMeXeHa 1 pencrasieHa JI3 Ha 0CHOBI MiHOKCH-
oy (2-5% po3unHU ISt MiCLIEBOTO 3aCTOCYBaHHS) Ta
¢inacrepumy (TabneTku Ui MpUiioMy Bcepenuny). Bxa-
3aHi MpenapaTu XapakTepU3yIOThCs PSIOM HEIOJIKIB,
HAMBaXXITUBIILI 3 SKUX: AJS1 MIHOKCHIIMITY — TOTpeda B

TpUBANil Tepamii, BiACYTHICTb Aii HA MAaTOreHETUYHI JIaH-
KU 3aXBOPIOBAHHSI, BUCOKA BapTICTh; (NiHACTEPH]I POTHUIIO-
Ka3aHM JKIHKaM depe3 eMOpIOTOKCUYHUI e()eKT Ta y qo-
JIOBIKIB BUKIIMKa€ MOPYILEHHS cTateBoi QyHKii [8, 9, 14].

3 BpaxyBaHHSIM BHLIECBUKIIAJIEHOTO PO3POOKA JTiKap-
CBKHUX 3aC001B POCIMHHOTO MOXO/KCHHS, 1110 BILUINBA-
IOTh Ha maroreHe3 AA ((piToCTeposid EKCTPAKTY IUIO-
IiB MmanbMu cabajb), KpOBOOOIr BOIOCSHUX (OMIKYIiB
(pnaBoHOIAM HACTOIKHU coq)opﬂ ATIOHCHKO1) Ta € 0e3-
MEYHUMH TIPU TPUBAJIOMY 30BHIIIHBOMY 3aCTOCYBaHHI,
€ aKTyallbHUM 3aBJIaHHSIM cydacHoi (hapMalneBTHYHOI
Hayku [7, 10].

Tomy MeToI0 poOOTH € ONpaItOBaHHS ONTUMAIBHO-
0 CKJIQJly OCHOBH-HOCIS (piTOEMyIbCii, MpU3HAYEHOT AJIS
MICIIEBOTO 3aCTOCYBaHHS MPU aHPOTCHHIN aomnerii.

Marepiaau Ta MeTOIH

Ha nepmomy erari 1ociipKeHHS TPOBOAMIACE PO3-
poOKa piikoi eMYIBCIHOT OCHOBH, IO JI03BOJIsUIA O MaK-
CHUMAaJIbHO IIBUAKO 1 TOBHO BUBIJIBHATH Jil04i PEUOBHU-
HH, TIPY 1IbOMY TTOBHICTIO BOMpaacs MIKIpOIO TOJIOBH, HE
PpYy#HyBaja BOAHO-JIITITHOTO IIapy Ta He 00TsHKyBajia BO-
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Tabmmsa 1
HocnipKyBaHi CK1aZit OCHOB
Ha3Ba komrnoHeHTa | NoT | N22 | Ne3 | N24 | No5 | N26 | No7 | Ne8 | Ne8* | N29 | Ne10 | Ne11 | N212 | Ne13 | Ne14 | Ne15 | Ne16
Onisa rapbysa 50| 50| 50| 50| 50| 50|50(|50(|50/|50|50{(|50|50|50]|50]50]5,0
HaTpito anbriHat 1,0 - - - 1,0 - - - - 1,0 - - - 1,0 - - -
Kap6onon - 1,0 - - - 0,5 - - - - 1,0 - - - 1,0 - -
Kapb6okcmeTun- ) . 10 ) ) ) 10 ) ) ) ) 10 ) ) ) 10 )
Lientno3a
KcaHTaHOBa Kameab - - - 1,0 - - - 1,0 | 05 - - - 1,0 - - - 1,0
TBiH-20 301 30| 30| 30| 30| 30| 30|30/ 30 - - - - - - - -
MAP 3 macna - - - - - - -] - 1301]30]30]30]30]30]30] 30
conoakoro mmrganto
JTaHoniH epkanaH
(MET-75) 30| 30| 30| 30 30| 30| 30| 30
Letunosuit cnnpt - - - - 30 30| 30| 30| 30 - - - - 30| 30| 30| 30
go | po | po | po | go | mo | po | po | po | mo | mo | mo | mo | @o | mo | mo | mo
Bopa oumwena 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

noccst. [lonmepenHili mpakKTUIHUN TOCBIMl CBIAYUTE PO
Te, 1110 JJIsl CTBOPEHHS CTiiKOI eMyJbCiiHol crctemu [-ro
poay HeoOXi1HO 3aCTOCOBYBATH BEIHKY KUTBKICTD CHITb-
HUX emynbraropis [ 1, 4]. Po3pobmoBana sikapcbka dop-
Ma MpHU3Ha4YeHa [T TPUBAJIOTO Ta YacTOTO BUKOPHCTAH-
HS, a OT)KE HaaMipHa KUTbKICTh eMYJIbraTopiB MOXke BU-
KJINKATH MiCIIeBe MOJIpa3HeHHs, pyHHYBaHHS MIKipHO-
enijgepMaibHOro Oap’epy Toio. ToMy Ul OJepKaHHS
CTabLIbHOT eMYIILCIT IO CKIIaly TeTepOreHHOT CHCTEMH,
TIOPSIZT 3 eMYJIbraTopaMH MEPIIOoro i APYTOTO POIY, CITiJT
JIOJTaBaTH PO3YMHH BUCOKOMONEKyIsipHHUX crioiyk (BMC).
[Ipu BuOOPI eMyabraTopiB 3yNMUHUINCS HA PEUOBHHAX,
AKi 3aCTOCOBYIOTBCSA B CKJIa/i 0ararb0X KOCMETHYHHUX
3ac00iB I BOJIOCCH 1 1KipH, a came: TBiH-20, [TAP 3
ontii comomkoro murnaito (I-ro pomy), TaHOMIH epKaTaH
(ITET-75), nerunosuii ciimpt (II-ro poxy). B axocTi re-
JISyTBOPIOBauiB 0yJj10 00paHO HATPIO ajbIiHAT, KCaH-
TaHOBY KaMeJb MPUPOTHOTO MOXOKEHHS, KapOOKCH-
METHIIIIENIONO3Y Ta KapOOIOi CHHTETHIHOTO TIOXOIPKEHHSI.
Sx omiitHy a3y, 3acTOCyBalN 00 HAaciHHA rapOys3a,
OCKIJIBKH BOHA, KPIM (DOPMOYTBOPIOIOYHX BIACTHBOCTEH,
MIPOSIBIISIE AHTHOKCUIAHTHY 1 (DOJTIKYJIONPOTEKTOPHY JiF0
3a paxyHOK BMICTY TOJIHEHACHYEHUX KUPHUX KHCIOT,
¢itocTepuHiB, BiTaMiHIB Ta MiKpoenemeHTiB [10].
Po3po0mnroBaHi 0OCHOBH OIIHIOBAJIN 32 OpraHOJIEN-
TUYHUMH TTOKa3HUKaMH, BU3HAYAIN KOJOII0- Ta TepMO-
CTabIBHICTE. Y 3pa3Kax, 10 BUTPUMAIH BUTIPOOYBaH-
HSL, JOCTKYBaIN 0100CTYITHICTE Ta AUCTIEPCHICTD, BU-
KOPUCTOBYI04H cTaHaapTHi Metoauku DY 1 Bun., pos-
I «M’siki JTikapcehKi 3ac00M I MiCIIEBOTO 3aCTOCY-
BaHHI»[2]. CTyIiHb TUCIIEPCHOCTI Ta BU3HAYCHHS Ji-
HIHHHAX PO3MIpiB YaCTOK OMIMHOI (a3 IPOBOIUIH 3a

JIOTIOMOTI'010 eJIEKTPOHHOT0 Mikpockona «Delta Optical
Genetic Pro» 3 BMoHTOBaHOI0 Kameporo (00’ extus 40/0,65
160/0.17; oxynsap WF 10x/18). EpexTuBHicTh BUBiIIb-
HEHHsI 010JIOTIYHO AKTMBHUX PEYOBHUH 3 JOCIIHKYBAHUX
OCHOB BHM3Ha4asiu MeTonoM audy3ii B arap. Jlo ckiamy
HociiB BBoamiu 1Mo 10% HACTOWKH COPOPH SMOHCHKOI.
B stkocTi peakTUBY Ha ()EHONBHI CIOIYKH BUKOPHCTO-
ByBanu po3uuH 3amiza (III) xmopuay. Yamku Iletpi 3
JOCTIHKYBAaHUMH 3pa3KaMU TIOMIIIAIHN y TEPMOCTAT i
npu Temmneparypi 37°C gepe3 koxkHi 15 XBUIMH BUMI-
proBajiu aiameTp 3abapBieHuX 30H [2, 3].

PesyabraTu Ta ix 00roBopeHHs

Cximanu ocHOB HaBezeH1 y Tabmn. 1. OcHOBH, 10 HE
posmapyBaigucs Biapasy micis BUTOTOBICHHS (NolNe3,
4,5,6,8,8%12, 15), mananu BU3HAUCHHIO KOJIOITO- Ta
TepMOCcTabUTBbHOCTI. J[0TaTKOBO TSI OIIHKU CITOJKHB-
YHX TTapaMeTpiB OyIio MPOBEIEHO PO3PaXyHOK KOMILIEKC-
HOTO iHAEKCY sKocTi [5]. OTpuMaHi pe3ynbTaTi HaBe-
JieH1 y Ta0i. 2. 3a JaHUMU TaOJIUIll BUIHO, 1110 CTa01JIb-
HUMH € 3pa3Ky 3 aJIbl'iHaTOM HaTpiro, KCAaHTaHOBOIO Ka-
MEeJIIIIO Ta KapOOoIoJIoM, JI0 CKIIAAY SKHX B IKOCTI eMYITb-
raTtopiB BXOIATH IETUIIOBUNA CIIUPT 1 TBiH-20.

BxazaHni 0CHOBH TaKOX JTOCIIKyBaIl, BUBUYAIOUN
JMCTIEPCHICTD ONiHHOI (a3u Ta GiogoctymnHicTh. [Ipu
MIPOBEACHHI MIKPOCKOITIYHIX JOCIIPKEHb BUSBUIIH, IO
3pazku NeNed, 12 ta 8% € HEoqHOPITHUME 32 THCIIEPC-
HICTIO, OCKUJIBKY 3HAYHUM B1JICOTOK CTAHOBIISITH BEIUKI
¢paxuii (puc. 1 A-B). Cepenni po3mipu 4acToK A¥C-
repcHOi (a3 3HAXOMIATHCS B MeKax Bix 6,2 mo 8,1 M.
OcHoBu NeNe5 ta 8 € OibIT OJHOPIAHUME 3 CEPEAHIM
po3mMipoMm "acTok nucnepcHoi dazu 3,1 (puc. 1 ') Ta
4,1 mxMm Binmosigno (puc. 1 1). Hafimenmmuii Ta ogHO-

Tabnuisa 2
HocniyKeHHA MOKasHMKIB AKOCTi eMY/IbCiIHUX OCHOB
[Moka3HukK Ne3 Ne4 Ne5 Ne6 Neg8 Neg* Ne12 Ne15
OpHopiaHicTb + + + + + + + +
TepmocTabinbHicTb - + + + + + + -
KonoigHa cTabinbHicTb 3a 6000 06/xB - + + + + + + -
KomnnekcHun iHaekc skocTi (max 10) 6,6 7,2 7.3 7.4 8,0 8,1 8,0 8,0
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Puc. 1. ucnepcHicTb YacTok onirHoi dasn: A — ocHoBa Ne4; b — ocHoBa Ne12;

d, mm
30
25
20 _/“::——,:—::‘_:;—7 --- - 3pasok Ne4
T -~~~ 3pa3ok Ne5
15 7 —— 3pasok Ne6
74 ---- 3pa3sok Neg
10 s 3pasok Neg*
3pasok Ne12
5 p
0 T T T T T T 1
0 15x8 30x8 45x8 60x8 75x8 90 xB

B — ocHoBa Ne8*; ' — ocHoBa Ne5; [1 — ocHoBa Ne8; E — ocHoBa Ne6.

Yac| 15xB | 30xB | 45xB | 60xB | 75xB | 90 xB
Oeepr | Aeeps | Aeepsr | Aeepr | eeps | Aeeps
OcHoBa MM MM MM MM MM MM
Ne 4 15 16 17 18 20 20
Ne 5 16 17 19 20 20 20
Ne 6 18 20 21 22 23 24
Ne 8 15 17 18 19 20 21
Ne 8* 16 17 19 20 21 21
Ne 12 16 17 19 20 21 21

Puc. 2. fiarpama wBnakocTi BUBiNbHeHHss BAP heHonbHOT Nprpoan 3 OCHOB B arapoBui refb.

piaHMI PO3Mip YacTOK AucHepcHOl (pa3u Mae ocHOBA
Ne6 3 kapOomonom B sikocTi reneyTBoproBada (puc. 1 E).
OIHOPIIHICTB 1 BUCOKHH CTYIIHB TUCIIEPCHOCTI OJTi-
HO{ (ha3u BIUIMBAE HA PIBHOMIPHICTH PO3MOILTY JIFOUMX
KOMITOHEHTIB Ta WIBUJKICTh 1X BUBIJILHEHHS 3 OCHOBHU
i, BIAMOBIHO, HAa €()EKTUBHICTH PapMaKoIOTiuHOT Aii.
BiodapmarieBTryHI J0CIHIPKEHHS TTOKa3au (puc. 2), 1o
Haikpaie audy3is Ii04nX pedoBUH (PEHONBHOT IpHU-
poAM B arapoBHii TeJIb BiOyBaeThCs 3 OCHOBHU Neb.
Takum 4MHOM, Ha MIACTaBI MPOBEICHUX MIKPOCKO-
MYHUX Ta 0io(hapMaleBTHYHNX JOCIIKEHb, BU3HAYCH-
Hsl KOJIO10- 1 TepMOCTabinbHOCTI OyJI0 BCTAaHOBJICHO,
110 ONTUMAJIBHUMHU BJIACTUBOCTSIMH BOJIOAIIOTH OCHO-
Bu No5, No6 ta Ne8, siki BMIIIIYFOTh TeJICy TBOPIOBAYI Kap-
0o, anbriHar HaTpito Ta KCAaHTaHOBY KaMeb, EMYIlb-
raropu TBiH-20 1 HETWIOBUI CHUPT. Y MOAAIBIIUX J0-
CIII/DKEHHAX MM TUIAHYEMO BUBUUTH PEOJIOTIUHI BIla-

CTHBOCTI JIAaHUX OCHOB, OIPAIIOBATH TEXHOJIOTIIO iX
BHUIOTOBJICHHS, & TAKOX BHOPATH ONTUMAJIbHUH CIIO-
ci0 BBEJICHHS JIOYMX PEUYOBUH JIO CKIAAY JIKapChKOI
bopmu.

BHUCHOBKU

1. Ha mizicTaBi moKa3HUKIB KOJIOINO- Ta TEPMOCTa-
OUIBHOCTI BU3HAYMIIH, 1[0 HAHOUIBIII CTIHKUMU JI0 PO3-
IapyBaHHS € OCHOBH, JI0 CKJIaJly SKHX B SIKOCTI €MYJIb-
raropiB BXOJsTh TBiH-20 Ta IIETUIOBUNA CIIUPT.

2. 3a pe3ynbpraTaMyd MIKPOCKOIIYHUX JI0CIIKCHb
BCTaHOBWIIM, IO HAHOUIBIY CTYIIHb AUCTIEPCHOCTI Ma€e
ocHoBa Ne6, 110 BMIIIIy€ I'eJiey TBOPIOBaY KapOOIOJl.

3. bioapManeBTHUHUMHE JIOCTIJKSHHSIMH BCTAHOB-
JICHO, 1110 3pa3KH OCHOB 3 KapOOII0JIOM, ajbIiHATOM Ha-
TPIIO Ta KCAHTAHOBOI KaMEJIF0 aKTUBHO BUBUILHSIOThH
JUI0Yl PEUOBUHM; Cepell HUX HAWBUII TOKa3HUKH CIIO-
CTEpIraJiuch y OCHOBH 3 KapOOIIOJIOM.



18 BICHWK ®APMALLIT 2(78)2014 ISSN 1562-7241

JITEPATYPA

1. [Thaovuuesa C.A., [madyx E.B. // 3anopocckuii meo. scypu. — 2008. — No6. — C. 70-71.

Hepoicasna chapmaronest Yxpainu / Jleporcasne nionpuemcmeso «Hayrosuti-excnepmuuil papmaronetinuil yeHmpy. —
1l-e 6uo. — X.: PIPET, 2001. — 526 c.

3. Kpemu xocmemuuni. 3aeanvri mexuiuni ymosu.: JJCTY 4765:2007. — [Hunnuii ¢io 2009-01-01] — K.: Heporc-
cnoorcuecmandapm Yxpainu, 2008. — 7 ¢. — (Hayionanvuuii cmanoapm Ykpainu).

4. Hiximina M.B., Bapanosa 1.1., Hixonauuyx H.O. // @apmayis. — 2010. — Ne4(23). — C. 51-53.
5. llasx O.1., Coxonosa JI.B., Kosup I'P.,, bapna O.M. // 3anoposcckuti meo. swcypu. — 2012. — Ne3 (72). — C. 26-27.
6. Ceamenxo T.B., Anopuyya JI.A. // Medix. Anti-Aging. — 2011. — Ne1(19). — C. 65-69.

7. Chatterjee S., Agrawala S.K. // Natural Product Radiance. — 2003. — Ne2(6). — P. 302-305.

8. Kucerova R., Bienova M., Novotny R. et al. // Scripta Medica. — 2006. — Nel (79). — P. 35-48.
9. Messenger A.G., Rundegren J. // British J. of Dermatol. — 2004. — Ne§ (150). — P. 186-194.
10. Patil K.T. // Res. J. of Pharmac., Biol. and Chemical Sci. — 2010. — Nel (2). — P. 773-780.

11. Stefanato C.M. // Histopathol. — 2010. — Ne56. — P. 24-38.

12. Triieb R.M. // Experimental Gerontol. — 2002. — Vol. 37. — P. 981-990.

13. Wang E., McElwee K.J. // Dermatol. Therapy. — 2011. — Nel (24). — P. 337-347.

14. Yip L., Rufaut N., Sinclair R. // Australasian J. of Dermatol. — 2011. — Ne52. — P. 81-88.

PO3POBKA CKINALY EMYJIbCIMHOI OCHOBUW NP CTBOPEHHI NNIKAPCbKOIO
KOCMETUYHOIO 3ACOBY AN 3ACTOCYBAHHSA NPU AHOAPOIEHHIW ANONELL
1.0.5lpema, M.l.®edopoecnbka

Knrovoei crioea: aHOpozeHHa anoneyisi; eMyrbCiliHa OCHo8a; eMyrib2amopu; 2e/1eymeoprosavi;
bioghapmauesmuyHi O0CIOKEHHS;, MIKPOCKOMIYHi OOCITIOXEHHS

JlikysaHHs1 aHOpo2eHHOI anoneuii (AA) Ha menepiwHil Yac 3anuuwiaemscsi CKIadHUM 3a80aHHSIM mpu-
xonoeii i KocMemorsoaii, OCKiflbKU acopmumeHm nikapcbkux npenapamig (F1), sxi 6 ennusanu Ha na-
mozeHemuyYHy flaHKy 3axeoptosaHHs i 6ynu 3py4HUMU ma 6e3rieyHUMU y 3acmocy8aHHi, 0bMexxeHUU.
Tomy nidsuweHy ysazy sukinukarome cybcmaHuii pociIuHHO20 MOXOOXEeHHS Ha OCHO8I ¢himocmepo-
nie ma gpnasoHoidie. ®imocmepornu € iHzibimopamu 5-a-pedykma3su — chepmeHmy, wo 8idnosioae 3a
BUHUKHeHHST AA, a ¢hriagoHOoIOU 3MIiUHIOIOMb KITIMUHHY CMIHKY ma rnoKpawyoms WKipHUU Kpogooobie.
Bpaxosyroyu suwiesuknadeHe, cid 3asHa4yumu, Wo akmyasibHOK € po3pobKa flikapCbKo2o 3acoby
(/13) y cbopmi emynbcii 0151 308HIUIHBO20 BUKOPUCMAaHHS, IKa 8Milye Cyxuli ekcmpakm rs100ie narib-
Mu cabarnb (bazamul Ha ghimocmeposu) ma HacmouKy cogbopu SNOHCHKOI (Oxeperio ¢hriagoHoIdis).
®apmakornozidyHa akmueHicmb J13 0t 0epmMamorio2iyHo20 3aCmocy8aHHs 8 3Ha4YHIU Mipi 3arexums
8i0 npupodu ocHosU-HOCIA ditoHux cybecmaHyit. Tomy 8 cmammi npedcmasseHi pe3ynbmamu 00C/Ti-
OXeHb 3 po3p0obKu cknady eMysbCiliHoi ocHosu. Ha nepwomy emarni 6yno onpauboeaHo 16 peuer-
myp emyrnbCiliIHux ocHos, Ao ckiady sSIKUX 8 IKOCcmi onitiHOT ¢hazu 8800UsIU O1it0 HaciHHS 2apby3sa. Sk
cmabinizamopu eéemepo2eHHOI cucmemu 8UKOPUCMO8y8asiu KOMIM/IEKCHI eMylibeamopu ma po34uHU
eefnieymeoprosadis (anbaiHamy Hampito, KcaHmaHoeoi kamedi, kapbokcumemuryernonosu, kapboro-
ny). Ans ocHos, ki 6yriu 0OHOPIOHUMU 38 308HIWHIM 8u2ii0oM o0pasy ricrid 8U20MOEIeHHS, MPo8o-
Ousiu 8U3Ha4YeHHs Kooido- ma mepmocmabinbHocmi. OCcHO8U, W0 npolwiu 8unpobysaHHs, niddanu
MiKpOCKomniYHUM ma 6ioghapmauesmuyHuM O0CiOXKEHHSIM, SIKi O038071UMU 8CMaHo8UMU PO3MIp ma
0OHOPIOHICMb YacmokK OfitiHOI gha3u, a maKoX 8u3Ha4umu eQekmueHicmb 8UBINIbHEHHS 6iof102i4HO
akmueHux pedosuH (BAP) 3 ocHoes-Hociie. Ha nidcmasi nposedeHux AocnidxeHb byrio crmaHO8neHo,
wo onmumarbHUMU eriacmusocmsMu 805100ilomb OCHO8U, SKi eMillytomb 2erieymeopiosadi kapbo-
ron, ankeiHam Hampito ma KcaHmaHogy kamedb, eMyrnb2amopu meiH-20 i yemurnogud criupm.

PA3PABEOTKA COCTABA 3MYNbCUOHHOWN OCHOBbI NPU CO3OAHUU IEKAPCTBEHHOIO
KOCMETUYECKOIO CPELCTBA AN NPUMEHEHUA NPU AHOPOIEHHOW ANONELUN
n.0.5lpema, M.U.®edopoeckasi

Knroveesnie criosa: aHOpozeHHas anoneyusi; 3MynbCUOHHasi OCHOBa; IMyI1b2amopbl;
eeneobpasosamernu; buoghapmauyesmuyeckue uccredo8aHusi; MUKPOCKONMUYeCcKUe uccriedosaHusi
JleueHue aHOpozeHHoU anoneyuu (AA) Ha ce200HAWHUU OeHb ocmaemcs CroXHOU 3adaqyeld mpu-
X0/02uu U KocMemorioauu, MOCKOIbKY accopmuMeHm riekapcmeeHHbix npenapamos (/171), komo-
pble 6bi 8nuUANIU Ha Namoz2eHemu4yecKoe 38eH0 3abonesaHusi U bbinu y0obHbIMU U 6e30racHbIMU 8
MpUMeHeHuUU, o2paHu4eH. Baudy amozo noebiuweHHoe 8HUMaHUe 8bi3bigarom cybcmaHyuu pacmu-
mersibHO20 MPOUCXOXOEHUSsI Ha OCHOBe ¢humocmeposos u ¢hrragoHoudos. Pumocmeporbl A6SHMCs
uHaubumopamu 5-a-pedykmas3sbi hepMmeHma, omeeqaru,e20 3a 803HUKHo8eHUe AA, a ¢hriagoHOUObI
YKPEensitom KIemoyHyr CMeHKY U yrly4liarm KOXHOe KpogoobpalueHue. Yyumbieasi 8bILUIeU310KeH-
Hoe, akmyaribHoU serisemcs paspabomka nekapcmeeHHo20 cpedcmeaa (/1C) e hopme amyrnbcuu 0ns
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Hapy»XHO20 NMPUMEHEHUS, Komopasi cCooepxum cyxol aKkcmpakm rniodoes nanbmsi cabarns (6oeam Ha
gumocmeporibl) U HacmouUKy coghopbl SMOHCKOU (UCMOYHUK ghriagoHoudos). ®apmakoroauyeckas
akmueHocmb JIC 019 0epMamorno2uyecKoz20 MPUMEeHEeHUs1 8 3Ha4umesibHOU cmerneHu 3agucum om
rpupo0dbi 0cHo8bI-Hocumerns deticmayrowux cybecmaHyud. loamomy 8 cmamee npedcmasrneHsl pe-
3ynbmamal uccredosaHull no paspabomke cocmasa 3MysIbCUOHHOU OCHO8bI. Ha nepeom amarne
6b110 ompabomaHo 16 peyernmyp aMyrbCUOHHBIX OCHO8, 8 COCIMas KOMopbIX 8 Ka4ecmae MacrisiHoU
ghbasbl 8800UU Macsio CeMSIH Mbik8bl. B kasecmee cmabuniu3amopos 2emepo2eHHOU cucmeMbl Uc-
r10/1b308as1U KOMITIIEKCHbIE MY b2amopbl U pacmeopbl eefieobpasosameris (arilbeuHama Hampus,
KcaHmaHoegoU kamedu, kapboKcuMemusnyesnnao3sbl, kapboror). [4is ocHo8, 0OHOPOOHbIX 110 8HEWI-
Hemy 8uly cpasy rocsie u32omosrieHus, npoeodursnu onpedeneHue Koanoudo- u mepmMmocmabusibHo-
cmu. OcHo8bI, npowedwue ucrbimaHus, No0separu MUKPOCKOMUYECKUM U buoghapmayeemu4eckum
uccrnedo8aHUsIM, KOmMopbIe M0380/1UsIU yCmaHo8UMb pa3Mep U 00HOPOOHOCMb Yacmuy MacrsiHol
ghasbl, a makxe orpedenume 3¢hheKmMUBHOCMb 8bICBOO0XXOEHUS 6UOI02UYECKU aKMUBHbIX 8eLLEC8
(BAB) u3 ocHog-Hocumerel. Ha ocHogsaHuu rpogedeHHbIx uccriedosaHull 6bIr10 ycmaHo8IeHo, Ymo
onmumarbHbIMU ceolicmeamu obriadarom 0CHO8bI, coOepkaujue eereobpasosamesiu kapboror, arnb-
2UHam Hampusi U KcaHmaHo8yr Kameldb, aMyb2amopbl meuH-20 u yemusiosbit crupm.
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OBI'PYHTYBAHHS CKUIAAY OCHOBH 3 METOIO
CTBOPEHHA M’AAKOI'O JIIKAPCBKOI'O 3ACOBY
JJIA JIIKYBAHHA PAHOBOI'O TIPOLECY

B.B.IlImarenko

VYkpaiHchka BIHCHKOBO-MEIUYHA aKaAeMist

Knouosi cnosa: ocmomuuna akmuericms, 0CHOBA-HOCILL, 2i0pO@iNbH HEBOOHI POZUUHHUKU, PAHOBULL

npoyec; NiKapcoKull 3acio, m’axa aikapcovka hopma

SUBSTANTIATION OF THE BASE COMPOSITION WITH THE PURPOSE OF CREATION
OF A SOFT DOSAGE FORM FOR TREATING A WOUND PROCESS

V.V.Shmatenko

Key words: osmotic activity; base carrier; hydrophilic non-aqueous solvents; wound process;

medicine; soft dosage form

During development of a semisolid medicinal product for the treatment of pyoinflammatory processes
a special attention is paid to selection of an ointment base. The modern manufacturing of soft dosage
forms for treating pyoinflammatory processes gives advantage to medicines on the hydrophilic base,
which can be applied on a wound surface without disturbing perspiration. The absence of domestic
medicines for treating a wound process when transferring from stage 1 to stage 2 makes particularly
topical a research in developing new combined ointments for treating a wound process. One of the
most important indicators of the specific action of a medicine for treating a wound process is the
osmotic activity, which is involved in dehydration of a microbial cell and leads to a significant reduc-
tion of the biological activity and resistance of microbes. The osmotic activity of the samples of the
ointment bases has been studied in vitro by the method of dialysis through a semi-permeable mem-
brane in order to substantiate the optimal ointment base carrier and develop an ointment with the
antibacterial and anti-inflammatory action. It has been experimentally found that the base containing
the alloy of PEO-400 and PEO-1500 has the best dehydrating properties. When creating ointments
for treating a wound process in transferring from stage 1 to stage 2 it should be taken into account
that the most optimal are combined bases with a high effect of active medicinal substances release
that intensifies their stimulating effect, as well as bases with the ability to create a moderate level of
dehydration. Therefore, during the experiment in order to create a combined emulsion ointment base
the following emulsifiers have been chosen — MSG and cetostearyl alcohol in the amount of 3% and
5%, respectively. Vaseline oil — 20% has been used as an oil phase (the aqueous phase is purified
water— up to100 %). Based on the osmotic research conducted the composition of the emulsion base
for the ointment has been substantiated; it contains: PEO-400 — 4%, PEO-1500 — 1%, MSG — 3%,
cetostearyl alcohol — 5%, glycerol — 5%, vaseline oil — 20%, purified water — up to 100%.

dapmarieBTHYHA MMPAKTHKA, BUKOPUCTOBYIOUH TEOPe-
TUYHI 1 MPAKTUYHI TOCATHEHHS 3arajbHOOI0JIOT1YHHUX,
MEIMYHHX 1 TEXHIYHUX HayK, JO3BOJISIE 3 HOBUX MO3UIIIN
MiIATH 10 BUPIMICHHS MPOOJIeMU i BUIIEHHS e]ek-
THBHOCTI MEJIMKAaMEHTO3HOTO JIIKyBaHHs paH. TeopeTny-
HOIO OCHOBOIO TaKOTO POy pO3pOOOK € T0BeIeHUi (haKT
MIPUHITUTIOBOI €THOCTI O10JIOTYHUX 3aKOHIB 3aTOEHHS
paHM He3aJlIeKHO BiJ ii reHe3y (OImiKoBa, TpaBMaTHYHA
abo iHdexmiitHa) 1 JoKami3amii (BHyTPIlIHIX OpraHiB abo
30BHIMIHIX TOKPUBIB) [1, 4].

He3zanexxno Bix Buay panu i Mmacmtady BTpaTH TKa-
HUWH 3aro€HHs Oy/b-5IKO1 paHH BKITIOYAE MEBHI (a3u, gKi
MEPEKPUBAIOTHCS 32 YACOM 1 HE MOXKYTh OyTH Pi3KO po3-
MexkoBaHi. [Ipu nomini Ha ¢asu citi BpaxoByBari OCHOBHI
MopoItoriyHi 3MiHH B XO0JIi TIporiecy pemnapaiii [9].

Jst mikyBaHHS MicCIIeBUX iH(EKIiifHO-3aMabHAX 3a-
XBOPIOBaHb IIMPOKO 3aCTOCOBYIOTHCS M’ SKi JIIKapChKi
(hopMH BITUM3HSHOTO Ta 3aKOPOHHOTO BUPOOHHMIITBA [7].
Li mpenaparu 1o 6ararbox MOKa3HWKax HE BiJIOBIIAIOTH

CYYaCHHUM MEMKO-010JIOTIYHIM BUMOTaM. TaK, BOHU BH-
TOTOBJICHI B OCHOBHOMY Ha JIBOX THIIaX Ma3eBHX OCHOB:
BOJIOPO3YMHHIUX (CIIIABU MOJTIETUIICHOKCH/IIB) Ta €MYJTb-
cittnux [5]. EMysbciiiHi OCHOBH HE 3/1aTHI acopOyBaTH
B JIOCTaTHIN Mipi THiifHEe BUIIICHHS PaHH, a TOJiETH-
neHokcryiHi [ 10] ocHOBH 4epe3 OHOHAIPABIEHICTH 0CMO-
TUYHUX TPOIIECIB MPU3BOAATH A0 OCMOTHYHOTO IIIOKY
KIIITHH TPaHYIALIHHOT TKAHIMHU Ta CIIM30BUX O0OJIOHOK.
VY KITiHIYHIA TpaKTHII e MPOSBISAETHCA Y BUTIISI 3a-
ruleni rpaHyIAiiHOl TKAHMHH, MiCIIEBOT ITOPa3HIOIO-
40i i1, 00JHOBOTO CHHAPOMY 1 T. 1. [4].

[IpoBeneHi 1ocCiiKEHHS OCMOTHYHOT aKTUBHOCTI
3pa3KiB Ma3eBUX OCHOB Ta MOJEIBHUX €MYIbCiH, 1MO-
30aBIIEHUX BUIIE3a3HAYCHUX HEAOIIKIB, 3 METOIO PO3-
poOKHM Ha 1ilf OCHOBI KOMOIHOBaHOI Ma3i aHTHOAKTEpPi-
aJIBHOT Ta MPOTHU3ANAIBHOT il

Marepiaiu Ta MeToau

OcMOTHYHY aKTUBHICTh BUBYAIIU IIPU TEMIIEPATY-
pi 34+1°C y gocmigax in vitro MeTooM Jiani3y depe3
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Tabmusa 1
CkiaJy MOJIeTbHIX Ma3eBUX OCHOB
N° ocHOBM Tun ma3eBoi OCHOBM [lonomiHi peyoBUHU BmicT peyoBunH

Macno Ba3eniHoBe 25,0
TBiH-80 5,0
1 EmynbcinHa Tuny MB (XHIXOI) CnnpT LeTocTepunoBuin 25,0
MEO-400 12,0

Bopa oumweHa no 100,0
Macno Ba3eniHoBe 10,0
.. MEO-400 10,0
2 EmynbcinHa Tny MB Emynbratop Ne1 8,0
Bopa ounuieHa 72,0
3 ligpodinbHa MEO-400 80,0
MEO-1500 20,0
Aepocun 10,0
4 rigpodinbHa Bopga ounweHa 45,0
MponineHrnikonb 45,0
Bopa ounuieHa 85,0
5 rigpodinbHa MmiyepuH 10,0
NaKML| 5,0
Mcr 10,0
6 rigpodinbHa Bopga ounieHa 45,0
MponineHrnikonb 45,0

HaITiBIIPOHUKHY MeMOpany [2, 3]. HaBaxkka Ma3eBux oc-
HOB ckiagana 10,0 r, HamBIpoOHUKHA MeMOpaHa — 3He-
JKUpeHa KUIIka. BuMiproBaHHS MacHu BHYTPINIHIX U~
nigapiB nposommtm yepe3 0,5; 1; 2; 4, 8; 12; 24 ron
Ha aHamiTHIHUX Barax (A/IB — 200M) i3 TouHicTIO 110
0,001 1, momepeHFO BUTHUPAIOYH TX 13 30BHIIITHHOTO OOKY.
SIk cepemoBwuIIe I Jialli3y BUKOPUCTOBYBAIH BOIY.
KingpkicTp pianHHU, M0 TOTIMHAE Ma3eBa OCHOBA, BU-
paXkanu y BiICOTKaxX 0 MacH 3pa3ka, sSIKHW JI0CIiIKY-
BaBcs (10,0 ). BunpoOyBaHHS MPOBOIWIN TIPH TEMIIE-
patypi 34,0+1,0°C 3a nonomoroto tepmocrary TC-80
M-2. IlepioguuHo 00’€M BOIM OUYMIIEHOI y Miali3HIiN
KaMmepl TOBOIWIIH JI0 TTIOYATKOBOTO PIiBHSA. 3a Pi3HUIICIO
Macy MK IBOMa 3Ba)KYBaHHSIMH BU3HAYAIN KiJTbKIiCTh
piIWHY, 10 TOTIIHHAIAC.

PesyabTaTn Ta iX 00roBopeHHs

OcTaHHIME POKaMH HAMITHIACS TSHACHITISI 10 OLTBII
OTNITHUMAaJIbHOTO BUKOPHUCTAHHS Ma3ei, BPaXOBYIOUH HE
TIJBKH iX (papMaKoTepaneBTUYHI XapaKTEPUCTHKH, ajie

1 1HIIT TTOKAa3HWUKY: TUT HOCLsA, pH, TucniepcHiCTh, 0CMO-
TUYHI BJIaCTUBOCTI TO110. BpaxoByroun meauko-0ionoriy-
Hi BUMOTH, III0 BUCYBAIOTHCS 0 Ma3eBUX OCHOB, BOHU
OBUHHI BOJIOJITH JOCTATHHOI0 OCMOTHYHOK aKTUBHI-
CTIO. Y IMX BHUIMAJKaX OCMOTHYHA /i Ma3eBUX OCHOB
€ JIKyBaJIbHUM YNHHHUKOM, KM 3a0e3meuye HeoOXiaHi
YMOBH JJI 3aTO€HHS TOIIKOKEHOT MOBEPXHI TKAHUH
Ta MOCUJITIOE TIPOTH3ananbHy akTuBHICTh JI3 [1]. BBa-
JKAETHCS, IO TIPOSIB TIOMIPHOT OCMOTHYHOT aKTHBHOCTI
TpemnaparaMy MPOTU3AMAIBLHOI il CTIpuse Aerimpararii
B 30HI 3allaJIeHHs, 10 MPU3BOIUTH 10 3MEHIIIEHHS Ha-
OpsIKy 1 TPUCKOPIOE OOMIiHHI MTPOIIECH B TKAHUHAX.

Tomy 3 MeTOrO BHOOPY HOCIS Ma3i, IO PO3POOIISETHCS,
a TaKOXK i1 0a30BMX KOMIIOHEHTIB HAMH OYJTH JTOCITiKEeHI
OCMOTHYHI BJIACTUBOCTI 3pa3KiB Ma3eBUX OCHOB, K1 OyJIH
BM3HAYCHI HA OCHOBI aHaMI3y JiTeparypu [1, 6].

Cxutay MOZIENTPHHX Ma3eBUX OCHOB HaBEICHHH B Ta0M. 1.

OTtpuMmaHni naHi HaBeneHi Ha puc. 1 y BUIIAI KpH-
BHX 3aJI©KHOCTI MOTTIMHAHHA P1IWHU BiJ 4acy naiami3y.

300

N
[6)]
o

N
o
o
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Puc. 1. OcMoTMYHa aKTUBHICTb MOAENBHNX 3paskiB.
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Puc. 2. OcMOTUYHI BMACTUBOCTI MOAENbHOIT EMYNbCINHOI Ma3eBOi OCHOBM B 3aNeXHOCTI Bif, KOHLEHTpaUii rniuepuHy.

CKpUHIHT TaHUX TIOKA3ye, 0 MOAEIbHI 3pa3Ku Ma-
3€BUX OCHOB IMPOTArOM 24 roj NpOosIBISIIOTE BUPAKEHY
OCMOTHYHY aKTHBHICTb.

Tax, gepes 12 rog HalOIIBITY OCMOTHYHY aKTHB-
HicTh — 280£1,5% MaB 3pa3ok Ma3eBoi 0CHOBH Ne3, BU-
TOTOBJICHWH Ha IOJIiETHIIEHOKCHIHIN OCHOBI. Taka Bu-
COKa OCMOTHYHA aKTUBHICTh YAHUTHME CIIPUSTIIABY JIi0
Ha OYHIIEHHS THIITHOTO eKCyaaTy paHu.

B excriepuMenTi Ha 12 rox HailMEHITHH OCMOTHY-
Huil epext mposBuB 3pazok Ned — 90+2,4%. Bpaxosyto-
Y HEBEJIMKY OCMOTHYHY aKTUBHICTh IHOTO 3pa3Ka, IIf0
OCHOBY HEJIOLIJIbHO BUKOPHCTOBYBATH 3 METOIO CTBO-
pPeHHs Ma3el IS JIiKyBaHHS PaHOBOTO MPOIIECy MPHU
repexo;ii mepuioi ¢hazu B APYTY.

[IpoBeneni goCImiPKEHHAS TTOKa3aJIH, 0 Ma3eBi OCHO-
Br Nel Ta Ne2 1moka3yroTh CX0)Ki OCMOTHYHI BIaCTHBOC-
Ti (180,043,5%; 175,2+4,3% BiAMmoBigHO).

[TomipHO BHIITi OCMOTHYHI BIIACTHBOCTI TIOKA3aJIH 3pa3-
Ku Ma3eBUX 0cHOB Ne5 Tta Ne6 (230,3+2,4%; 250,2+3,6%
BIJIITOBITHO).

Tomy 1 MomanbIINX AOCIIHKEHh BUOpaHa OCHO-
Ba Ne3, sika mictuth cruas [TEO-400 1 ITEO-1500.

Binomo, o HaiO11b1Ty CTAOUTBEHICTH, BUCOKY JIHC-
MIePCHICTH Ta HEOOX1THI B’ A3KO-TUTACTHYHI BIIACTHBOCTI
eMyJIbCiii 3a0e31euye BUKOPUCTAHHS CyMilel eMyIb-
raTopiB IEPIIOTO Ta JAPYTrOro poay y MEBHHUX CITiBBIIHO-
IIeHHSX, [0 BU3HAYa€ BAKIMBY 1H()OPMAITIO TIPO MiXK-
(hazHy (hyHKIIIFO TOBEPXHEBO-aKTUBHUX pe4doBuH [1, 3].

BaximBrM MOMEHTOM, 1110 BU3HAYA€ BIIACTUBOCTI EMY-
TIBCiH, € HAIMOJIEKYIISIPHA CTPYKTYpa arperaTiB, yTBO-
peHux emyneraropamu [2, 6]. JlocaimkeHHS B IIbOMY
HampsMi aKkTyallbHi, OCKIJTbKH Ha TIACTaBi X pe3yib-
TaTiB MOKHA YTPABIATH K (Hi3UKO-XIMIYHUMH, TaK 1
OiodapMaIieBTHIHUMH BJIaCTUBOCTIMU MJI3: BUB1IIb-
HEHHSM 1 010JI0CTYITHICTIO JTIKAPCHKUX PEUYOBHH, OCMO-
TUYIHOIO aKTUBHICTIO, HEIIKITMBICTIO Ta iH. [3].

[Ipu BuOOpi eMynbpraropa BpaxoByBaJlach HE TiJlb-
KM WOTO 3[aTHICTh YyTBOPIOBATH CTAOLIBHI eMyIbeii 3
Bi/IMTOBIIHUMH KOHCUCTEHTHUMH BIACTUBOCTSIMHU, ajie
1 HEOOXiHICTh 3a0€3IeUNTH JIETKe 3MIITyBaHHS Ma3i 3
CEPO3HMMU BUIIJICHHSIMH Ta THIHHUM €KCYIaTOM.

Tabmuigs 2
MaseBi OCHOBU B 3a/IeKHOCTI
BiJj KOHLIEHTpaLil ITIiepnHy
MopgenbHi 3pa3ku
H
asea 1 2 3 4
MmiyepwuH 2,5 50 7,5 10,0

3 1i€r0 METO0 Ha OCHOBI MapKETHHTOBUX JOCITi-
JOKeHb (papMaIieBTHYHOTO PUHKY OyJI0 OOTPYHTOBaHO
BuOip emynsraropiB — MCI' ta ciupty neroctepuio-
Boro. Konnenrpanis MCI' cknamna 3%, a cnupty 11e-
TOCTEPUIIOBOTO — 5%, 110 OOTPYHTOBAHO MOTIEPETHIMU
nocipkeHHsamu [ 1, 8].

Sx oniliny (ha3y BUKOPUCTOBYBAIHM MAcCiO Ba3edli-
HoBe — 20% (BonmHa ¢a3a — Bona ounteHa — 10 100%).
[Ipwu Takiif KiITBKOCTI Maciia BAAE€THCS OTPUMATH CTIHKY
eMYJIbCIIO 13 3aJJOBUTPHIMH CITOKUBYMMHE MTOKa3HHUKA-
MU 1 B’SI3KO-TUTACTUYHUMU XapaKTePUCTUKaMU [§].

HacrymauM eTanoM Hamux J0CIiKeHb OyJI0 BU-
3HAYCHHS BIUIMBY Ta KOHIICHTpAIlii HEBOJHUX PO3YHH-
HUKIB, 30KpeMa TIIEepPHHY, HA OCMOTHYHI BJIaCTUBOCTI
00paHOoT Ha OCHOBI TOTIEPETHIX A0 CHIKEHh MOACIHEHOL
MazeBoi ocHOBH (Ne3). HeBogHMI PO3YHMHHUK BBOIHIH
110 TOTOBO1 eMyibcii mpu Temmnepatypi 40+2°C.

Cri BiJ3HAYUTH, IO IPU BUKOPUCTAHHI TIIIEPH-
HYy y CKJaJi Ma3eBOi OCHOBH TIiCJIsI 3aBepiieHHs (a3u
AKTUBHOTO OCMOCY HacTymae (haza «3BOPOTHOTO OCMO-
cy». Llelt po3UMHHHUK 371aT€H 10 IEHETPYI0Y0To e(peKTy,
10 JT03BOJISIE HOTO MOJIEKYJIaM TIPOXO/IUTH Y BOJIHE Ce-
penoBwile Kpi3b MeMOpaHy. 3aBAsSKU TaKid 31aTHOCTI
DJTIIEpUH CIPUSE€ CTBOPEHHIO Ma3eBUX OCHOB 3 TPHBa-
JIUM, ajie OLIbII M’ SIKUM JIET1IpaTyrouiM e(peKToM.

3 MeTor0 OOrpyHTYBaHHS KiJIbKICHOTO BMICTYy OCMO-
TUYHO aKTHBHOTO PO3YMHHHKA B CKJIJli Ma3eBOI OCHOBHU
HaMu 00paHo MIILEPHH Y Pi3HUX KOHLEHTpaLisx (2,5%,
5%, 7,5% ta 10%) Ta npoBeneHi TOCIiKeHHS il 0CMO-
TUYHOI akTUBHOCTI. CKItaj] BapiaOeIbHOCTI KOHIIEHTpa-
il DIieprHy HaBEACHO B Ta0M. 2, a CKJIAJ eMYJIbCIHHOT
OCHOBH OOI'PYHTOBAHO MOTIEPETHIMH JIOCITi JKSHHSIMHU.
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Pe3ynbrarti eKcriepuMeHTaIbHOIO BU3HAYEHHS OCMO-
TUYHOI aKTUBHOCTI MOJICJILHOI Ma3€BOT OCHOBH B 3aJICHK-
HOCTI BiJl KOHIIEHTpAIIT TIIIEPUHY HABECHI Ha pucC. 2.

[IpoBeneHi TOCTIKEHHS MOKa3aH, 10 MOJICIIbHI
3pasku 1, 3 Ta 4 MarOTh 3HaUYIi OCMOTHYHI BJIaCTUBO-
cti yepes 12 rox (160,0£2,7%; 170,242,5%; 165,2+2,1%
BinnoBinHO). [Ipore 3pazok N2 3Ha4HO BiIpi3HSIETHCS a0-
copOuiiiHoro 3narHicTio (195,5+2,7%). Takuii nomipHuii
BIJICOTOK ITOKa3HMKA OCMOTHUYHOT aKTHBHOCTI JIO3BOJISIE 3a-
0e3MeuYnTy BUTAJICHHS THIHHUX BUJILICHD 3 YPaKSHUX TKa-
HUH, TPOSIBUTH TIPOTH3AIAJIbHY aKTUBHICTb Ta 3a0e31euu-
TH TPUBAJIWH, ajie OUTBII M’ KU IETiIpaTyounii eexT.

[onepenimu nocmimrenasmu pod. JIJL larsH [3]
OCMOTHYHA akTuBHICTH MJI3 yMOBHO Oyiia po3momisie-
Ha Ha Many (o 83%), cepentto (10 193%) Ta BupakeHy
OCMOTHYHY aKTUBHICTS (Bi1 240%). Buxomsuu 3 BUIICBU-
KJIaJICHOTO Ta 3 PE3YJIbTaTiB JIOCIIKSHHS, MU 3POOHIIH
BHCHOBOK, 1110 OTpallbOBaHa Ma3eBa eMyJIbCiliHA OCHOBA
Mae CepeIHI0 OCMOTHYHY aKTUBHICTb. Y HAIIIOMY BUIIAJIKY
11e 00yMOBIIEHO siK JID, Tak i TOMOMIXHUMU PEIOBUHAMHU.

TakuM 4MHOM, Ha MiJCTaBl MPOBEICHUX OCMOTUY-
HUX JIOCITIPKeHb HAMU OOTPYHTOBAHO CKIIaJl eMYJIbCili-
HOT OCHOBH JIs Ma3i 3 BMICTOM miitiepuny 5%.

BUCHOBKU

1. Ha ocHOBI gocCiifgiB OCMOTUYHUX BJIIACTUBOCTEN
Ma3eBUX OCHOB OOpaHO ONTHUMAJILHUI HOCIH JIs Masi
— ocHoBy Ha 0a3i [IEO-1500 ta I[TEO-400, ocMoTHuHi
BJIACTUBOCTI SIKOT JIO3BOJISIIOTH 3a0€3MEYUTH YCYHCHHS
THIHOTO BUIIJIEHHS.

2. JlocaimkeHi OCMOTHYHI BIACTUBOCTI €MYJIbCii-
HUX Ma3eBUX OCHOB Ha OCHOBI Macjia Ba3eJIiHOBOTO 3
PI3HUMH TIOBEPXHEBO-aKTUBHUMH PEYOBUHAMH.

ExcniepuMeHTaIbHO BCTAHOBJICHO, 10 TIOMIPHY Jie-
rigparytouy Kito cepei KOMOiHALIN eMyIIbraTropiB Mae
MOJIeTIbHA EMYJIbCIsl sika MICTHTB 5,0% CIUpTY 1eToCTe-
puitoBoro Ta 3,0% MoHOCTeapaty IIilepHHY 3 BMICTOM
JIOTIOMI>KHUX pevuoBUH (Maciio BazeninoBe — 20%, -
uepuH — 5%, Boga ounteHa — 10 100%).

3. 3riiHO 3 pe3y/braraMuy JOCIPKEHHS in Vitro BCTa-
HOBJICHO, 1110 3alPOIIOHOBAaHA Ma3eBa eMYJIbCiliHA OCHO-
Ba Ma€ CEPEAHI0 OCMOTUYHY aKTHBHICTb.

4. Ha mizictaBi MpoOBEACHUX OCMOTUYHUX JAOCIIKSHb
HaMK OOTPYHTOBAHO CKJIaJl eMYJIbCIHHOT OCHOBH ISl Ma3i:
I[MEO-400 — 4%, ITEO-1500 — 1%, MCT" — 3%, criupty
LETOCTEpUIOBOTr0 — 5%, rminepuny — 5%, mMacia Base-
airoBoro — 20%, Boau ountenoi — g0 100%.
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OBIPYHTYBAHHA CKNNALY OCHOBU 3 METOKO CTBOPEHHA M’AKOIMO JIIKAPCbKOIO
3ACOBY OnA NIKYBAHHA PAHOBOIO NPOLIECY

B.B.llImameHKO

Knrodoei crioea: ocMomuyHa akmueHicmb, 0CHOBa-HOCIU, 2i0pohifibHi HEBOOHI PO3YUHHUKU;
paHosul fpoyec; nikapcbKul 3acib; M’sika nikapcbka ¢popma

Ocobnusa ysaea rpu cmeopeHHi JikapcbKux 3acobig (/13) 051 nikysaHHs eHiliHO-3ananbHUX rnpoue-
cig npudinsiembcsi 8UGOPY OCHOBU. Y CydacHOMY 8UPOBHUUMESI M IKUX JTiKapCbKUX ¢hopm Oris JliKyeaH-
Hs1 2HiliHO-3anarnbHUX rpouecie nepesaza Hadacmsbcs J13 Ha 2i0pohinibHUX OCHO8aX, SIKi MOXHa Ha-
Hocumu Ha paHosy rogepxHro 6e3 rnopyuweHHs1 nepcripauii. BiocymHicmb 8imyu3HsIHUX rfipenapamis
015 NiKy8aHHS1 paHo8020 rpouecy rpu nepexodi 3 nepwoi gpa3u 8 dpyay, Wo Crpustome npoyecam
pezeHepauii, Hadae akmyarnbHOCMI MOWYKY 3i CI8OoPEeHHST HOBUX KOMOIiHO8aHUX Ma3sel Orisi IiKysaH-
Hs1 paHo8020 npouecy. OOHUM 3 8aXK/TUBUX rOKa3HUKig crieyughiyHoi Oii J13 dns nikysaHHS paH08020
fpoyecy € oCMomuYHa akmugHicmb, 3a805IKU sKil 8i0bysaembCsi 3HEBOOHEHHST MIKPOBHUX KITiMmuH,
W0 8UKUKae cymmeese 3HUXeHHs1 bionoaiyHoi akmusHocmi i cmitikocmi Mikpobie. Memodowm diarni-
3y yepes HarliernpoHUKHy MembpaHy y docridax in vitro Hamu A0CriOXeHO OCMOMUYHY aKmueHIicmb
3pa3skKie Mazesux OCHO8 3 Memor ObrpyHmMyeaHHsI OMMUMasibHOI OCHOBU-HOCIS i po3pObKU Ha uil
ocHoei mMa3i aHmubakmepianbHOI ma rpomu3anasnbHoi dii. EkcriepumeHmanbHO 8CMaHOB/1eHO, WO
Halkpawumu dezidpamyroyumu grnacmueocmsmu 8os100ie OCHosa, sika micmums crinas NEO-400
i FMIEO-1500. lNpu cmeopeHHi ma3sel 05 30iliCHEHHS JliKy8aHHS y paHO80MYy ripoueci rid 4ac nepe-
xo0dy to2o 8id nepwoi do dpyeoi ¢hasu crid epaxosysamu, Wo binbw onmumManbHUMU Cr1id 8s8axxamu
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KombiHoB8aHi 0CHO8U, sIKi 3abe3redyomb 8UCOKUL eheKm 8UBINbHEHHS NliKapcbKux cybcmaHuit, wo
rocuroe ix cmumyrnody 0ilo, @ MakoX OCHO8U, SIKi CMeOoPIMb 8 paHi NMomMipHUl pieeHb dezidpa-
mauii. Tomy 8 x00i ekcriepuMeHmy 3 Memor CIMeoPEHHSI KOMBIHO8aHOI eMy b CiliHOI Ma3e8oi OCHO8U
Hamu obrpyHmosaHo 8ubip emynbeamopie — MCIT ma cnupm uyemocmepunosgul 8 Kinbkocmi 3%
ma 5% eidnosidHo. Sk oniliHy a3y sukopucmosysasnu macno easesniHoge — 20% (8o0Ha ¢hasa —
800a oyuueHa — 0o 100%). Ha nidcmasi npogedeHux ocMomuy4HUX 00OCITiOXeHb Hamu 0BrpyHmMos8aHo
cKnad emyrbCitiHoi ocHosu 0nsi masi: [NTEO-400 — 4%, MNMEO-1500 — 1%, MCI™ — 3%, cnupmy uemo-
cmeapusioeoeo — 5%, eniuepuHy — 5%, macna easeniHogozo — 20%, 8o0u o4uweHoi — o 100%.

OBOCHOBAHUE COCTABA OCHOBbI C LIENNbIO CO30AHUA MANKOIro NEKAPCTBEHHOIO
CPEOCTBA Ond NEYEHUA PAHEBOIO NMPOLIECA

B.B.llImameHKO

Knroyeesie cnoga: ocmMomuyeckasi akmueHOCMb, OCHO8a-HOCUMeErb;, 2uOpPOpUIibHbIE HE8OOHbIE
pacmeopumernu; paHegol MPOoYECC; iekapcmeeHHoe cpedcmeo; Msiekasi fiekapcmeeHHasi gpopma
Ocoboe sHuMaHue rpu co3daHuuU riekapcmeeHHbIx cpedcme (J1C) Ons nedyeHusi eHOUHO-8ocnasu-
meribHbIX npoueccos ydernsiemcsi 8bI60py ocHose. B cospemeHHOM rpou3so0cmee Ms2Kux fiekap-
cmeeHHbIX ¢hopM Oris1 riedeHUs1 2HOUHO-80cranumerbHbIX rpoueccos rnpednodmeHue omdaemcs JIC
Ha eudpoghuribHbIX OCHOB8aX, KOMOPbIE MOXHO HAHOCUMb Ha paHeasyto MNo8epxHocme 6e3 HapyweHus
nepcnupayuu. Omcymcmeue omedyecmaeHHbIX rperapamos OJ1s1 Ie4eHUs paHeeo20 rpouecca rnpu
rnepexode ¢ rnepeoli chasbl 80 8BMOPYH, crocobecmeaywux npoyeccam anumenudayuu, Sensaemcs
akmyarbHbiM OJ151 rIoucKa Mo co30aHU0 HOBbIX KOMOUHUPOBaHHbIX Ma3sel OJisl Ie4eHUs] paHeeoz20
npoyecca. OOHUM U3 8aXHbIX rokazamereu crieyuguyeckoeo Oeticmeusi JIC dnsi nedeHus paHeg8o20
rpouecca s18r1s1iemesi OCMomu4eckasl akmueHocmb, briazo0apsi Komopou rpoucxooum obe3goxusa-
HUEe MUKPOBHbIX KIIEMOK, 4mo 6bI3bleaem CyWecmeeHHOe CHUXeHUe buonoaudyeckol akmusHocmu
u ycmoutiqueocmu Mukpobos. Memodom duanusa Yepes rnonynpoHuyaemyro membpaHy 6 orbimax in
vitro Hamu uccredogaHa ocMomMuUYecKasi akmueHoCmb 06pa3ly08 Ma3e8biX OCHO8 C Uerlbio 060CHO-
8aHUs1 ornnmumaJsibHOU OCHOBbI-Hocumeris u pa3pabomku Ha amoul ocHoee Ma3u aHmubakmepuarib-
HO20 U rpomueosocrnanumenbHo20 delicmeus. OKcriepuMeHmarbHO yCmMaHOo8/IeHO, Ymo J1yHWumMu
Oeeaudpamupyrouumu ceoticmeamu obsiadaem OocHoga, 8 cocmas KomopoUl exooum crias [130-400
u rN30-1500. lNpu cozdaHuu ma3zel O 1e4eHUsT paHegoeo npouecca npu rnepexode e2o om rnepsol
KO emopou g¢hase criedyem y4yecmsb, 4Ymo bosiee onmumarsibHbIMU credyem cHumamb KOMOUHUPOBaH-
HbI€ OCHOB8bI, KOmopble obecredusarom 8bICOKUL ahheKkm 8b1C8060XX0eHUS fIEKapCMeBEHHbIX Cyb-
cmaHyudl, 4mo ycunusaem ux cmumynupyrouee delicmsue, a makxe 0CHO8bI, KOmopble co30arm
8 paHe yMepeHHbIU yposeHb deaudpamauyuu. [Toamomy 8 xode aKcrepuMeHma c Uesbio co30aHus
KOMOUHUpPOBaAHHOU 3Myr1bCUOHHOU Ma3e8ol 0CHOB8bI HaMu 060CHO8aH 8bI60P aMmyribeamopos — MCI™
u crnupm yumocmeapusnosbil 6 kornudecmee 3% u 5% coomeemcmeeHHO. Kak macrisHyro ¢hasy uc-
rosib308asu macrio gasenuHosoe 20% (8odHas chasa — 8oda ovuweHHass — 0o 100%). Ha ocHosaHuu
rpogedeHHbIX 0OcMomuYecKkux uccriedosaHull Hamu 060CcHO8aH COCmMas 3MyJibCUOHHOU OCHO8bI Oris
masu: [30-400 — 4% , 130-1500 — 1%, MCI— 3%, cnupma yumocmeapusioeozo — 5%, enuuepuHa
— 5%, macna easenuHogo20 — 20%, 600bI o4uuieHHol — do 100%.
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THE REACTIVITY OF SUBSTITUTED 6,9-DICHLORACRIDINES

O.M.Sviechnikova, S.V.Kolesnyk, O.V.Kolesnyk

National University of Pharmacy

National Kharkiv Pedagogical University named after G.S.Skovoroda
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The constants of ionization pKg,* of substituted 6,9-dichloracridines have been determined in the
mixed ethanol — water solvent (60 mole percent of ethanol) at the temperature of 25°C by the method
of potentiometric titration. It has been shown that these compounds are weak bases (pKg,,* of the
corresponding associated acids is in the range of 3.71-3.95). It has been proven that their basicity de-
pends upon the nature and position of substituents in the heterocycle. Introduction of 9-chlorine sub-
stituent to the molecule of acridine leads to significant weakening of basic properties (pK,,* = 0.82)
due to decrease of the electron density on the atom of nitrogen (reactive centre). The appearance of
9-chloracridine of chlorine atoms in the molecule in 2-, 4-positions also decreases basicity of the hete-
rocycle, but approximately 6.5 times less (pK,,* = 0.13 (2-Cl), pK,,," = 0.14 (4-Cl)). On the contrary,
the donor substituents increase basicity. The quantitative assessment of the substituents influence
has been performed within the principle of available energy linearity according to the Hammet equa-
tion by the correlation analysis method. The equation obtained, which includes pKg,,* of all experimental
compounds, proved to be statistically uncertain. On the plot of pKg,* — f(c) dependence, the value of
pKg,* for 4-methoxy substituent is supposed to be out of the linear dependence. Elimination from cor-
relation of pKg,* for 4-methoxy substituted 6,9-dichloracridine allowed to obtain the correlation equa-
tion of pKg,* — f(o) relationship with reliable statistic characteristics. This equation allows to predict re-
activity of other members of this homologous series. The low value of the reaction constant is p = 0.86
and testifies a slight sensitivity of the reactive centre (heterocyclic atom of nitrogen) to the influence of
substituents in the molecule of substituted 6,9-dichloracridine. It is notable that the reactive constants
p for 6,9-dichloracridines, 5-nitro-9-chloracridines within the limits of experimental error coincide, and
it indicates the single mechanism of the electronic influence of substituents on the reactive centre.

Substituents of 9-chloracridine are widely used as
starting substances for obtaining various biologically
active 9-amino-, 9-alkylamino-, 9-arylamino-, 9-hydra-
zineacridines [3-5, 8-12, 16, 18-20]; markers in genetic
engineering [6]; luminescent indicators in analytical che-
mistry [6, 15, 17].

The aim of the research is to study reactivity of sub-
stituted 6,9-dichloracridines because the reactivity of
compounds of this homologous series has not been in-
vestigated in details [5, 12]. Thus, the relevance of the
research is beyond a doubt as it allows to optimize the
synthesis of these compounds.

The reactivity of this class of compounds has been in-
vestigated by the study of the acid-base balance (Scheme).

The ionization constants (pK, ") of acids associated
with substituents of 6,9-dichloracridine in the mixed
solvent such as ethanol-water (50 mole percent of etha-
nol) have been determined by the method of potentio-
metric titration at the temperature of 25°C (Table).

These data testify that substituted 6,9-dichloracri-
dines are weak bases; pK_," of the corresponding as-

sociated acids are in the range of 3.71-3.95. Basicity of
substituted 6,9- dichloracridines depends on the nature
and position of substituents in the heterocycle. Intro-
duction of 9-chlorine substituent to the molecule of acri-
dine leads to significant weakening of basic properties
(pK,,,"=0.82) [13] due to decrease of the electron den-
sity on the atom of nitrogen (reactive centre). The ap-
pearance of 9-chloracridine of chlorine atoms in the mo-
lecule in 2-, 4-positions also decreases basicity of the
heterocycle, but approximately 6.5 times less (pK,, =
0.13 (2-Cl), pK,,,= 0.14 (4-CI)). On the contrary, the
donor substituents increase basicity.

The quantitative assessment of the substituents influ-
ence has been performed within the principle of avail-
able energy linearity according to the Hammet equation
by the correlation analysis method. The equation ob-
tained (1) is statistically uncertain because of the low

value of the correlation coefficient (r):

pKy' = (3.85+£0.04) — (0.50+0.09)'c
n=9 r=0.845 s=0.016

(M
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1 R=H; 2 R=2-OCHj; 3 R=4-OCHj3; 4 R=2-CHj; 5 R=4-CH3;
6 R=2-Cl; 7 R=4-Cl; 8 R=1,3-(CH3),; 9 R=2,3-(CH3),

On the plot of pK, "~ f(c) dependence (Fig.) the va-
lues of pK,,"4- for 4-methoxy substituent are out of the
linear dependence. The same effect is observed when
studying 5-nitro-9-chloracridines [5], 9-thioacridones
[10], 9-hydrazineacridines [11]. Probably it is connect-
ed with the intramolecular hydrogen bonding between
oxygen of 4-methoxygroup and heterocyclic nitrogen.

Elimination from correlation of pKy,," for 4-methoxy
substituted 6,9-dichloracridine (3) leads to sharp improve-
ment of statistical characteristics:

pKgy = (3.86+0.02) — (0.86+0.05)-c 2)
n=8 r=0.989 s=0.016

The low value of the reaction constant p = 0.86 tes-
tifies a slight sensitivity of the reactive centre (hetero-
cyclic atom of nitrogen) to the influence of substituents
in the molecule of substituted 6,9-dichloracridine. It is
interesting to note that reactive constants p for 6,9-di-
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Scheme

chloracridines [5], 5-nitro-9-chloracridines [5] within
the limits of experimental error coincide, and it indi-
cates the single mechanism of the electronic influence
of substituents on the reactive centre.

Experimental Part

The study of the acid-base balance was performed
by the method [1]. The titrant was 0.01 M aqueous so-
lution of hydrochloric acid. The concentration of the
solutions to be titrated was 0.005 mol/dm?* in the point
of semi-neutralization. Potentiometric titration was per-
formed on an EV-74 ionomer using glass (ESP-43-074)
and silver chloride (EVP-1M) electrodes at 25°C. The
experiments were carried out in triplicate, and the data
obtained were analyzed according to the requirements
of the SPhU [2]. The correlative analysis was conduct-
ed by methods of mathematic statistics (with the confi-
dence interval of 0.95) [7].

In order to prepare the mixed solvent, the bidistil-
late free of CO, and ethanol were used.

| | | -

-0.1 0 0.1 o)

ig. Dependence of pKg,,* — f(o) for substituted 6,9-dichloracridines (1-9).
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Table

Properties of substituted 6,9-dichloracridines (1-9)

H 0, 0,
Compound | Yield, % ;\Q)?Lt;?ogqc - Fouréd, % - h?g:(::lljr NCalculacted, /oH Ky, *
1 96 100-101 5.64 | 6290 | 2.81 C,,H,CI,N 565 | 6293 | 2.84 3.85+£0.02
2 93 123-125 | 5.05 | 60.42 | 3.25 C,,H,CI,NO 5.04 | 60.46 | 3.26 3.94+0.04
3 95 119-121 5.03 | 60.40 | 3.25 C,,H,CI,NO 5.04 | 60.46 | 3.26 3.95+0.04
4 92 129-132 | 533 | 64.19| 345 C,,H.CLN 534 | 64.15 | 3.46 3.92+0.01
5 90 127-129 | 535 | 64.18 | 345 C,H.CLLN 534 | 64.15 | 3.46 3.89+0.03
6 94 98-100 | 4.95 |55.21| 2.13 C,;H,CI,N 496 |55.26| 214 | 3.72+0.03
7 93 99-101 495 | 5522 | 2.13 C;;HCLN 496 | 55.26 | 2.14 3.71+£0.02
8 91 133-135 | 5.08 |65.20 | 4.00 C,.H,,CLN 507 | 65.24 | 4.01 3.95+0.03
9 90 137-139 | 5.06 | 65.28 | 4.02 C,sH,,CL,N 5.07 | 65.24 | 4.01 3.94+0.04

The synthesis of substituted 6,9-dichloracridines
(1-9) was carried out by the method [14]; their physical
and chemical parameters corresponded to the literature
data [14].

CONCLUSIONS

1. The reactivity of substituted 6,9-dichloracridines
has been researched in the reverse conditions by study-
ing the acid-base balances of the corresponding associat-
ed acids in the mixed ethanol — water solvent (50 moles
percent of ethanol) at 25°C.

2. The influence of the nature and position of sub-
stituents in the heterocycle upon the strength of the cor-
responding associated acids has been analyzed.

3. It has been proven that acceptor substituents weaken
basicity of 6,9-dichloracridine, but donor substituents
cause the opposite effect.

4. The Hammet correlation equation has been obtained
with convincing statistic characteristics; it is used to pre-
dict acid-base properties of substituted 6,9-dichloracri-
dines.
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PEAKUINHA 30ATHICTb 3AMILLEHUX 6,9-AUXNOPAKPUOUHIB

O.M.CeeyHikosea, C.B.KonicHuk, O.B.KonicHuk

Knroyosi crnoea: 6,9-0uxnopakpuduH, peakuiliHa 30amHicmb, KUCIIOMHO-OCHOBHI pieHO8az2u;
CripsixeHi kucriomu, pieHsIHHS [lamMmema; npuHyUn niHiGHoCMi 8irbHUX eHepeil; dOHOPHI 3aMiCHUKU;
aKuernmopHi 3aMiCHUKU; KOPESUitHI Pi6HSHHS

BusHa4eHi koHcmaHmu ioHisauii pKg,* 3amiujeHux 6,9-0uxmiopakpuduHy 8 3MiluaHOMy PO3HYUHHUKY
emaHos-eoda (50 monbHUX gidcomkie emaHosy) rpu 25°C Memodom nomeHyioMmempu4yHo20 mu-
mpyeaHHs. [MokazaHo, wo yi crnonyku — crnabki ocHosu (pKg,,* 6I0MOGIOHUX CrIPSXKEHUX KUC/I0m 3Ha-
xodumabcs 8 Mexax 3,71-3,95). [JoeedeHo, W0 ix 0CHOBHICMb 3anexxumsp 8i0 MpuUpoOU ma MosIoKeH-
Hs1 3aMiCHUKI8 y eemepoyukri. BeedeHHs y Monekyny akpuduHy 9-xrop3amicHuka npuzeodums 9o
cymmegoeo nocnabneHHs1 ocHosHux enacmusocmel (pKg," = 0,82) yepe3 3MeHWeHHs efleKmpOHHOI
eycmuHu Ha amomi HimpoeeHry (peakuitHull ueHmp). lNosiga y Monekyrii 9-xnopakpudOuHy amomig Xi1o-
py y 2-, 4-rONOXeHHSIX MakoX 3MeHWYe OCHOBHICMb 2emepOoUUKIy, ane npubnusHo y 6,5 pasie MeH-
we (pKgy' = 0,13 (2-Cl), pKy,,* = 0,14 (4-Cl)). JoHopHI 3amiCHUKU Hasnaku rnosuuiytoms OCHO8HICMb.
KinbkicHa ouiHka ennusy 3amiCHuUKie 30iliCHI08anack y Mexax npuHYUny MiHiGHUX eHepail 3a pieHsIH-
Ham [ammema memodom KopernayitiHoeo aHanidy. OdepxaHe pigHAHHS, wo micmums pKg,* ecix do-
CridXysaHUX CroMyK 8USBUIIOCH CMamucmuy4YHo HegipoziOHuMm. Ha epacpiky 3anexHocmi pKg,* — (o)
3Ha4yeHHs pKy,, 4-Mmemokcu3amiweHo20 3Haxo0umbCs 1103a JiHilHOI 3anexHocmi. BUKYeHHs 3 Ko-
pensauii pKy,,* 0ns 4-memokcu3samiwieHoeo 6,9-0uxnopakpuduHy 0038051uU0 o0epxamu KopensuyitiHe
pigHsIHHS 38’A3KYy pKg,t — f(0) 3 HadiiHuMu cmamucmuyYHUMU Xapakmepucmukamu. Lle pieHsHHS 0o-
380/15I€ MPO2HO3y8amu peakuitiHy 30amHicmb IHWUX YIIEHI8 Ub020 20Moso2id4Ho20 psdy. Hesernuke
3Ha4YeHHs1 peakUiliHol KoHcmaHmu p = 0,86 cgidyumb PO HEBUCOKY Yymirugicmb peaKkuitiHo20 UeH-
mpa (eemepoyukniyHo2o amoma HimpoeeHy) 0o ennusy 3amiCHUKI8 y MorneKy i 3amiweHux 6,9-0u-
xropakpuduHy. Llikago 8id3Hayumu, wo peakuitiHi KoHcmaHmu p 0ns 6,9-0uxnopakpuduHis, 5-Himpo-
9-x10pakpuduHie y Mexax rnoxubku exkcriepumeHmy crigernadaroms, WO 8Ka3ye Ha €OUHUU MexaHi3Mm
e/IeKMpPOHHO20 8r1/1U8Y 3aMICHUKI8 Ha peakyitiHul yeHmp.

PEAKUMOHHAA CNOCOBHOCTb 3AMELLEHHbIX 6,9-0UXNTOPAKPUONHOB
E.H.CeeyHukoea, C.B.KonecHuk, E.B.KonecHuk

Knrodesnie criosa: 6,9-0uxnopakpuduH; peakyuoHHasi CriocobHOCMb, KUCITOMHO-OCHO8HbIE
pasHOBECUS; COMNPSIKEHHbIE KUC/IOMbI, ypasHeHue ammema; npuHyun auHetiHocmu c80b600HbIX
9Hepeaull; OOHOPHbIE 3aMecmumernu; akyenmopHbie 3aMecmumernu; KOppensyuoHHbIEe ypasHEeHUSs
OnpedeneHbl KOHCmMaHmMbl UoHU3ayuu pKg,* 3ameweHHbIx 6,9-0uxnopakpuduHa 8 cMelwaHHOM pac-
meopumene amaHosn-800a (50 mornbHbIx % amaHona) ripu 25°C Memodom NomeHyUOMempu4ecKo20
mumposaHus. NokazaHo, 4mo amu coeduHeHusi — criabble ocHosaHusi (pKg," coomeemcmeyrowux
COMnpsiKeHHbIX Kucsom Haxodumces 6 npedenax 3,71-3,95). [JokazaHo, 4mo ux OCHO8HOCMb 3a8U-
cum om ripupoObl U MOIoXeHUs1 3amecmumeriell 8 ezemepoyukrie. BeedeHue 8 Monekyny akpuduHa
9-xnop3amecmumers Npu8oOUM K CyuecmaeHHOMY ocriabneHuro 0CHO8HbIx ceolicms (pKy," = 0,82)
gcriedcmeue yMeHbUWEeHUS 371eKMPOHHOU MIOMHOCMU Ha amomMe a3oma (peakUyUuoHHbIU UeHMP).
lNosieneHue 8 mosnekyrne 9-xropakpuduHa amomMoeg Xsiopa 80 2, 4-MosIoKeHUSIX MaKxXe yMeHbwaem
OCHOBHOCMb 2emepoyuksa, Ho npubnuaumesibHo 8 6,5 pas meHbwe (PKy,* = 0,13 (2-Cl), pKg,* = 0,14
(4-Cl)). HoHopHble 3amecmumerniu Haobopom rosasiwarm ocHoO8HOcMb. KonudyecmeeHHas oueHka
8nusiHUSI 3amecmumernel npoeoousiack 8 2paHuyax MpUHYUNa AuHelHbIX 3Hepaul Mo ypasHeHUH
Fammema memodom KoppernsyuoHHO20 aHanu3a. lNonyyeHHoe ypasHeHue, codepxawee pKy,t ecex
uccriedyemMbix COeOUHeHUU, 0Ka3asloCb cmamucmuYecku HedocmoesepHbiM. Ha epacghuke 3agucumo-
cmu pKg," — (o) 3HayeHue pKy,* 4-memokcu3ameuw,eHHo20 Haxo0umcsi 8He NUHeUHOU 3a8ucuMocmul.
UcknroveHue u3 koppensayuu pKg,* 0nsa 4-memokcudameuwjeHHo20 6,9-0uxmiopakpuduHa rno38onusio
ronny4ums KoppesnsyuoHHoe ypasHeHue g83aumocesisu pKy," — f(0) ¢ HadexHbiMu crmamucmu4ecKumu
Xapakmepucmukamu. Omo ypagHeHuUe 0380/1siem npoeHo3upos8ams PeakyUOHHYI0 CrlocoObHOCMb
Opyaux 4sieHo8 3Moe20 20MoJsiocu4YecKozo psida. Hebonbwoe 3HayeHUe peakyUuOHHOU KOHCmaHmabl
p = 0,86 ceudemenbcmayem O HE8bICOKOU Yy8CmeUmebHOCMU PeakyUuOHHO20 UeHmpa (eemepo-
UUKITUYEeCKO20 amoma a3oma) K 6/lUsiHUK 3amecmumersiel 8 MorieKyrne 3aMmeueHHbIx 6,9-0uxmop-
akpuduHa. VIHmepecHoO ommemumab, Ymo peakyUuoHHbIe KOHCMaHmbl p 0 6,9-0uxriopakpuduHos,
5-Humpo-9-xnopakpuduHos 8 npedenax owubKu aKkcrnepuMeHma cosrnadarom, 4Ymo yKasbieaem Ha
€0UHbIU MexaHU3M 371eKMPOHHO20 8/IUSIHUSI 3aMecmumerneli Ha peakUUOHHbIU UeHmp.
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SYNTHESIS, STRUCTURE AND RESEARCH OF THE
PHARMACOLOGICALACTIVITY OF METHYL ESTERS
OF 6-NITRO-N-PHENILANTHRANILIC ACIDS
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Analysis of scientific and patent literature shows the promising results of searching biologically active
compounds among derivatives of aromatic aminoacids. For many years at the Medical Chemistry
department of the National University of Pharmacy the research has been conducted in the field of
development of synthetic methods and study of physico-chemical and pharmacological properties of
aromatic acids, in particular, N-phenylanthranilic acids and products of their transformation in order to
search active and harmless medicines. The synthesis of methyl esters of 6-nitro-N-phenylanthranilic
acids has been carried out by Fisher esterification in the absolute methanol medium in the presence
of concentrated sulfuric acid. Substituted 6-nitro-N-phenylanthranilic acids have been obtained by
Ullmann reaction by the interaction of 6-nitro-2-chlorobenzoic acids with arylamines and by arylation
of 6-nitro-N-phenylanthranilic acids by halogenobenzenes derivatives in the medium of n-amylalcohol,
in the medium of dimethylformamide, without a solvent in the presence of copper or CuO. The structure
of the compounds has been confirmed by elemental analysis, IR- and NMR-spectroscopy. The purity
has been controlled by the method of thin-layer chromatography in methanol-hexane (1:1.5) and
ethylacetate-methanol-ammonia (8.5:1:0.5). The computer prognosis of possible types of the biological
activity of 9 methyl esters of 6-nitro-N-phenylanthranilic acids synthesized for the first time has been
conducted with the help of PASS programme. It has been found experimentally that the substances
synthesized possess the anti-inflammatory, analgesic, diuretic, bacteriostatic, fungistatic and antidiuretic
activities. According to the classification by K.K.Sydorov the compounds synthesized when introduced
intragastrically belong to low toxic compounds (DL,,=1200-2500 mg/kg). Some regularities of the

“structure — biological activity — toxicity” relationship have been determined.

Derivatives of N-phenylanthranilic acids (N-PAA)
are used in medicine as nonsteroidal anti-inflammatory
drugs. Some of them have proven to be the most effec-
tive by the nonspecific action, and do not cause degra-
dation of glycosaminoglycans and collagen in joints [7,
14, 15]. Long-term studies in the field of the series of
N-arylanthranilic acids and their derivatives by re-
searchers have led to the creation of effective medicines
(mefenamic acid and its alkali salt, antral, diphtorant),
which are widely applied in medical practice as anti-
inflammatory, hepatoprotective and antipsoriatic medi-
cines [7, 8]. Data of the research of domestic and foreign
scientists indicate that derivatives of N-phenylanthranilic
acids have a wide synthetic and pharmacological poten-
tal [2-4, 6, 8, 10-15]. These circumstances determined
to synthesize methyl esters 6-nitro-N-phenylanthranilic
acids and study their biological activity.

Substituted 6-nitro-N-PAA (3) have been obtained
by Ullmann reaction by the interaction of 6-nitro-2-
chlorobenzoic acid (1) with arylamines (Method 1) and
by arylation of 6-nitro-N-phenylanthranilic acids (2) by
halogenobenzenes derivatives (Method 2) in the me-
dium of n-amylalcohol, in the medium of dimethylfor-
mamide, without a solvent in the presence of copper or
copper (II) oxide [6, 8] (Scheme).

The synthesis of methyl esters of 6-nitro-N-PAA
(4a-i) has been carried out by Fisher esterification in the

medium of the absolute methanol in the presence of the
concentrated sulfuric acid (Scheme).

The structure and identity of methyl esters of 6-nit-
ro-N-PAA (4a-i) have been confirmed by elemental, IR-
and NMR-spectroscopy, chromatographic analysis and
qualitative reactions (Tab. 1, 2).

In the NMR-spectra of esters the signals of aro-
matic protons in the range of 6.59-7.55 ppm have been
identified. The proton signal of the secondary amino-
group appears as a broad singlet in the region of 7.44-
7.64 ppm. The characteristic signal of methyl esters is
the signal of COOCH,-group, which is registered in the
range of 3.95-4.15 ppm (Tab. 2).

IR-spectra of methyl esters of 6-nitro-N-PAA are
characterized by a number of intense bands, which cor-
respond to the main structural fragments of molecules
of the substances synthesized. In the region of 1728-
1698 cm an intense band corresponding to stretching
vibrations of the ester group carbonyl has been interpreted
(Ve—o)- Inthe regions of 1282-1270 cm™ and 1155-1145 cm'!
there are stretching vibration bands of C-O-C- (v,
v, respectively. The first band refers to the stretching
vibration of C-O-C — group, to which the main contri-
bution is made by fluctuations of the acidic fragment of
the molecule, the main contribution to the second band
vibrations is made by the alcoholic fragment of the mo-
lecule. Symmetric and asymmetric vibrations of the nit-
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Table 1
Physical and chemical properties of methyl esters of 6-nitro-N-phenylanthranilic acids
Com- R Yield, MpoC' Found, % Empirical Calculated, % Rf?
pound % - C N H formula C N H 1 2
4a H 81 | 158161 | 61.74 | 1032 | 438 | C,H,N,0, | 61.76 | 1029 | 444 | 062 | 068
4b | 2-cH, | 88 | 152-155 [ 62.91 | 9.83 | 501 | C.H,N,0, | 6293 | 979 | 493 | 051 | 0.60
4c | a-CH, | 89 | 167-169 | 62.87 | 975 | 488 | C.H,.N,0, | 6293 | 979 | 493 | 048 | 059
4d | 34-(CH,),| 85 | 182-184 | 6392| 937 | 533 | C HN,0, | 6299 | 933 | 537 | 044 | 050
4e | 4-O0CH, | 84 | 105-107 [ 59.63 | 934 | 461 | C.H,N,0, | 59.60 | 927 | 467 | 045 | 049
4f | 4-0CH, | 85 | 152-154 | 60.76 | 891 | 5.05 | C,;H,N,O. | 60.75 | 886 | 5.10 | 0.42 -
49 | 4-OCH, | 77 | 157-159 | 61.78 | 854 | 547 | C,H,.N,0. | 61.81 | 848 | 549 | 040 -
4h 4-Cl 79 | 162-164 | 54.88 | 915 | 361 |C,H,CIN,O,| 5483 | 913 | 365 | 038 | 043
4 4-Br 80 | 170-173 | 47.85 | 8.02 | 3.12 |C,H,BrN,O,| 4728 | 798 | 3.16 | 033 | 0.39

Notes: ' Compounds 4a-i were recrystallized from methanol. 2 Rf values are given in the solvent systems: 1 — methanol-hexane (1:1,5);
2 - ethylacetate-methanol-ammonia (8,5:1:0,5).

Table 2
Data of IR- and NMR-spectra of methyl esters of 6-nitro-N-phenylanthranilic acids
Com- IR-spectra, absorption maxima, v (cm™) NMR-spectra, chemical shifts, & (ppm)
acid acid alcohol o NH CH CH COOCH
d . . A% 3 2 3
poun VNH VC:O VC:O VL*O VL*U NO, vC—Ph 5NH (1 H, S) (3H, S) (2H, k) (3H, S) Ar H
4a 3340|1685 | 1705 | 1280 | 1152 % 1598 | 1572 | 7.62 - - 4.01 6.88-7.46 (8H, m)
4b 3328 | 1670 | 1698 | 1275 | 1145 % 1600 | 1576 | 7.44 2.08 - 4.05 6.86-7.38 (7H, m)
4c 3338 | 1675|1720 | 1272 | 1148 % 1602 | 1578 | 7.55 2.30 - 3.98 6.92-7.45 (7H, m)
1535 2.15
4d 3334|1668 | 1712 | 1270 | 1145 | .=~ | 1596 | 1570 | 7.64 - 415 6.59-7.55 (6H, m)
1348 2.25
4e | 3344|1682 | 1722 | 1278 | 1156 %7) 1602 | 1578 | 7.56 | 365 | - 403 | 6.80-7.40 (7H, m)
4f 3346 | 1684 | 1725|1282 | 1164 % 1604 | 1582 | 7.57 1.38 3.44 4.02 6.88-7.44 (7H, m)
1530
49 3345|1686 | 1728 | 1280 | 1166 1354 1605 | 1584 - - - - -
1538
4h 3322|1678 | 1714 | 1278 | 1158 133 1600 | 1575 - - - - -
4i |3326|1676 | 1716 | 1274 | 1160 % 1508 | 1576 | 7.62 | - - 395 | 6.75-7.41 (7H, m)
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Table 3
Pharmacological activities of methyl esters of 6-nitro-N-phenylanthranilic acids
° 2 e v Bacteriostatic, Fungistatic,
25| S é g MIC, ug/ml MIC, ug/ml
§E| Lolewo > @
< —| « - W 2
5 8 i —\‘C 5 —{ al S U 9 = “vooo S un S
ES | €2 |c25|8Y | S| S |2Sx| S| 8 DLy, mg/kg
Compound £ 8 E|SEC SEm €3 | s | S®| S5 Qo intragastri-
c ¥ LO |0 DU AN| 7o =R | E=R| T =5 Iy (i .
<= 3 IS 1505189 au S S NS l cally (in mice)
£0 06 |[EoS|2aN| 20 SO |S2Y| 8u | =
s | o I < Sk | SE |23k SU | S
c < © 3 9|S5S S 3<T | o< S e S
< < é [a)] gl @ i ()} O
4a 9.8 15.3 108 125 125 125 250 125 500 -
4b 9.2 9.3 82 125 250 125 250 250 125 1200
4c 0 294 112 125 250 250 125 125 125 1500
4d 19.5 29.2 140 62.5 125 62.5 250 250 125 1800
4e 14.3 0 72 125 250 125 125 125 125 -
4f 0 15.2 152 125 500 125 125 125 500 -
49 0 0 201 125 250 125 250 250 250 2000
4h 314 338 184 31.2 250 31.2 125 125 125 2500
4 32.3 34.3 162 31.2 250 31.2 125 125 125 2500
Diclofenac
(DE..~8 ma/ka) 375 - - - - - - - - 360
Mefenamic acid in the
dose of 100 mg/kg 30 B B B B B B B B 628
Metamizole sodium
(DE..=55 ma/kg) - 52.0 - - - - - - - 1197
Hydrochlorothiazide in
the dose of 50 mg/kg - B 212 - - B B B - 320
Ethacridine - - - 31.2 15.6 31.2 62.5 - - -
Phthalylsulfathiazole - - - 7.8 7.8 250 - - - -
Nitrofural - - - - - - - 64 64 -

rogroup in the spectrograms appear in the regions of
1540-1528 cm™ (Vy,,) and 1357-1328 cm! (V,,,). Defor-
mation vibrations of NH-group (J,,,) are presented in the
spectrograms by peak in the region of 1584-1570 cm!
(Tab. 2).

Using the PASS programme the analysis of the com-
puter prognosis results shows that 6-nitro-N-PAA (4a-i)
methyl esters synthesized for the first time are most like-
ly to reveal the anti-inflammatory, antitumor, diuretic,
bacteriostatic, fungistatic activity.

According to Sydorov K.K. classification, methyl
esters belong to the class of low toxic substances, their
DL,, with the internal administration in mice is within
the range of 1200-2500 mg/kg (Tab. 3). As expected,
methyl esters are more toxic than initial acids [6].

Among the esters of 6-nitro-N-PAA (Tab. 3) the stron-
gest diuretic activity is revealed by compound (4g), but
it is inferior to hypothiazide. It has been found that the
carboxyl group esterification in 6-nitro-N-PAA (4a-i) leads
to decrease of the diuretic, analgesic, anti-inflammato-
ry effect and increase of acute toxicity. Compounds (4b,
4e) possess the antidiuretic activity, but they are inferior
to adiurecrine (65%). The pharmacological screening on
the anti-inflammatory and analgesic activity (Tab. 3) in
the dose of 20 mg/kg has revealed the substances (4h,

41) with the anti-exudative effect at the level of mefe-
namic acid (30%). It should be noted that methyl esters
of 6-nitro-N-PAA (4a-i) are less active than initial acids
(3). The anti-inflammatory activity of N-PAA esters and
their derivatives (4a-i) is shown to be in close connec-
tion with their structure; by the anti-exudative action they
can be ranged in the following way: D-glucosylammo-
nium salts 00f N-PAA > acids > methyl esters. The mi-
crobiological research shows that the substances synthe-
sized inhibit the growth of Staphylococcus aureus, Ba-
cillus subtilis, Escherichia coli, Pseudomonas aeurugi-
nosa in the concentrations of 31.2-500 pg/ml (Tab. 3).
Esters (4h, 41), which contain covalently bound chlo-
rine and bromine in their structure in the neoanthranilic
fragment of the molecule, reveal the most expressed
bacteriostatic activity. These substances inhibit Staphy-
lococcus aureus and Escherichia coli more selectively
(MIC=31.2 pg/ml). The fungistatic activity of methyl
esters of 6-nitro-N-PAA (4a-i) is 31.2-500 pg/ml in re-
lation to Candida albicans and Candida tropicalis. Com-
pounds (4h, 4i) exceed twice the effect of nitrofural by
their fungistatic activity (Tab. 3) and are less toxic.

Experimental Part

IR-spectra of the substances synthesized were measu-
red on a “Specord M-80” spectrophotometer in KBr tab-
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lets (with the concentration of 1%). The chromatographic
analysis was performed by the method of thin-layer
chromatography on “Silufol UV-254" plates produced by
“Avalier” firm (Czech Republic); chromatograms were
developed by iodine vapours or using UV-radiation. The
NMR-spectra were registered on a “Varian M-200" spect-
rophotometer with the operation frequency of 200 MHz,
DMSO-d, as a solvent and TMS as an internal standard
were used.

Methyl ester of 6-nitro-N-phenylanthranilic acid
(4a). Heat the mixture of 2.58 g (0.01 mol) of 6-nitro-
N-phenylanthranilic acid, 0.75 ml of the concentrated
sulfuric acid in 30 ml of absolute methanol with a reflux
condencer for 5 hours. After cooling pour the reaction
mixture into water and neutralize by sodium hydro-
carbonate. Filter the precipitate and dry. The product’s
yield was 2.20 g (81%). Compounds 4b-i were obtained
similarly.

To reveal the anti-inflammatory activity of new com-
pounds their ability to inhibit edema development in
acute inflammation caused by carrageenin subplantary
injection in the mouse paw was researched [5]. The com-
pounds examined were taken orally as a suspension sta-
bilized by emulsifier Tween-80 in the dose of 20 mg/kg
of the animal’s body mass. The analgesic action of sub-
stances (4a-1) was studied in white rats (weighing 160-
200 g) using the acetic acid-induced writhing test in the

dose of 20 mg/kg [5]. The diuretic effect of N-PAA esters
(4a-1) was studied by Berkhin Ye.B. method [1]. The sub-
stances under research and the reference medicine (hyd-
rochlorothiazide) were injected intraperitoneally 30 min
before the water load in the dose of 50 mg/kg (Tab. 3).
The study of the bacteriostatic and fungistatic activity
of substances (4a-1) in vitro was performed by the two-
fold serial dilution method in the liquid nutrient medium.

Acute toxicity of the substances synthesized was stu-
died in white mice when introduced intragastrically [5].

The PASS programme was used for computer prog-
nosis of the biochemical activity of 6-nitro-N-PAA me-
thyl esters [10].

CONCLUSIONS

1. To search biologically active substances the syn-
thesis of 6-nitro-N-phenylanthranilic acids methyl esters
has been done, and their structure and purity has been
studied.

2. Using the PASS programme computer prognosis
of possible types of the biological activity has been con-
ducted. It has been found experimentally that the sub-
stances synthesized possess a moderate anti-inflamma-
tory, analgesic, diuretic, antidiuretic, bacteriostatic and
fungistatic antidiuretic activities. Some regularities of
the “structure — biological activity — toxicity” relation-
ship among the N-phenylanthranilic acid derivatives have
been determined.

0-pa ¢papmay. nayk: 15.00.02. — X., 2008. — 357 c.
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CUHTE3, BYAOBA TA OOCNIMKEHHA ®APMAKOJOINYHOI AKTUBHOCTI METUNOBUX
ECTEPIB 6-HITPO-N-®EHIJTAHTPAHIITOBUX KUCIOT

C.lIcaes, .O.€EpbomiHa, T.B.XKykoea, T.M.Kproukoea, I".I1.>KecyHoea

Knrouoei cnoea: cuHmes; memuriosi ecmepu 6-Himpo-N-gbeHinaHmpaHinosux Kucrnom;
ghapmakornoziyHa akmugHicme

[oxidHi N-gbeHinaHmpaHinosux KUCIOm WUPOKO 8UKOPUCMOBYoMbCS 8 MEOUYHIU rpakmuuj. [1podoexyrodu
rnowyk Hosux 6iofi02iYHO akmuBHUX CroslyK cepeld rnoxiOHUX aHMpPaHifIoeoi Kuciomu, Mu npoeenu
pobomy w000 po3pobku memodie cuHmMesy ma ekcriepumMeHmarsbHUX A0CiOXXeHb Memusioeux ec-
mepig 6-Himpo-N-gbeHinaHmpaHinosux Kucriom Orsi 8UBYEHHS ix 6ionoeiyHoi akmugHocmi. CuHme3s

memurosux ecmepig 6-Himpo-N-gberinaHmpaninosux kucrom 6ys 30iticHeHul Ha kagheOpi MeOUYHOI

ximiit H®ay. bydosgy 9 cuHmesosaHux criosnyk rnidmeepoxeHo 0aHUMU efleMeHmMHo20 aHanisy, 14-,
FMP-cnekmpis. Yucmomy koHmposoganu MemodoM MOHKOWapoeoi xpomamoepadii. bionoaiyHul
CKPUHiH2 HosuX criofnyk rnpoeedeHuli Ha kaghedpi mikpobionoeii, sipyconoeii ma imyHomnozii H®ay.
BcmaHosneHo, wo cuHmeso8aHi peqyosuHU nposiensome rpomu3ananbHy, aHaneemuydHy, diype-
muyHy, aHmudiypemuyHy, 6akmepiocmamuyHy, hyHaicmamuyHy akmueHicmb. 3a Knacugikayieto
K.K.Cudoposa cuHme3osaHi ecmepu npu 8HymMpiWHbOWITyHKOBOMY 88€0€eHHI 8i0HOCAMbCST 00 Kia-
cy manomokcuydHux cronyk (DL;,=1200-2500 me/ke). BcmaHosneHi desiki 3aKOHOMIPHOCMI 38 513Ky
«cmpykmypa — 6iorio2idyHa akmueHICMb — MOKCUYHICMb».

CUHTE3, CTPOEHUE U UCCNEOOBAHUE ®APMAKONOMMYECKOM AKTUBHOCTHU
METUNOBbIX 3CTEPOB 6-HUTPO-N-®EHUNAHTPAHUIOBbLIX KUCINOT

C.lUcaes, A.A.EpemuHa, T.B.XKykoea, T.H.Kproukoea, I'.[1.X)KecyHoea

Knroveenle crnioea: cuHmes; Memursiosbie acmepbi 6-HUMpo-N-gbeHunaHmpaHuI08bIX KUC/I0M;
ghapmakonoauyeckasi akmueHOCMb

[pou3sodHbie N-gbeHunaHmMpaHuIo8bIX KUC/IOM WUPOKO UCMOMb3Yomcst 8 MeOUUUHCKOU MpaKmuke.
lNpodormkast Mouck Ho8bix bUOI02UYECKU aKMUBHbIX 8elecms cpedu nMpou38o0HbIX aHMpPaHuUI08ol
Kucromsl, Mbl fiposesniu pabomy rno paspabomke Memodo8 cuHmesa u 3KcriepuMeHmarbHO20 UcC-
crnedogaHuUsi Memuriosbix 3¢hupos 6-Humpo-N-geHunaHmpaHunoesix kucaom. CuHme3 Memusiogbix
aghupos 6-Humpo-N-gbeHunaHmpaHusioebix Kucraom bbin ocyuecmerneH Ha kagpedpe mMeduyuHcKol
xumuu H®ay. CmpoeHue 9 cuHme3uposaHHbIX 8ewecms nodmeepK0eHo 0aHHbIMU 311IEMEHMHO20
aHanusa, VK-, IMP-cnekmpos. Yucmomy KoHmpornuposasu MemoOOM MOHKOCIOUHOU XpomMamo-
epaghuu. buonoauyeckuli CKpUHUH2 HOBbIX coeduHeHULl nposedeH Ha Kaghedpe Mukpobuoroauu, 8u-
pyconoauu u uMmMmyHonoauu H®ay. YecmaHoeneHo, ymo cuHme3uposaHHble eeuiecmea rnposiensiom
rpomueosocnanumesibHyt0, aHarbeemuyeckyto, OUypemu4ecKyro, aHmuouypemudyeckyto, bakmepuo-
cmamud4eckyro U gbyHaucmamudeckyto akmusHocms. 1o knaccugpukayuu K.K.Cudoposa cuHmesu-
po8aHHbIe acmepbi rpPU 8HYMpPUXXer1yO04YHOM 88e0eHUU OMHOCSIMCS K Ki1acCy MaslomoOKCUYHbIX CO-
eduHeHul (DL,,=1200-2500 me/ke). BbisierieHbl HEKOMOpPbIe 3aKOHOMEePHOCMU C853U «CmpyKmypa —
buornoeuveckast akmueHOCMb — MOKCUYHOCMb».
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CHEMICAL MODIFICATIONS OF 6-ALLYLSULFONYL-
4-METHYL-1,2-DIHYDROQUINOLIN-2-ONE AS THE

APPROACH FOR SEACHING NEW BIOLOGICALLY ACTIVE
SUBSTANCES
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Key words: 1,2-dihydroquinoline-2-one; allylsulfone; heterocyclic sulfones; nucleophilic addition

To search biologically active substances among quinolone-2 sulfonyl derivatives the method for
obtaining of the convenient intermediate, namely 6-allylsulfonyl-4-methyl-1,2-dihydroquinoline-2-one,
has been developed. The synthesis has been carried out by alkylation of the initial 4-methyl-2-oxo-
1,2-dihydroquinoline-6-sulfinic acid with allyl bromide in the acetonitrile medium and in the presence
of potassium carbonate giving 73% yield of the product. The presence of the allyl fragment of
6-allylsulfonyl-4-methyl-1,2-dihydroquinoline-2-one allowed to carry out addition reactions with some
C-, N- and O-nucleophiles. Addition to allyl sulfones occurs in accordance with Markovnikov’s rule
despite of the strong electron withdrawing effect of the sulfonyl group. The reaction of 6-allylsulfonyl-
4-methyl-1,2-dihydroquinoline-2-one with active methylene compounds has been carried out with
diethyl malonate and ethyl cyanoacetate by refluxing in absolute ethanol in the presence of sodium
ethoxide. As a result, 2-R-3-methyl-4-(4-methyl-2-oxo-1,2-dihydroquinoline-6-sulfonyl)butanoic acid
ethyl esters have been obtained with 73-79% yields. 6-(2-Alkylaminopropylsulfonyl)-4-methyl-1,2-
dihydroquinoline-2-ones are formed under the action of N-nucleophilic reagents, in particular primary
aliphatic amines, on 6-allylsulfonyl-4-methyl-1,2-dihydroquinoline-2-one. This reaction takes place
upon heating in dimethylformamide up to 50-60°C for 6 hours, the yields of the products are 35-40%.
Hydration of the allyl fragment occurs in the same solvent when treated with sodium hydroxide at
20°C resulting in formation of 6-(2-hydroxypropylsulfonyl)-4-methyl-1,2-dihydroquinolin-2-one with 62%
yield. The chemical transformations described open a prospect for synthesis of variety of new compounds
with different functional groups in the alkylsulfonyl moiety of quinolones. This approach also allows to
influence on such properties of new biologically active substances as molecular weight, lipophilicity,
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acidity, etc., which are essential for permeability of substances through biological membranes.

According to the recent literature data, most of the
studies is devoted to aryl sulfones, while heteryl sulfones
have not been investigated so intensively. Nevetheless,
some compounds of this class with the antimicrobial
[8], antiviral [9, 11], antimalarial [5], anti-inflammatory
and analgesic [10, 12, 13], antitumor [6] action have
already been found. Therefore, sulfones is a promising
class for study in order to develop medicinal substances.
Continuing the research of 1,2-dihydroquinoline-2-one
derivatives [2] that are carried out in the National Uni-
versity of Pharmacy a number of new potential biologi-
cally active substances in the range of 6-sulfonyl de-
rivatives of 4-methyl-1,2-dihydroquinoline-2-one have
been obtained by the reaction of nucleophilic addition to
6-allylsulfonyl-4-methyl-1,2-dihydroquinoline-2-one.

Materials and Methods

Methods of organic synthesis were used for obtain-
ing new compounds. The structures of the compounds
synthesized were proven by the methods of 'TH NMR
spectroscopy and mass spectrometry. 'H NMR spectra
were recorded on a Varian Mercury VX-200 in DMSO-
Dq solution, the operating frequency was 200 MHz, the
internal standard — TMS. Mass spectra were recorded
on a Varian 1200L, the ionizing voltage was 70 eV.
Melting points were measured by a Koffler device.

Results and Discussion

The method of synthesis of 6-allylsulfonyl-4-methyl-
1,2-dihydroquinolin-2-one (2) by alkylation of 4-methyl-
2-0x0-1,2-dihydroquinoline-6-sulfinic acid (1) with al-
lyl bromide has been developed (Scheme 1). The reac-
tion was carried out in acetonitrile medium in the pres-
ence of potassium carbonate for 2 h. The product 2 was
obtained with the yield of 73% [1].

Compound 2 was used for further chemical modi-
fications due to the presence of the allyl fragment. It is
known that despite of the strong electron withdrawing
effect of the sulfonyl group addition of nucleophiles to
allyl sulfones occurs in accordance with Markovnikov’s
rule [3]. And the products of this reaction are interest-
ing objects of studying from the pharmacological point
of view [4]. Therefore, to continue the search of bio-
logically active compounds in the range of sulfonyl de-
rivatives of 4-methyl-1,2-dihydroquinoline-2-one the
addition reactions of some nucleophilic reagents to al-
lyl sulfone 2 were carried out. Several active methylene
compounds, alkylamines, as well as sodium hydroxide
were selected for these reactions (Scheme).

The reactions of 6-allylsulfonyl-4-methyl-1,2-dihyd-
roquinoline-2-one (2) with diethyl malonate and ethyl
cyanoacetate in absolute ethanol in the presence of so-
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dium ethoxide for 2h under the reflux were performed.
As a result, 2-R-3-methyl-4-(4-methyl-2-oxo0-1,2-dihyd-
roquinoline-6-sulfonyl)butanoic acid ethyl esters (3a,b)
were obtained with high yields (Tab. 1).

6-(2-Alkylaminopropylsulfonyl)-4-methyl-1,2-dihyd-
roquinoline-2-ones (4a,b) were synthesized by addition
of the primary aliphatic amines to compound 2. The pro-
cess was performed in DMFA for 6h when heating up to
50-60°C. The compounds 4a,b obtained can be consi-
dered as promising objects for studying their effects on
energy processes in the body because of the fragment of
2-aminoethanesulfonic acid (NH,-(CH,),-SO;H) known
as taurine that has diverse physiological effects [5].

As it was shown in our previous work [1], heating
of allyl sulfone 2 in aqueous alkaline solutions caused
cleavage of the C-S bond. And sodium salt of 4-methyl-
2-0x0-1,2-dihydroquinoline-6-sulfinic acid was obtained
as the product. Thus, conditions of hydration of the double
bond of 6-allylsulfonyl-4-methyl-1,2-dihydroquinoline-
2-one (2) were investigated. It has been found that 3-hyd-
roxy derivative, namely 6-(2-hydroxy propylsulfonyl)-
4-methyl-1,2-dihydroquinolin-2-one (5) is formed when

intermediate 2 is treated with sodium hydroxide in DMFA
solution at 20°C.

Compounds 3a,b, 4a,b and 5 are white crystalline
substances, soluble in polar organic solvents, insoluble in
water. Data of '"H NMR spectroscopy and mass spectro-
metry of the compounds obtained are presented in Tab. 2.

Synthesis of 2-ethoxycarbonyl-3-methyl-4-(4-methyl-
2-oxo-1,2-dihydroquinolin-6-sulfonyl)butanoic acid ethyl
ester (3a). Boil 0.01 mole of diethyl malonate for 30 min
in sodium ethoxide solution (prepared from 0.23 g of
metallic sodium and 20 ml of absolute ethanol). Add
0.01 mole (2.63 g) of allyl sulfone 2 and then boil for
2 hours. Evaporate the solvent under vacuum. Add 50 ml
of water, and acidify the mixture with hydrochloric acid
to pH=5. Filter the precipitate, crystallize with 50%
ethanol.

2-Cyano-3-methyl-4-(4-methyl-2-oxo- 1,2-dihydro-
quinoline-6-sulfonyl)butanoic acid ethyl esters (3b) was
prepared similarly to compound 3a using ethyl cyano-
acetate instead of diethyl malonate.

Synthesis of 6-(2-hexylaminopropylsulfonyl)-4-me-
thyl-1,2-dihydroquinolin-2-one (4a). Heat 0.01 mole

Table 1
Properties of the compounds synthesized
CH, CH,
R)\/OZS\Q\)\/\L
N0
H
Compound R Formula m.p., °C Yield, %

3a CH(COOC,H,), C,oH,NOS 184-186 79
3b CH(CN)COOG,H, C,.H,,N,0.S 197-198 73
4a NH-(n-C_H,>,) C,oH,N,0.S 200-220 35
ab NHCH,C H, C,oH,,N,0.5 241-243 40
5 OH C,,H,.NO,S 198-200 62
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Table 2
"H NMR spectroscopy and mass spectrometry data of the compounds synthesized
T 'H NMR spectrum, 8, ppm
>
H,,
8| 1-NH quin 4CH, | CH, | CH | cH, " [M*]
§|aHs | SH | 7H | 8H | 3H | 3H5) | (H,d)|(1Hm)|(GH,d)
v (1H,d) |(TH, dd)| (TH,d) | (TH,s)
550, | 108, | 405 (4H,q 2CH,CH,);
3a| 1204 | 811 | 7.94 | 746 | 653 | 247 | 337 | 20| 15k [361(1H,d, CH(COOCH,CH,)); | 423
) ) 1.08-1.12*
2.55- 4.40 (1H, d, CHCN); 4.15 (2H, q,
3b | 12.03 | 8.16 7.96 7.47 6.54 248 345 261 1.22 CH,CH,): 1.03 (3H, t, CH,CH,) 376
3.40- 2.80-2.96 (1H, m, CH-NH);
4a | 1196 | 8.11 7.94 7.42 6.52 2.50 2.28 3' 44 3.20 |0.94-1,26 (10H, m, C.H,,CH,); | 370
: 0.83 (3H, t, C,H,,CH.)
3.40. 6.97-7.16 (5H, m, C_H,); 2.80-
4b | 1198 | 8.11 7.85 741 6.51 249 2.31 3' 44 3.22 |2.93(1H, m, CH-NH); 1.14 (2H, | 364
) d, CH,C,H.)
51198 | 7.90 7.70 7.34 6.49 246 2.87 3:;68(1- 1.10 ** 281

*-1.08-1.12 ppm multiplet has integrated intensity 9H and contains protons of CH, groups of two ethyls and one propyl;
** _ proton of the OH group is in deuterium exchange with water of the solvent.

(2.63 g) of allylsulfone 2 and 0.025 mole of n-hexyl-
amine in 5 ml of DMFA with stirring at 50-60°C for 6 h.
Add 50 ml of water, and acidify the mixture with hyd-
rochloric acid to pH=7, then extract with ether. Evapo-
rate the solvent; crystallize the precipitate with ethanol.

6-(2-Benzylaminopropylsulfonyl)-4-methyl-1,2-dihyd-
roquinolin-2-one (4b) was prepared similarly to com-
pound 4a using benzylamine instead of n-hexylamine.

Synthesis of 6-(2-hydroxypropylsulfonyl)-4-methyl-
1,2-dihydroquinolin-2-one (5). Dissolve 0.01 mole (2.63 g)
of allylsulfone 2 in 5 ml of DMFA when heating. Add
0.012 mole (0.48 g) of sodium hydroxide. Stir the mix-
ture for 30 min at 20°C, acidify with hydrochloric acid
to pH=5-7 and dilute with water. Filter the precipitate
formed. Crystallize the product with 50% ethanol add-
ing 1-2 drops of diluted hydrochloric acid.

CONCLUSIONS

1. The preparative method of alkylation of 4-me-
thyl-2-oxo0-1,2-dihydroquinoline-6-sulfinic acid with
allyl bromide has been developed and 6-allylsulfonyl-
4-methyl-1,2-dihydroquinoline-2-one has been synthe-
sized.

2. To obtain new biologically active substances in
the range of sulfonyl derivatives of quinolone-2 the con-
ditions of the reactions of 6-allylsulfonyl-4-methyl-1,2-
dihydroquinoline-2-one with some of C-, N- and O-nu-
cleophilic reagents have been investigated and the cor-
responding products of addition to the allyl fragment
have been obtained.

3. The chemical transformations described can be
considered as a convenient way to modify and diversify
sulfonyl derivatives of 1,2-dihydroquinoline-2-one.
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XIMIYHI NEPETBOPEHHA HA OCHOBI 6-ANINCYINb®OHIN-4-METUN-1,2-0UTNOPOXIHONIH-
2-OHY 3 METOIO NOLIYKY HOBUX BIONOIN4YHO AKTUBHUX PEHOBUH

T.0.lanko

Knrovoei cnoea: 1,2-0u2iOpoXiHOMiH-2-0H; anincynbgoH, 2emepoyUKIIiYHI CyrnbgOHU;
HyKneoginbHe rnpuedHaHHs

3 memoto nowyky Hogux 6iof102iYHO aKMUBHUX PEYOBUH ceped CyrbQOHITbHUX MOXIOHUX XiHOMO-
Hy-2 Hamu byr1o po3pobrieHo MemoOuUKy 00epxaHHS 3py4YHO20 iIHmepmediamy — 6-anincynbgoHir-
4-memun-1,2-0u2idpoxiHoniH-2-oHy. CuHme3 30iCHEHO WIISIXOM arsiKifly8aHHs 8UXIOHOI 4-memurn-2-
0Kco-1,2-0u2iOpOoXiHOMiH-6- cyanbiHoeoi' Kucriomu aninépomidom y cepedosuwyi auemoHimpurly 3a
rnpucymHocmi nomawy 3 8uxo0oM Uiriboe8o2o npodykmy 73%. HaseHicmb aninsHo2o pazmeHmy
8 odepxxaHoMy 6-anincynbgoHin-4-memun-1,2-0ueiopoxiHoniH-2-0Hi 0o38osusa rnposecmu peakuii
npuedHaHHs1 Oesikux C-, N- ma O-Hykneogbinie. Hesgaxarouu Ha cunbHUU efeKmpoHoaKuenmop-
HUU 8nnue cynbOHInNbHOI epynu npuedHaHHs o nooe8iliIHOMY 38’a3Ky arnincynbsgoHy 8idbysacms-
¢4 3a npasuniom MapkosHikoea. B3aemodito 6-arnincynbgoHin-4-memun-1,2-0u2idpoxiHoniH-2-0Hy 3
MemurneHakmugHUMU Crioslykamu npoeoousiu Ha npuknadi makux pedosuH sik diemurnosuli ecmep
MasioHO80I KUC/Iomu ma emusioguli ecmep UiaHooymosoi KUCIOmU rpu KUr’smiHHi 8 abcomomHo-
My emaHorsii 8 npucymHocmi Hampiro emunamy, ompumasuwu emursosi ecmepu 2-R-3-memuri-4-
(4-memun-2-okco-1,2-0ueidpoxiHoniH-6-cynbgoHrin)bymaHoeoi kucriomu 3 auxodamu 73-79%. Npu
0ii Ha 6-anincynbgoHin-4-memurs-1,2-0u2idpoxiHoniH-2-oH N-HyKneoinbHUX peazeHmis, 30Kpema
Mep8UHHUX anichamuyHux amiHig, ymeoprorombscs 6-(2-ankinamiHonponincynsgoHin)-4-memurn-1,2-
QueidpoxiHoniH-2-oHu. [aHa peakuis nepebicae npu HazpieaHHi y dumemurghopmamioi 0o 50-60°C
npomsizom 6 200, suxodu npodykmig cknadarome 35-40%. Opamauis aninbHO20 chpasmeHmy npu
0ii Hampito 2i0pokcudy nepebicana 8 momy camomy pPO34UHHUKY ripu 20°C 3 ymeopeHHsIM 6-(2-2i0-
PpOoKcunponincynbgoHin)-4-memuri-1, 2-0ueiOpoxiHoniH-2-0Hy 3 8uxo0om 62%. 3a3HaqeHi HanpsIMKU Mo-
OQuabikayjii eidkpusarome repcriekmusy 0111 CMBOPEHHST WUPOKUX Psidie HOBUX CrOMyK 3 PISHOMaHIMHU-
MU QQYyHKUJOHarIbHUMU 2pynamu 8 asiKincynbgOHIIbHOMY hpacMeHmi XiHOMOHI8. Takul midxi0 maKkox
do3eor1sie srnueamu Ha maki enacmusocmi Hogsux BAB, sik MornekynspHa maca, ninoginbHicmb, Kuc-
JTIOMHicmMb MOW0, W0 Mae 8axruee 3Ha4eHHs Of1s1 MPOHUKHOCMI PeYO8UH Kpi3b 6ioroaidHi MembpaHu.

XUMWYECKUE NPEBPALLEHNA HA OCHOBE 6-AJINTUNCYINb®OHUIT-4-METWUI-1,2-
ANrngPOXMHOITNH-2-OHA C LIEJIbIO MOUCKA HOBbIX BUONOIMMYECKU AKTUBHbBIX
BELLECTB

T.A.lJanko

Knroueesie cnoea: 1,2-0u2udpOXUHONUH-2-0H; anuscynbhoH; 2emepoyuKIuUYecKuUe CyibghOHbI;
HyKneogurnbHoe npucoeduHeHue

[ns noucka Ho8bIx 6UOIO2UYECKU aKMUBHbIX 8eL4ecms cpedu CyribOHUITbHBIX MPOU3B00HbLIX XUHO-
JloHa-2 Hamu b6bina paspabomaHa memoduka rony4yeHusi ydobHo2o uHmepmeduama — 6-annuncysnb-
¢poHun-4-memurn-1,2-0uaudpoxuHonuH-2-oHa. CuHme3s ocyuwecmerneH rnymem askuiuposaHus uc-
X00HOU 4-memuri-2-0kco-1,2-0uaudpoxXuUHONUH-6-CyrnbOUHOB0U KUCIOMbI anunbpomMudom 8 cpede
auyemoHumpuia u 8 npucymemeuu riomauwia ¢ 8bIXo00M yenegozo rnpodykma 73%. Hanuyue annuse-
HO20 bpaemeHma 8 nory4eHHOM 6-annuncynboHu-4-memur-1,2-0ugudpOXUHOMNUH-2-0He 03680-
Jurio posecmu peakyuu rpucoeduHeHusi Hekomopbix C-, N- u O-Hykneogburios. Hecmompsi Ha cursib-
HOe 311IeKmMpPOHOaKUernmopHOe 8USsIHUE CyIb@OHUIbHbIU 2pyrrbl pUcoedUHeHUe Mo 080UHOU ces3u
anurncynbgoHa rnpoucxodum o npasuny MapkosHukosa. B3aumodelicmeue 6-annusnicynbgoHuUr-
4-memurn-1,2-0u2udpPOXUHONUH-2-0Ha C MemMuJsieHakmueHbIMU COeOUHEeHUSIMU POo8oousIU Ha Mpu-
Mepe makux seujecms, kak Ousamusoebili aghup MasloHO80U KUCIOMbI U 9mMusiogbll 3¢hup yuaHo-
YKCYCHOU KUCIombl pu KursyeHuu 8 abcormomHoM amaHore 8 npucymcmeuu Hampusi amuniama,
rony4us smursnosble agupbl 2-R-3-memurn-4-(4-memun-2-okco-1,2-0u2udpoxXuHonuH-6-cynbhoHuII)
b6ymaHoeoU Kucriomsl ¢ ebixodamu 73-79%. lNpu delicmeuu Ha 6-annuncynbgoHun-4-vemun-1,2-
OuaudpOXUHOMUH-2-0H N-HyKneoghurnbHbIX pea2eHmos, 8 YaCmHOCMU rep8uYHbIX anugamuyeckux
amMmuHos, obpasyromcs 6-(2-ankunamuHONPonucynboHUIT)-4-memur-1,2-0uaudpPOXUHOUH-2-0OHbI.
JaHHas peakyus npoxodum fpu HagpesaHuu 8 dumemurighopmamude 0o 50-60°C e meyeHue 6 4acos,
8bIX00bI rpodykmoes cocmasrnstom 35-40%. [udpamayus anunbHO20 hpaesmeHma rpu delicmsuu
Hampusi eudpokcuda rpomekarna 8 mom xe pacmeopumerie npu 20°C ¢ obpazosaHuem 6-(2-2ud-
pokcunponuncynboHuUn)-4-memuri-1,2-0uaudpOXUHOIUH-2-0Ha C 8bIX000M 62%. YKka3aHHbIe Harnpas-
JieHuUs1 Modugbukayuu omkpbiearom riepcriekmuegy 0151 c030aHusi WUPOKUX psi008 HOBbIX COeOUHEHUU
C pasnuyHbIMU PYHKUUOHAaTbHBIMU 2pynnamMu 8 anKusicynbghOHUIbHOM hpagMeHme XUHOTOHOS.
HaHHbil modxod makxe no3sonsem enusimb Ha makue ceolicmea HoebiX BAB, kak MornekynspHas
macca, nunoguibHOCMb, KUCIIOMHOCMb U m. 0., YmMOo uMeem 8axHoe 3HadyeHue Or1s MPpoHUuaeMo-
cmu seuwjecmes Yyepe3 buonozuyeckue MemMbpaHsbi.
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Analysis of scientific and patent literature testifies that search of biologically active compounds among
derivatives of 2-oxoindoline is prospective. They include well-known amino acids (tryptophane), neu-
rohormone serotonine, a number of natural alkaloids and synthetic drugs (indomethacin, dimecarbin).
For many years at the Analytical chemistry department of the National University of Pharmacy the ex-
tensive studies have been conducted in the field of development of synthetic methods and the study
of physicochemical and biological characteristics of hetarylcarboxylic acids, in particular, 2-oxaindolin-
eacetic acids and products of their transformation in order to search active and harmless medicines.
The pharmacological research of (2-oxoindolin-3-ylidene)-2-oxoacetic acid derivatives allow making
a conclusion that the highest nootropic activity is shown by substances containing amino acid esters
moieties. Extending directions of the target-based search for biologically active compounds and bas-
ing on the previous studies it has been decided to include the fragments of amino acids into the core
structure — 2-(benzoylamino)(2-oxoindolin-3-ylidene)-2-oxoacetic acid and to carry out the synthesis
of N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetyllamino acids ethyl esters. The structure of
the compounds synthesized has been confirmed by the data of elemental analysis, IR- and 'H NMR-
spectroscopy. In 'H NMR spectrum of N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetyl]glycine
the signal of the methylene group of the amino acid residue is observed as a duplet at 5 4.0 ppm. The
signal of the carboxyl group proton in the spectrum of the acid is not observed as a result of deuterium
exchange. The signal of CH,-group is shifted downfield (4.08 ppm) for the ester. The signals of the
ethoxy group are recognized as a quartet at 4.20 ppm (2H, CH,) and a triplet at 1.21 ppm (3H, CH,).
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In Ukraine, as well as in the most countries all over
the world, a cerebral stroke is one of the most frequent
causes of disability and death rate. According to the re-
search data there are 600 patients with the consequences
of stroke per each 100 thousand of the population; 60%
of them remain invalids. At the same time an active re-
habilitation allows to decrease the degree of disability
for patients that overcome the cerebral stroke and to turn
them back to work.

Due to the fact that the native nootropic drugs no-
menclature is significantly less than the nomenclature
of this group of drugs available at foreign markets, and
which is very often insufficient for necessities of medi-
cal practice satisfaction, the search of new nootropic
drugs is an urgent task. Taking into consideration the
reference sources the interest for chemistry of 2-oxoin-
dolinacetic acids is conditioned by a significant biologi-
cal activity of their derivatives [12, 14-16].

Lately the attempts of modification of different com-
pounds by amino acids, which have a wide spectrum
of the pharmacological activity and provide harmless
and easily digestible form to other substances, are per-
formed. In many cases they have the potentiating effect
[17-20]. In addition, amino acids participate in the pro-
cesses of nervous, vascular and other types of regula-
tion of the body’s functions.

The aim of our research is the synthesis of a new
group of chemical compounds — N-[2-(benzoylamino)
(1-R-2-oxoindolin-3-ylidene)acetylJamino acids and their
ethyl esters as potential biologically active substances [8-10].

An attempt to obtain N-[2-(benzoylamino)(1-R-2-
oxoindolin-3-ylidene)acetyl]amino acids using the tra-
ditional method leads to target products (2-4) with 45-
50% yields. We offered the method with the use of me-
thanol solution of potassium hydroxide and 1,4-dioxane,
it allowed to increase the acid (2-4) yields up to 95%
preserving a sufficient degree of their purity (Scheme 1).

The amino acids (2-4) synthesized are yellow crys-
talline substances with precious melting points after
crystallization from 1,4-dioxane (Tab. 1); soluble when
heating in ethanol, dioxane, DMFA, DMSO.

The pharmacological research of (2-oxoindolin-3-
ylidene)-2-oxoacetic acid derivatives allow making a
conclusion that the highest nootropic activity is shown
by substances containing amino acid esters moieties
[5-7]. Taking this fact into account it was expedient to
carry out the synthesis of N-[2-(benzoylamino)(1-R-
2-oxoindolin-3-ylidene)acetyl]amino acid and, first of
all, N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)-
acetyl]glycine ethyl ester.

Compound (5) was obtained by esterification of N-
[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetyl]
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Scheme 1. Interaction of azlactone of 2-(benzoylamino)(2-oxoindolin-3-ylidene)acetic acid (1) with amino acids.

glycine (2) in absolute ethanol [3]. Ethyl esters of N-
[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetyl]
glycine (5.1-5.5) were synthesized by alkylation of the
acid (2) in the presence of potassium carbonate in DMSO
solution. These compounds can be also obtained by heat-
ing azlactones containing aliphatic substituents in 1 po-
sition of the oxoindoline cycle (1.1-1.5) with glycine ethyl
ester hydrochloride in the ethanol media (Scheme 2).

N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)
acetyl]glycine ethyl esters (5-5.5) after crystallization
from 1,4-dioxane are yellow crystalline substances with
precious melting points (Table 1), soluble in ethanol,
dioxane, DMFA, DMSO.

The structure of compounds (5-5.5) were confirmed
by the data of elemental analysis, IR- and 'H NMR-
spectroscopies (Tab. 2).

IR-spectra of the compounds synthesized, except
the stretching bands v N-H 3332 and 3291 cm' (2-4)
and 3297 cm (5-5.5), have an increased intensity of
stretching bands v C-H in the range of 3150-2928 cm,
and it indicates the presence of aliphatic substituents.
The stretching band v C=0 at 1733 (2-4) and 1737 cm!
(5-5.5) testifies the presence of the carbonyl group in
the structure bonded to the alkyl radical [1, 4].

In '"H NMR spectrum of N-[2-(benzoylamino)(1-R-
2-oxoindolin-3-ylidene)acetyl]|glycine (2) the signal of

the methylene group of amino acid is recognized as a
duplet at 6 4.0 ppm. The signal of the carboxyl group
proton in the spectrum of the acid is not observed as
a result of the deuterium exchange. The signal of the
CH,-group is shifted downfield (4.08 ppm) for the ester
(5). The signals of the ethoxy-group are observed as a
quartet at 4.20 ppm (2H, CH,) and a triplet at 1.21 ppm
(3H, CH,) [13].

Experimental Part

When studying the objects under research in order
to confirm the structure and purity of the substances syn-
thesized the physical and chemical methods described
in the State Pharmacopeia of Ukraine were used [2].

Melting points were determined by the capillary me-
thod on a “PTM (M)” apparatus. The elemental analy-
sis of Nitrogen was carried out on an automatic analy-
ser “CNH”, model EA 1108 “Carlo Erba”.

IR-spectra were registered on a “Tensor 27" apparatus
in KBr tablets, the concentration of the substance — 1%.

"H NMR spectra of the compounds synthesized were
recorded on a Varian Mercury VX-200 spectrophoto-
meter (200 MHz). The solvent was DMSO-Dq, the in-
ternal standard was tetramethylsilane (TMS). Chemi-
cal shifts are given at the ppm scale.

The data of elemental analysis correspond to the
calculated one.

(;ONHCHQCOOH (FONHCHQCOOEt
;C—NHCOC6H5 C-NHCOC:Hs
EtOH, H,50, &
2 o
™ N
H H 5
=
My
|82
Q|
c|gl
Zlwe
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g
O v
O (FONHCHQCOOEt
i C-NHCOCHs
7y " CeHs /
: NH,CH; COOELHCI o
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|
E 1-1.5 E =558

Scheme 2. Synthesis of N-[2-(benzoylamino)7(1-R-2-oxoindolin-3-ylidene)acetyl]glycine ethyl ester (5-5.5).
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Table 1

Characteristics of N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetyl]amino acids (2-4)

and ethyl esters (5-5.5)

Compound Molecular formula %{m’ Melting point, °C Yield, %
2 C,oH,sN,O, % 250-252 95
3 C,H,,N,O, % 250-252 93
4 C,H,oN,O, % 222-223 92
5 C,H,N,O, Lo 248-250 92
5.1 C,,H, N0, o 232-234 84
5.2 C,;H,;N,O, % 174-176 81
53 C,.H,sN, O, % 160-162 88
54 C,.H,N,O, 237 153-155 86
5.5 C,.H,.N,O, oo 196-198 99

N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylide-

ne)acetyl|glycine (2)

H
0=—=C——N——CH,COO0

H
C—N—~ C

o

Iz

To the solution of 0.3 g (0.005 mol) of KOH in
10 cm?® of methanol add 0.4 g (0.005 mol) of glycine.
Transfer the mixture obtained into solution of 1.45 g
(0.005 mol) of 3-(5-ox0-2-phenyl-1,3-oxazole-4(5H)-
ylidene)-1,3-dihydro-2H-indol-2-one) (1) in 10 cm? of
1,4-dioxane. Heat the reaction mixture with a reflux on
a water bath for 60 min, then cool and transfer into wa-
ter acidified by chloric acid. Filter the precipitate, wash
with water, dry and crystallize from 1,4-dioxane. The

Table 2

"H NMR spectra of N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetylJamino acids (2-4)

and ethyl esters (5-5.5)

Chemical shifts, 6, ppm.
Compound | NHCO |NH-indol| CONH . :
(1H, 0) (1H, 0) (1H, 7 Ar-H Protons signals of other functional groups
2 12.89 11.05 9.18 8.01-6.75,m,9H |3.91 (2H, d, CH,)
3 12.81 11.01 8.91 8.02-6.81, m,9H |3.51 (2H, m, CH,CH,); 2.61 (2H, t, CH,CH,)
] 3.35 (2H, m, CH,CH,CH,); 2.27 (2H, t, CH,CH,CH.,);
4 12.85 11.07 8.09 7.95-6.90, m, 9H 1.78 (2H, m, CH.CH.CH.)
5 12.92 11.10 9.28 8.02-6.92, m,9H |4.09 (4H, m, NHCH,+CH,CH;); 1.21 (3H, t, CH,)
] 4.11 (4H, m, NHCH,+ OCH,CH.); 3.25 (3H, 5, NCH.);
5.1 12.89 9.21 8.02-6.82, m, 9H 1.21 (3H,t, OCH.CH.)
) ) 4.18 (4H, m, CH,COOCH,); 3.80 (2H, t, NCH,);
5.2 12.88 9.24 7.98-6.83, m, 9H 1.20 (6H, m, 2CH,)
4.12 (4H, m, CH,COOCH.,); 3.80 (2H, t, NCH,);
53 12.89 - 9.23 7.95-6.81, m,9H |1.65 (2H, m, CH,CH,CH,); 1.21 (3H, t, OCH,CH,);
0.89 (3H, m, CH,CH,CH,)
4.20 (4H, m, CH,COOCH,); 3.75 (2H, t, NCH,);
5.4 12.89 - 924 | 7.95-6.83,m,9H |1.67 (2H, m, NCH,CH.,); 1.23 (2H, m, N(CH,),CH.);
1.20 (3H, t, OCH,CH,); 0.88 (3H, t, N(CH,),CH.)
] ] 5.02 (2H, s, NCH.); 4.12 (4H, m, CH,COOCH,);
5.5 12.81 9.31 7.98-6.81, m, 14H 1.19 (3H, t, CH,CH,)
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yield is 1.72 g (95%), m.p. 250-252°C. Compounds (3,4)
are obtained in the same manner.

N-[2-(benzoylamino)(1-R-2-oxoindolin-3-ylide-
ne)acetyl]glycine ethyl ester (5)

H
O——=C——N——CH,COOE!
| w
C— N—ﬁ
.

(¢}

N
H

Method A. In a round-bottomed flask place 1.82 g
(0.005 mol) of N-[2-(benzoylamino)(1-R-2-oxoindolin-
3-ylidene)acetyl]glycine (2), 15 cm® of absolute ethanol
and 0.2 ml of the concentrated sulfuric acid. Heat the
flask with a reflux and a drying tube on a water bath for
90 min. In 12 hours filter the precipitate formed, wash
with water, dry and crystallize from 1,4-dioxane. The
yield is 1.8 g (92%), m.p. 248-250°C. Compounds (5.1-
5.5) are obtained in the same manner.

Method B. To 1.45 g (0.005 mol) solution of 3-(5-
oxo0-2-phenyl-1,3-oxazole-4(5H)-ylidene)-1,3-dihydro-

2H-indol-2-one) (1) in 15 cm® of ethanol add 1.4 cm?
(0.005 mol) of triethylamine and 1.04 g (0.005 mol)
of glycine ethyl ester hydrochloride. Heat the reaction
mixture with a reflux on a water bath for 60 min, then
cool and transfer into water acidified by chloric acid.
Filter the precipitate, wash with water, dry and crystal-
lize from 1,4-dioxane. The yield is 1.8 g (92%), m.p.
248-250°C. The mixed sample of the compounds ob-
tained by A and B methods does not possess melting
point depression, their 'H NMR-spectra are identical.

CONCLUSIONS

1. The method for obtaining of N-[2-(benzoylamino)
(1-R-2-oxoindolin-3-ylidene)acetylJamino acids with the
use of methanol solution of potassium hydroxide and
1,4-dioxane has been developed, and it allows to increase
the yields of target products up to 95% preserving a suf-
ficient degree of their purity. Ethyl esters of N-[2-(ben-
zoylamino)(1-R-2-oxoindolin-3-ylidene)acetyl]glycine have
been synthesized.

2. The structure of the compounds synthesized has
been proven by the data of elemental analysis, IR- and
'H NMR-spectroscopy.
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CUHTES3 | BINTACTUBOCTI ETUNIOBUX ECTEPIB N-[2-(BEEH3O0INTAMIHO)(2-OKCOIHAOJIH-

3-INIAEH)ALUETUN]AMIHOKUCTIOT
0.0.Anmyxoe

Knroyoei cnoea: cuHmes; rnoxidHi 2-(6eHsoinamiHo)(1-R-2-okco-1,2-0uzidpo-3H-iHdon-3-inideH)
0UMmoBUX KUC/IOM; a3 N1akmoH,; aMiHOKUCIIomu, emursiosi ecmepu

AHari3 Haykogoi ma nameHmHor fiimepamypu ceid4yums fpo fnepcrekmusHicme nowyKy 6ionoaiyHo
aKmueHUX Criofyk ceped rnoxiOHUX 2-0KCOIHOOMIHY, ceped SKux 8idoMi aMiHOKUciomu (mpurnmogbaH),
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HelpOo20pMOH CEPOMOHIH, psi0 MPUPOOHUX askasoidie i CUHMemUuYHUX JiKkapCbKuXx 3acobig (iHoomema-
UuH, OumekapbiH). Ha kagheOpi aHanimuyHoI Ximii HaujioHanbHO20 ¢ghapmauesmuyHo20 yHigepcumemy
npomsizoM 6ba2ambOX POKi8 po8odsiMbCsl WUPOKI OOCIOXKEHHS 8 2arly3i po3pobku memodie cuHmMe3sy
ma eug4eHHs1 (hi3UKO-XiMIYHUX i 6iofo2iYHUX eracmueocmeli 2emepusikapboHOB8UX KUCIOM, 30Kpe-
Ma, 2-OKCOIHOOMHOUMOBUX KUCIOM I poOyKmig ix nepemeopeHHsi 3 MeMOK MOWyKy akmueHUX ma
Hewkidnusux nikapcbKux 3acobis. ®apmakoriociyHi 00CiOKeHHS MoXiOHUX (2-0KCOIHOOMIH-3-ini0eH)-
2-0Kcioymoeoi Kucromu 9003807usnu 3pobumu 8UCHOBOK, WO Halbinbwy HOOMPOIHY akmueHICMb
MposiIBIAOMb PEHOB8UHU, 00 CKnady sSKUX 8x008mb 3aiuwKu ecmepie amiHokucriom. Po3wuptooyu
HanpsiMKu yinecripsmosaHo20 rnowyky BAP, a makox crniuparoquck Ha rnornepedHi AOCiOXKeHHS, MU
supiwusu 0o bazoeoi cmpykmypu 2-(6eH3oinamiHo)(2-okcoiHdoriH-3-inideH)oymoesoi Kucriomu eeec-
mu ¢bpaemeHmu amiHokuciom i 30iicHumu cuHme3s emusiogux ecmepie N-[2-(6eH3oinamiHo)(1-R-2-
OKcoiHOoriH-3-innideH)ayemurijamiHokucriom. bydosy crionyk dogedeHo daHUMU e/leMeHMHO20 aHa-
nizy, I4- ma SIMP "H-cnekmpockonii. B SAMP 'H-cnekmpi N-[2-(6eH30inamiHo)(1-R-2-okcoiHdoniH-3-
inideH)auemurijaniyuHy cu2Haa MemusieHo80I epynu aMiHOKUC/IOMHO20 3arnulluKy MposiensiemsCsi y
suansdi dybrniemy ripu & 4,0 m.4. CuaHan MpomoHy KapbOoKCUIbHOI 2pyrnu y criekmpi 3a3Ha4eHol KUC/10-
mu He criocmepieaembcsi 8Hacliook delimepoobmiHy. [ns ecmepy cuerHan CH,-epynu amiwyemscs y
6inbw criabke rorne 4,08 m.4. CueHanu emoKcuribHOI 2pynu Matoms 8uesnsad keapmemy rpu 4,20 M. 4.
(2H, CH,) ma mpunnemy npu 1,21 m.4. (3H, CH,).

CUHTE3 1 CBOMUCTBA 3TUNOBbLIX 9®UPOB N-[2-(BEH30UNTAMUHO)(2-OKCOUHOONWUH-
3-UNWOEH)ALETUN]AMUHOKUCTIOT

A.A.Anmyxoe

Knroyeenie cnoea: cuHmes; rpoussodHbie 2-(beHaounamuHo)(1-R-2-okco-1,2-0ueudpo-3H-uHdor-
3-unudeH)yKcyCHbIX KUCIIOM, a3fiakimoH,; aMUHOKUCIOMbI;, 3musiogble 3¢hupbi

AHarnu3 Hay4YHoU u nameHmHouU numepamypbi ceudemernibcmayem 0 nepcrnekmueHocmu rnoucka buo-
Jlo2uyecKU akmueHbIx coeduHeHuUl cpedu rpousBoOHbIX 2-0KCOUHAOMUHA, cpedu KOmopbIx u3gecm-
Hble aMUHOKUCI0mbI (mpurnmoghaH), HelipO20PMOH CEPOMOHUH, pPsI0 NMPUPOOHbLIX ankaaoudos U CUH-
memuu4ecKux fiekapcmeeHHbIx cpedcmes (UHOomMemauuH, OumekapbuH). Ha kaghedpe aHanumuyeckoul
Xumuu HayuoHanbHO20 thapmayesmuyecKkoeo yHugepcumema 8 meyeHue MHoaux 1em rnposoosim-
cs Wwupokue uccriedosaHusi 8 obriacmu paspabomku Memodo8 cuHmesa u usy4eHue pu3UKO-XUMU-
4yeckux u buornoaudeckux ceolicme eemepunikapboHO8bIX KUCIIOM, 8 YaCmHOCMU, 2-OKCOUHOOMUH-
YKCYCHbIX KUC/I0M U rpodyKmoe ux rnpeobpa3osaHusi C UErbio Noucka akmugHbIX U 6e36pedHbIX re-
KapcmeeHHbIx cpedcms. @apmakoroaudeckue uccriedosaHusi Mpou3eo0HbIX (2-0KCOUHOOMUH-3-Uuru-
0€H)-2-0KcuyKcyCcHOU KUCIombl M0380/uU coennamb 861800, YMO HaUbOMbWY HOOMPOIMHYH aK-
MmueHOCMb MPOSIBIISIOM 8eWeCmea, 8 COCMas Komopbix 8X005im ocmamku 3¢hupo8 aMuHOKUCIOM.
Pacwupsisi acnekmsl yesneHarnpasrneHHo20 roucka bAB, a makxe onupasicb Ha npedbidyujue uc-
credosaHusi, Mbl pewunu 8 6azosyro cmpykmypy 2-(6eH3ounamuHo)(2-0KCoUuHOOMUH-3-UnudGeH)yKcyc-
HOU Kucriombl 8eecmu ¢hpazaMeHmbl aMUHOKUCIIOM U OCyU,ecmeumb CUHMEe3 3musiosblx 3¢hupos
N-[2-(6eH30ounamuHo)(1-R-2-okcouHOonuH-3-unudeH)auemunJamuHokucriom. CmpoeHue coeduHe-
Hul OoKa3aHOo OaHHbIMU 3rieMeHmMHoe0 aHarnusa, VK- u IMP 'H-cnekmpockonuu. B AIMP 'H cniekmpe N-[2-
(6eHsounamuHo)(1-R-2-okcouHdonuH-3-unudeH)auemursijenuyuHa cuaHan MemusieHo8oul 2pyrrbl amu-
HOKUCIIOMHO20 ocmamka rposiensiemcs 6 sude dybriema ripu 6 4,0 m.4. CueHar npomoHa KapboKcusib-
HOU 2pyrinkl 8 criekmpe ykasaHHoOU Kucriomsl He Habrntodaemcs ecriedcmeaue delimepoobmera. [ns
agbupa cuzHan CH,-epynnsl cmeuw,aemcs 6 6onee criaboe nosne 4,08 m.4. CueHarsl 3moKcuisHoU
epynnbl umetom eud keapmema rpu 4,20 m.4. (2H, CH,) u mpunnema npu 1,21 m.4. (3H, CH,).
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As high-performance liquid chromatography is the most optimal method for qualitative and quantita-
tive analysis of multicomponent medicines, including phytomedicines, — owing to the possibility to
identify and quantify the substances of different volatility degree in the same sample, — the qualitative
composition and quantitative content of the complex apiphytomedicine “Apised” developed in the
form of capsules for treatment of mental and emotional disorders and depression states in sports
medicine has been investigated using HPLC-analyser on the basis of a Milichrome A-02 chromato-
graph. At the preliminary stage of our research of the active pharmaceutical ingredients of “Apised”
capsules and the apiphytomedicine directly developed it has been found that there are 14 compounds
in the composition of the standardized substance of natural powdered honey, 19 compounds in the
composition of the garden balm herb, 24 compounds in the composition of the hop cones, 20 com-
pounds in the composition of the inflorescences of spike lavender, 27 compounds in the composition
of “Apised” capsules. By comparing the retention times and spectral ratios of the peaks obtained
with the device database the presence of linalool, rosmarinic and chlorogenic acids in the composi-
tion of the garden balm herb, quercetin and myrcene in the composition of the hop cones, linalool
in the composition of the inflorescences of spike lavender, linalool and myrcene in the composition
of natural powdered honey has been shown. The experimental data concerning the percentage of
biologically active substances in the apiphytomedicine “Apised” correlate well with the composition of
the medicine developed and the literary information about the chemical composition of the medicinal
plant raw material studied. The method offered gives the possibility to carry out standardization of the
composition of the medicine developed, namely “Apised” capsules, regardless of the way of obtaining

and origin of the medicinal plant raw material.

To treat mental and emotional disorders and depres-
sions states in sports medicine the complex apiphytomedi-
cine “Apised” in the form of capsules [2] has been de-
veloped at the Department of Pharmacy Technology of
Drugs of the National University of Pharmacy; its main
active pharmaceutical ingredients (APhI) are the stan-
dardized substance of natural powdered honey (NPH)
and the essential oil plant raw material such as the garden
balm herb (Herba Melissa officinalis), the hop cones
(Strobuli Humuli lupuli) and the inflorescences of spike
lavender (Flores Lavandulae angustifoliae) [5].

As high-performance liquid chromatography (HPLC)
is considered to be the most optimal method for qualita-
tive and quantitative analysis of multicomponent medi-
cines, including phytomedicines [6, 10, 12], we have
set a goal to carry out the research of the apiphytomedi-
cine developed just by this method.

Previously the qualitative composition and quantita-
tive content of the main components of essential oils of
APhI of “Apised” capsules was investigated by us using
the method of gas chromatography, however, the method
developed allows to determine only volatile compounds
included in the composition of the medicine [11].

Unlike other research methods of biologically ac-
tive compounds the advantage of HPLC method con-

sists exactly in the possibility to identify and quantify
the substances of different volatility degree in the same
sample under the chromatographic conditions carefully
selected. The presence of such conditions is provided
by using the so-called HPLC-analyser — it is the approach,
which essence consists in carrying out the analysis of
compounds of a certain list (from 20 to 500 substances)
using the same chromatographic system. For this pur-
pose the database for the array of standard substances is
compiled, and futher identification of peaks on chroma-
tograms of the test samples is carried out by compari-
son of their retention times, as well as spectral ratios
with this database [7, 9, 10]. One of the variants of such
a system was developed on the basis of a Milichrome
A-02 chromatograph (“EcoNova” JSC, Novosibirsk,
Russian Federation) [1] are among them.

In the work the results of determination of biologi-
cally active substances of “Apised” capsules and their
individual ingredients using the system of HPLC-anal-
yser mentioned have been given.

Materials and Methods

The following samples of APhI of “Apised” cap-
sules as the garden balm herb — Herba Melissa officina-
lis L. (the registration certificate No. UA/8919/01/01,
batch 60612) manufactured by “Liktravy” PJSC (Zhy-
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Table 1
The basic chromatographic parameters of linalool, myrcene, rosmarinic acid, quercetin
and chlorogenic acid when determining by the HPLC method
R(5./5,,0)

Substance temin | Vo, mcl | 210nm | 220nm | 230 nm | 250 nm | 260 nm | 270 nm | 280 nm | 330 nm
210nm | 210nm | 210nm | 210nm | 210nm | 210 nm | 210 nm | 210 nm

Chlorogenic acid 9.46 9460 1.0000 | 0.8780 | 0.6022 | 0.1537 | 0.2095 | 0.2248 | 0.2473 | 0.5247
Rosmarinic acid 12.53 1253 1.0000 | 0.8647 | 0.6565 | 0.5564 | 0.4277 | 0.3956 | 0.4905 | 0.9269
Quercetin 14.16 1416 1.0000 | 0.6439 | 04958 | 0.1953 | 0.1232 | 0.1612 | 0.2840 | 0.4679
Linalool 20.76 2076 1.0000 | 0.5252 | 0.4020 | 0.8165 | 0.8135 | 0.5118 | 0.4426 | 0.6019
Myrcene 27.20 2720 1.0000 | 0.7997 | 0.6846 | 0.6533 | 0.4298 | 0.3127 | 0.3253 | 0.7136

tomyr, Ukraine); the hop cones — Strobuli Humuli lu-

puli L. (the registration certificate No.UA/11477/01/01,

batch 003) manufactured by “Liktravy” PJSC (Zhy-
tomyr, Ukraine); the inflorescences of spike lavender

— Flores Lavandulae angustifoliae Mill. cultivated on

the territory of Nikitsky Botanical Garden of UAAS;

NPH (amendment No.1:2013 to the Ukrainian speci-

fication 01.2-02010936-001:2007) obtained by freeze

drying under conditions of “Biolik” JSC (Kharkiv) using
the “Virtis” production equipment (USA); as well as “Api-
sed” capsules [2, 5] were the objects of our research.

The standard samples of compounds such as linalo-
ol (batch W263516), myrcene (batch 64643), rosmarin-
ic acid (batch 00390580) produced by Sigma-Aldrich
Chemie GmbH company (Germany) and pharmaco-
peial standard samples of quercetin (batch 050107) and
chlorogenic acid (batch 140308) were used in our work.

The chromatographic procedure was carried out us-
ing a Milichrome A-02 chromatograph.

The chromatographic conditions were:

e column— 2 x 75 mm;

* reversed phase — ProntoSIL — 120 — 5 — C18 AQ
(“Bischoff Analysentechnik und Geridte GmbH”,
Germany);

» efficiency — not less than 5000 theoretical plates;

* temperature — 40°C;

* eluent A — [4 mole/l LiClO, — 0.1 mole/l HCIO,] —
H,0 (5:95);

* cluent B — acetonitrile “for HPLC”;

* flow rate — 100 mcl/min;

* clution —a linear gradient from 5% to 100% of aceto-
nitrile for 40 min, then 100% acetonitrile for 3 min;

* detector — UV-spectrophotometer with 8 wavelengths
(210, 220, 230, 250, 260, 270, 280 and 330 nm).
The chromatographic HPLC-system suitability is pe-

riodically controlled by chromatographing the special

control multicomponent solution.

The sample preparation was carried out in the fol-
lowing way: 0.2000 g of the corresponding test sample
was extracted by 20.00 ml of 96% ethanol; the solutions
obtained were filtered and analysed under the condi-
tions mentioned above; not less than 5 chromatograms
were developed — the sample volume was 4 mcl.

Results and Discussion

At the preliminary stage of our research of the active
pharmaceutical ingredients of “Apised” capsules and the

apiphytomedicine directly developed it has been found that
there are 14 compounds in the composition of the stand-
ardized substance of natural powdered honey, 19 compounds
in the composition of the garden balm herb, 24 compounds
in the composition of the hop cones, 20 compounds in
the composition of the inflorescences of spike lavender,
27 compounds in the composition of “Apised” capsules.

By comparing the retention times and spectral ra-
tios of the peaks obtained with the device database the
presence of linalool, rosmarinic and chlorogenic acids
in the composition of the garden balm herb, quercetin
and myrcene in the composition of the hop cones, lina-
lool in the composition of the inflorescences of spike
lavender, linalool and myrcene in the composition of
natural powdered honey has been shown.

To increase reliability of identification of the com-
pounds previously determined the standard samples (SS)
of linalool, myrcene, quercetin, rosmarinic and chloro-
genic acids added to the test samples after the primary
identification were used, and the repeated research was
conducted.

Increase of the peak area of the corresponding com-
pounds and the absence of peaks split in this case con-
firm the supposition concerning the structure of the com-
pounds identified made during the primary analysis.

The basic chromatographic parameters of the com-
pounds identified under the conditions of performing
the analysis are given in Tab. 1.

The typical chromatogram of biologically active com-
pounds of the apiphytomedicine “Apised” obtained un-
der conditions of the experiment is given in Figure.

For quantitative determination of the substances identi-
fied in the composition of APhI of the apiphytomedicine
studied and namely “Apised” capsules at the first stage of
the experimental research the batch of model solutions of
linalool, myrcene, quercetin, rosmarinic and chlorogenic
acids SS was prepared, they were chromatographed under
the conditions mentioned above and possibility of carrying
out the quantitative analysis of the given substances within
the concentrations range from 0.1 to 1 mg/ml was shown.
At the second stage of the research the content of each com-
ponent was calculated according to the chromatograms of
the solutions studied with SS addition and without it.

The quantitative content (%) of the basic compounds
identified in the apiphytomedicine developed and its
separate constituents is given in Tab. 2.
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Fig. The typical chromatogram of biologically active compounds of “Apised” capsules obtained

Table 2

The results of the quantitative determination
of linalool, myrcene, rosmarinic acid, quercetin
and chlorogenic acid by the HPLC method

Compound Peak area Content, %
s | s
Garden balm herb
Linalool 0.18146 0.32645 0.18%
Rosmarinic acid 0.22210 0.44618 1.71%
Chlorogenicacid | 0.13256 0.23589 0.16%
Hop cones
Quercetin 0.32156 0.48957 0.21%
Myrcene 0.21387 0.44782 0.12%
Inflorescences of spike lavender
Linalool 0.12065 0.26048 | 0.12%
natural powdered honey
Myrcene 0.30102 0.44782 0.19%
Linalool 0.11018 0.24536 0.11%
“Apised” capsules
Linalool 0.14618 0.28128 0.14%
Rosmarinic acid 0.06121 0.28947 0.45%
Chlorogenicacid | 0.05875 0.15245 0.07%
Quercetin 0.09548 0.26518 0.06%
Myrcene 0.15425 0.30007 0.09%

by the HPLC method under the conditions mentioned above.

It should be noted that the experimental data of Tab. 2
concerning the percentage of biologically active com-
pounds determined in the apiphytomedicine “Apised” cor-
relate well with the composition of the medicine develo-
ped and the literary information about the chemical compo-
sition of the medicinal plant raw material studied [3, 4, 8].

Thus, the complex of the experimental research con-
ducted concerning identification and quantitative determi-
nation of biologically active substances of APhI of the api-
phytomedicine developed allows to develop the reliable
and reproducible method, which gives the possibility to
carry out standardization of “Apised” capsules developed.

CONCLUSIONS

1. The qualitative composition and quantitative con-
tent of the complex apiphytomedicine “Apised” develo-
ped in the form of capsules for treatment of mental
and emotional disorders and depression states in sports
medicine has been investigated using HPLC-analyser
on the basis of a Milichrome A-02 chromatograph.

2. The presence of 27 compounds has been detected
in the composition of the “Apised” apiphytomedicine de-
veloped; among them linalool, myrcene, rosmarinic acid,
quercetin and chlorogenic acid have been identified.

3. The method offered gives the possibility to carry
out standardization of the composition of the medicine de-
veloped, namely “Apised”’capsules, regardless of the way
of obtaining and origin of the medicinal plant raw material
with the help of high-performance liquid chromatography.
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AOOCNIOXEHHA CKINNAQY AKTUBHUX ®APMALIEBTUYHUX IHTPELQIEHTIB KAMCYI
«ANICEQ» METOOOM BUCOKOE®EKTUBHOI PIDUHHOI XPOMATOIPA®II

O.C.lWnuyvak, O.l.TuxoHo8

Knrovoei crioea: meprieHoidu, chriagoHoidu,; sucokoeghekmusHa piduHHa xpomamozpacpis

3 oenady Ha me, wo Halbinbw onmumarnbHUM Memodom O SKICHO20 ma KiflbKicHo20 aHanisy ba-
2amoKOMIMOHEHMHUX JliKapCbKux 3acobis, y momMy qucsii i pimonpenapamis, € Memod 8UCOKOEhEK-
mueHoI piduHHOI Xpomamoepadpii — 3a80sIKU MOXueocmi ideHmMughikyeamu ma KiflbKicCHO 8u3Ha4ya-
mu 8 00Hili Mpobi pe4yo8UHU Pi3HO20 cMyreHs1 iemkKocmi, O0CIOXeHO SKICHUU cKkrad ma KinbKicHUU
emicm po3pobrieHo20 KOMIMIEKCHO20 anichimonpenapamy «Amniced» y ¢popmi Karcyn Onsi 3acmocy-
8aHHS y criopmueHili MeOUUUHI 3 sukopucmaHHsam « BEPX-aHanizamopa» Ha ocHosi xpomamozpacgha
«Minixpom A-02». Ha nonepedHboMy emani dociOxXeHb akmueHUX ghapMay,esmuyHUX iHepedieHmis
kancyn «Aniced» ma b6e3rnocepedHb0 po3pobrieHozo anighimonpenapamy 6yr0 cmaHO8/IeHO Ha-
seHicmb 14 cnonyk y cknadi cmaHdapmu3oeaHoi cybecmaHuii medy HamyparibHO20 MopowWKonodi6-
Hoeo, 19 cronyk — mpaesu Mericu J1iKkapCcbKol, 24 crioyKu — WUWOK XMeslro 38udaltiHozo, 20 crionyk
— cyusimb siagaHOU 8y3bKOIUCMOI, 27 cnomnyK — Karcyn «Anicedy. LLnsxom nopieHsHHS Yacy ympu-
My8aHHSI ma criekmparibHUX 8IOHOWEHb OMPUMaHUX rikie 3 «b6a30t0 OaHux» npunady byro nokasaHo
npucymHicms y cknadi mpasu Mesicu fikapcbKol niHamnoory, po3mapuHO80i ma X/1opo2eHo8oIl Kuc-
JIom, WUWOK XMesTo 38U4aliHO20 — K8epuemuHy ma MipyeHy, cyusime flagaHou 8y3bKOUCMOI — fi-
Hamoorny, medy HamypasibHO20 MopowkKonodibHo20 — fiHamoony ma MipueHy. EkcriepumeHmarnbHi
OaHi w000 8i0comko80o20 8micmy 6iof1o02iYHO akmu8HUX Pevyo8uH & anichimornpenapami «Amniced»
0obpe Koperntrms 3i ckinadom po3pobrieHo20 npenapamy ma faimepamypHumMu 0aHUMU 8iOHOCHO
XiMi4HO20 cKrnady Q0cridxyeaHOi NiKkapChbKOI pOCAUHHOI cupos8uHU. 3arporioHogaHa Memooduka dae
MOXIugicmb He3arnexHo 8id crocoby ompuMaHHsI ma roxo0XXeHHS JiKkapCbKoi POCIUHHOI CUPOBUHU
rnposecmu cmaHOapmu3au,ito ckiiady po3pobrieHozo npenapamy — Karcys «Amicedx.

MCCINEOOBAHME COCTABA AKTUBHbIX ®APMALIEBTUMECKUX MHTPEOUEHTOB KAMCYI
«AMUCEO» METOAOM BbICOKOQ®®EKTUBHOMN XXWAKOCTHOW XPOMATOIPA®UU
O.C.lWInuyak, A.N.TuxoHo8

Knrovesnie crniosa: meprieHoulbl; hriagoHOUdbI; 8bICOKOIhheKmMuU8Has XUOKOCMHast
Xpomamogzpagusi

Besudy mozo, ymo Haubonee onmumasbHbIM MemoooM 05l Ka4ECMBEHHO020 U KOTUYeCmeeHHO20
aHasnu3a MHO20KOMIMOHEHMHbIX JIeKapCMeeHHbIX cpedcms, 8 MmoM Hucse u ¢humonpernapamos, s8-
nissemcsi Memo0 8bICOKO3hgheKmueHOU XUOKOCMHOU xpomamoepaghuu — briazodapsi 803MOXXHOCMU
udeHmughuyuposamp U KOfIU4ecmeeHHoO orpedernsimb 8 00HOoU rpobe seuwecmea pa3Hol cmeneHu
nemyyecmu, uccrnedo8aH Ka4eCmeeHHbIl cocmaes U Koru4ecmeeHHoe codepxkaHue paspabomaHHo-
20 KOMIMIEKCHO20 arnucumonpenapama «Anuced» 8 chopme Karicyn 07151 MPUMEHEHUS 8 CrIOPMUHOU
meduyuHe ¢ npumeHeHueMm «B3XKX-aHanuszamopa» Ha ocHoge xpomamoepacha «Murnuxpom A-02».
Ha npedsapumenbHom amarie uccredogaHull akmuseHbIX chapMauesmuyeckux UHepedueHmos Kari-
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cyn «Anuced» u HerocpedcmeeHHO pa3pabomaHHo20 anugumonpernapama bbi10 ycmaHO8/1eHO
Hanu4ue 14 coeduHeHUl 8 cocmase cmaHOapmu3upoeaHHoU cybcmaHuuu meda HamyparbHO20 r10-
powkoobpasHozo, 19 coeOuHeHUl — mpaesbl MEUCChI JIeKapCmMeeHHOU, 24 coeQUHEHUST — WUWeK
xmesist 06bIKHO8eHHO20, 20 coeduHeHul — couysemuli nasaHObl y3konnucmou, 27 coeOQuUHeHUU — Karl-
cyn «Anucedy». lNymem cpasHeHUs1 8peMeHU yoepxusaHUsi U crieKmparsbHbIX OMHOWeHUU MnosyYeH-
HbIX nuKos ¢ «ba3oli daHHbIX» rpubopa 6110 Moka3aHo Mpucymcmeue 8 cocmase mpasb! MeUCChI
JlekapcmeeHHOU JUHanoosa, po3MapuHO8oU U X/10p02eHO80U KUC/IOM, WUWEK XMers 0ObIKHOBEH-
HO20 — K8epuemuHa u MupueHa, coysemuti nasaHObl y3Konucmou — fiuHanoona, Mmeda Hamyparib-
HO20 MopowKoobpasHO20 — /TUHanoona u MupyeHa. dkcriepuMmeHmarsibHble 0aHHbIE OIMHOCUMETbHO
PoOUeHMHo20 codepxkaHusi buoIo2UYECKU aKmUBHbIX sewecms 8 anugumornpenapame «Anuceds
XOpOoWwo Koppernupyom ¢ cocmagom pa3pabomaHHO20 npenapama u sumepamypHbIMU OaHHbIMU
OMHOCUMErbLHO XUMUYECKO20 cocmasa ucciedyeMoz0 J1eKapCmeeHHO020 pacmumeribHo20 ChipbS.
lpednoxeHHass Memoduka 0aem 803MOXHOCMb He3asucUuMo om criocoba rosly4YeHuUs U npouUCXoX-
O0eHus JlekapCmeeHHO20 pacmumeribHO20 ChIpbs posecmu cmaHO0apmu3ayur cocmasa paspabo-
maHHO&20 ripenapama — Karcyn «Anuceody.
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The electrochemical behaviour of potassium hydrogenperoxomonosulfate (KHSO,) in the presence
of sodium dodecylbenzenesulfonate (SDBS) has been studied using cathodic voltammetry at the
carbositall electrode as indicating in the potential range of +1.0...—1.2 V (the reference electrode Ag,
AgCl/KCl(sat)) (E, = +0.3 V). It has been experimentally proven that the height of KHSO, reduction
peak decreases and the potential of the reduction peak is shifted toward more electronegative values
with increasing of the background electrolyte pH from 0.80 to 7.17. The maximum peak (I,) occurs at
a pH of approximately 0.8 and at a pH around 5 the analytical signal almost disappears. The effect of
pH on the peak potential (E,) shows the following: when the pH value increases in the interval from
0.8 to 2, E, remains almost constant, but E, decreases sharply to the negative value with pH increas-
ing over 2. It has been experimentally proven that SDBS leads to increase of the current peak and
the peak potential shifts to the more electropositive side (+0.25— +0.3V). The influence of the present
SDBS has been examined. The current peak increases with the concentration of the surfactant up
to 1.2x10-3 mol L= and then stays almost constant with the increase in the concentration of SDBS
above 3.0x10-% mol L-'. The linear relationship was observed in the KHSO, concentration range of
(1.8-9.0)x10°° mol L', the calibration curve equation was I,= (4.3+1.1)x10%c (r = 0.998). When de-
termining KHSO; in the test solution of “Ecocid S” disinfectant with the concentrations of 4.65x10°,
6.20x10°% and 7.75x10°° mol L") the RSDs were 0.025, 0.023 and 0.021, respectively (6 =—0.64 ...
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+0.16%); LOD = 6.50x10°mol L=, LOQ = 2.17x10° mol L.

Potassium hydrogenperoxomonosulfate (KHSO,) is
one of the most widely used disinfectants in medical
practice, among well-known classes of chemical disin-
fectants — oxidants. It is included in the new generation
of modern disinfection agents in the form of a stable
triple potassium salt 2KHSO,-KHSO,-K,SO,, such as
“Perform” and modified analogue of “Virkon” — “Eco-
cid S” (KRKA, Slovenia, Novo mesto).

“Ecocid S” is a complex disinfectant in the form
of a granulated water-soluble powder, which contains
KHSO; (50%) and such excipients as a surfactant —
sodium dodecylbenzenesulfonate (SDBS to 15%), or-
ganic acids (malic and sulfamic acids), inorganic buf-
fer systems (sodium polyphosphate, sodium chloride),
an indicator of activity — azo dye and flavour with a
citron odour. It is characterized by the broad-spectrum
antimicrobial activity to bacteria, viruses, fungi, as well
as to Mycobacterium tuberculosis [2, 4, 7-9]. It does
not have the sensitizing and local irritative effect to the
skin and is slightly irritating to the mucous membranes
in regulated concentrations (0.5-4% by the active sub-
stance). Working solutions remain active for 7 days. It
does not have the corrosive action and the negative im-
pact on the surface treated. It is applied for preventive
and forced disinfection. SDBD acts as a surfactant, thus
providing a contact with the pathogen oxidant; reacts
with membrane lipids and proteins causing denaturation
of the cell membranes.

Determination (mass fraction) of active oxygen (in
terms of active chlorine) in the product is carried out by
iodometric titration [15].

Scientific literature describes quantitative determi-
nation of KHSOj in “Virkon” disinfectant by the meth-
od of pH-potentiometric titration with the standard so-
lution of tin (II) chloride in the presence of potassium
bromide using a point platinum and glass electrode [5].

Extensive literature survey reveals that various elec-
trochemical methods have been reported for determina-
tion of electrochemically active compounds of various
classes, including hydrogen peroxide and inorganic per-
oxides analysis [11, 13, 14, 20, 21]. Among them the
method of voltammetry with the linear potential scan
using a drop mercury electrode or its other modifica-
tions and solid platinum or gold electrodes is most com-
monly used. These electrodes are characterized by satis-
factory reproducibility of research results and simple
methods for their preparation. However, mercury is a
toxic substance and other metals are rather expensive.
It is also known that oxygen chemosorbs on Au, as well
as on Pt, and forms oxide films. Adsorbed oxygen is in-
volved in the anodic process, and Au oxides inhibit pro-
cesses of the analyte electrooxidation. Thus, the elec-
trodes based on cheap carbon materials such as carbon
glass, carbon paste, carbositall are widely used [6, 12,
19]. They are characterized by high overpotential (low
adsorption capacity in relation to O, and H, in the poten-
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tial work area) of hydrogen and/or oxygen (the ability
to track multiple regeneration to obtain reproducible sur-
face). In addition, these electrodes offer the ability to
perform such analytical determinations, which mercury
or other electrodes are not always possible to do. It has
been very popular because of its excellent electrical and
mechanical properties, a wide potential range, extreme
chemical inertness and relatively reproducible perfor-
mance [10, 16, 17].

It has been previously proven that SDBS leads to
increase of the KHSO, reduction peak at the carbositall
electrode and the addition method was used for KHSO;
determination in “Ecocid S” disinfectant, which contains
SDBS surfactant [3].

In the present work the results of elaboration of the
quantitative determination method for KHSO; in the pre-
sence of SDBS by cathodic voltammetry at the carbosi-
tall electrode using the method of the calibration graph
are presented.

Experimental Part

The solution of KHSO; (“Oxone®”, ACROS ORGA-
NICS) was freshly prepared and standardized iodometri-
cally. The stock solution was prepared by dissolving 0.1537 g
of the powder (triple potassium salt, 2KHSO; KHSO, K,SO,)
in a 50 mL volumetric flask by double distilled water
to give the concentration of 9x102 mol L', 10 mL of
9x102 mol L' solution of KHSO, was diluted in a 100 mL
volumetric flask with double distilled water to obtain
9x107 mol L' of KHSOjsolution.

The solution of SDBS was prepared by dissolving
6.96 g of the powder in a 100 mL volumetric flask by dou-
ble distilled water to give the concentration of 0.2 mol L.

The background solution was prepared by dissolv-
ing 68.1 g of potassium hydrogensulfate (KHSO,) in a
500 mL volumetric flask by double distilled water to
give the concentration of 1 mol L.

The pH was measured using an ionmeter of [-160M
type (Belarus) with a glass electrode of ESL-43-07 type
paired with Ag, AgCI/KCI (sat) electrode.

Electrochemical measurements were carried out in
an AVS-1.1 analyzer (Volta, St. Petersburg) with a three-
electrode scheme by alternating the current mode with
a square wave modulation in the potential range of
+1.0...—1.2 V, W = 1000 rpm, the amplitude of 40 mV,
v = 65 Hz. The values of potential peaks directly at the
maximum were measured by the electrochemical sen-
sor “Module EM-04" with the accuracy of +5 mV. The
carbositall electrode was used as a working and an auxi-
liary electrode, and Ag,AgCl/KCl(sat) electrode type
EVL-1M4 as a reference electrode.

The scheme of the reduction process is as follows:

HSO; +2e+2H" — HSO, + H,0

Results and Discussion

The effect of the nature and pH of the background
solution

It has been experimentally proven that the height of
KHSO; reduction peak at the carbositall electrode sur-
face decreases, and the potential of the reduction peak
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Fig. 1. The effect of the SDBS surfactant concentration on KHSO,
reduction peak at the carbositall electrode (the reference electrode
Ag,AgCI/KCl(sat)); ¢ (KHSO;) = 5.4x10-° mol L™'; E, = +0.3 V.

is shifted toward more electronegative values with in-
creasing of the background electrolyte pH from 0.80
to 7.17. The maximum peak (/,) occurs at the pH of
approximately 0.8, and at the pH around 5 the analyti-
cal signal almost disappears. The effect of pH on the
peak potential (£,) shows the following: when the pH
value increases in the interval from 0.8 to 2, £, remains
almost constant, but £ decreases sharply to a negative
value with pH increasing over 2. That is why the opti-
mum pH for analysis is <2 [3].

The effect of a surfactant

It has been experimentally proven that SDBS leads
to increase of the current peak and the peak potential shifts
to more electropositive side (+0.25 — +0.3V) (Fig. 1).

The current increases probably due to alleviation of
desorption of reduction products from the electrode sur-
face, and acceleration of the electron transfer in the course
of electrochemical reactions is caused by the ability of
SDBS to adsorb on the hydrophobic surface of the elec-
trode and to form a surface film that changes the over-
pressure [1, 19, 23].

The influence of the present SDBS was examined.
The current peak increases with the concentration of the
surfactant up to 1.2x107° mol L™ and then stays almost
constant with the increase in the concentration of SDBS
above 3.0x107 mol L™ (Fig. 1). That is why the optimum
SDBS concentration for analysis is >3.0x107 mol L.

It is known that Ecocid S disinfectant contains SDBS
in the amount of 15% of the total content, i.e. in 0.5%
of the working solution the concentration of SDBS is
about 7.5x10*mol L. So, it was decided to use the
method of the calibration graph to quantify the concentra-
tion of KHSO; in “Ecocid S” in the presence of SDBS
excess (4.0x107 mol L™).

The procedure of obtaining results for the calibra-
tion graph

Working solutions were prepared by diluting 1.00,
2.00, 3.00, 4.00 and 5.00 mL of the stock solution with
10 mL of 1 mol L™ background solution and 1 mL of
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Table 1 5 -
Analytical characteristics of the calibration graph Ip, UA
of the KHSO, voltammetric determination procedure 4t I,=(4.3:1.1)x10°c
in the presence of SDBS r=0.998 9
Parameters Value 3 r
Concentration ranges (mol L") (1.8-9.0)x10
Regression equation l,=(4.3+1.1)x10% 2+
a 4.3x10*
b 0.04
S, 2.6x10° Tr
S, 0.09
Aa 1.1x10*
Ab 0.41 0 2 4 6 8 10
Correlation coefficient (r) 0.998 ¢, 10° mol L
LOD (mol L) 6.50x10° Fig. 2. The calibration graph of the reduction current peak
LOQ (mol L) 2.17x10°5 of KHSOj, vs. concentration in the presence of SDBS
(c = 4.0x10° mol L1); £, = +0.3 V.
Table 2
The results of voltammetric determination of potassium hydrogenperoxomonosulfate in “Ecocid S”
(n=5;P=0.95%)

Taken, mol L™ Found, mol L™’ Reproducibility (%+SD) RSD, % £ (%) &% (%)
4.65x107 (4.63£0.14)x107 99.57+2.49 0.025 3.1 -0.43
6.20x107° (6.21£0.13)x107 100.22+3.01 0.023 3.0 +0.16
7.75x107° (7.70£0.20)x107 99.64+2.32 0.021 2.55 -0.64

* Relative to the average reference method of iodometric titration [15].

0.2 mol L' SDBD each in a 50 mL volumetric flask by
double distilled water. 25 mL of the working solution of
a pure substance was transferred to the cell. The voltam-
mograms were recorded by scanning the potential toward
the negative direction in the potential range from +1.0 V
to —1.2V. All data were obtained at room temperature.

The graph was plotted in the following coordinates:
the height of peaks /, in pA at 0.3 V on the ordinate
axis and the corresponding concentration of KHSO;, ¢
in mol L' on the abscissa axis (Fig. 2).

Analytical characteristics of the calibration graph of
the KHSO; voltammetric determination procedure are
given in Tab. 1.

The procedure for quantitative determination of KHSO,
in “Ecocid S

The test solution was prepared by dissolving 0.5 g of
the powder in a 100 mL volumetric flask by double dis-
tilled water to give the concentration of 7.75x107 mol L.
10 mL of 7.75x10 mol L' KHSO, was diluted in a
100 mL volumetric flask with double distilled water to
obtain 7.75%10* mol L' of KHSOj solution.

Working solutions were prepared by diluting 3.00,
4.00 and 5.00 mL of the stock solution with 10 mL of
1 mol L' background solution and 1 mL of 0.2 mol L!
SDBD each in a 50 mL volumetric flask by double dis-
tilled water. 25 mL of the working solution of a pure
substance was transferred to the cell. The voltammo-

grams were recorded by scanning the potential toward
the negative direction in the potential range from +1.0 V
to —1.2V.
The KHSO, content C,_, mol L' was calculated by:
I,-b

X

a

The high sensitivity of this method is accompanied
by a very good reproducibility. The reproducibility was
evaluated by 5 repeated electrochemical signal mea-
surements of model solutions with the concentrations
of KHSO, of 3.6x10°%, 4.5x10°° and 5.4x10° mol L.
The precision of the method developed in terms of the
relative standard deviation (RSD) was 0.025, 0.023 and
0.021 (6 = —0.64...+0.16 %), respectively. The results
obtained are summarized in Tab. 2.

CONCLUSIONS

Thus, a new voltammetric method of PMS determina-
tion in the presence of SDBS at the carbositall electrode
using the method of the calibration graph has been de-
veloped and the possibility of its quantitative determi-
nation has been shown.

The linear dependence is observed in the PMS con-
centration range (1.8-9.0)x10-° mol L', the calibration
curve equation is /, = (4.3+1,1)x10% (r = 0.998); RSD =
0.025...0.021 and 6 =-0.64...4+0.16% (n=5; P=0,95%),
LOD =6.50x10°*mol L', LOQ =2.17%10°mol L.
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KINbKICHE BU3SHAYEHHA rNAPOrEHNEPOKCOMOHOCYIIb®ATY KANIIO .

Y OE3IH®EKLIMHOMY 3ACOBI «kEKOLMA C» METOOOM BOJILTAMIMEPOMETPII
M.€.Bnaxeeacbkull, O.0.Mo320ea

Knroyoei crnoea: kanito 2idpoeeHnepoKCoOMOHOCYnbham, 80/ibmamMnepoMempis; gyanecumanosull
enekmpo0; NaZl6C; desiHgpekyiliHul 3acib

Memodom kamoOHoI soribmamrepomempii 3 BUKOpUCMaHHSM 51K IHOUKamopHO20 8yariecumarnogozo
enekmpoda 8UBHEHO efleKmpOoXiMidHy Moe8eldiHKY Karnito eidpozeHnepokcomMmoHocynbghamy (KHSO,) y
rpuUCymMHoCcmi rno8epxHe8o-akmueHoi pedyosuHuU Hampito dodeyunbeHseHcynbgoHamy (NabC) Ha
¢oHi 0,2 mons/n po3quHy KHSO, 8 inmepeari nomerujarnie E= +1,0...—1,2 B (8i0H. Hac. XCE) (E,=+0,3 B).
Byno ecmaHoeneHo, wo 3i 3binbweHHsam pH cepedosuwya poHosoz0 enekmposimy g6id 0,80 do 7,17
gucoma niky eioHoeneHHs1 KHSO, sameHwyembcs, a nomeHruian niky 8i0HO8MeHHs 3cysaembcs y bik
6inbw enekmpoHe2amu8HUX 3Ha4eHb, rnpudomy npu pH 6ins 5 aHanimu4yHul cugHan npakmu4yHo
3HuKae. MakcumarnbHul niik () cnocmepieascs npu pH 0,8-2, a makox 3a yux ymMos rnomeHujarsn
MiKy npakmu4YHoO He 3MiHI08ascs. EkcriepumeHmaribHO ecmaHoenieHo, wo NaJ6C, komput exodumpb
0o cknady sunpobosysaHoz20 3acoby, npu3eodums 00 36ifIbWEHHS CUIu cmpymy y MakcuMymi riky
ma 3cysae nnomeHujian niky y 6inbw enekmponodumugHul 6ik (+0,25—+0,3 B). Bug4yeHHs1 8riiugy KoH-
ueHmpauii NaJ6C Ha sucomy riiky gidHosneHHs KHSO, noka3saro, wo rpu 3pocmaHHi KoHuyeHmpauir
NaBC do 1,2-10-3 monk/n sucoma niky cmpimMko 3pocmae, a npu 0ocsigHeHHi 3,0-10-3 mornb/n 3anu-
waembCcs npakmu4YHo HeaMiHHo. JliHitiHa 3anexHicmb criocmepieanacs y Oiana3oHi KOHUeHmpau,it
KHSO; (1,8-9,0)-10° monb/n, pieHsIHHS 2padytosanbHoz0 epapika: |, = (4,3+1,1)-10% (r = 0,998).
lpu susHa4eHHi KHSO, y posyuHax desiHgbekuitiHo2o 3acoby «Exoyud C» 3 KoHueHmpauisamu 4,65-10-°,
6,20-10°i 7,75-10°° mon/n RSD dopisHrosario 0,025, 0,023 ma 0,021, gidnosioHo (6 =—0,64...+0,16%);
LOD = 6,50-10"°monb/n, LOQ = 2,17-10-° mornb/n.
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KONMWYECTBEHHOE ONPEQOENEHUE TMOPOEHNEPOKCOMOHOCYIIb®ATA KANMUA

B AESUH®EKLIMOHHOM CPEOCTBE «3KOoUug C» METOOOM BOJIbTAMIMEPOMETPUN
H.E.Bnaxeesckull, E.A.Mo3208as

Knroyeenie cnoega: 2udpo2eHnepoKCOMOHOCYMbgham Karusi; 80/1bmamMnepoMempusi;
yenecumarosbiti enekmpod; NaJ6C; de3uHgbuyupyrouiee cpedcmeo

Memodom kamoOdHoU 8oribmamnepoMempuu C UCMOoMb308aHUEM KaK UHOUKamOpPHO20 yanecumarsio-
8020 3reKmpoda U3y4eHO 3MIeKMPOXUMUYECKOe nosedeHUe 2UOPO2EeHNePOKCOMOHOCYIbhama Karus
(KHSO;) 8 npucymcmeuu nogepxHOCMHO-aKmugHo20 seujecmea 000elurbeH3eHcynbhoHama Ha-
mpus (NaBC) Ha ¢poHe 0,2 morb/n pacmeopa KHSO, 8 uHmepsane nomexyuanos E=+1,0...-1,2 B
(omH. Hac. XCE) (E, = +0,3 B). bbinio ycmaHoeneHo, 4ymo rnpu ygenudyeHuu pH cpedbl poHO8020
asnekmponuma om 0,80 0o 7,17 ebicoma ruka eoccmarosneHuss KHSO, ymeHbwaemcs, a mnomeH-
yuar rnuka eoccmaHosrneHusi cogueaemcsi 8 CImMopoHy 6oriee 351eKmpoompuyamerbHbIX 3Had4eHud,
npuyem npu pH okoro 5 aHanumuyeckul cueHarn npakmuyecku ucyedaem. MakcumarnbHbil nuk (1)
Habnodancs ripu pH 0,8-2, a makxe 8 amux ycrosusix nomeHyuas nuka npakmu4yecku He U3MeHS-
emcs. QkenepumeHmarnbHo ycmaHosneHo, Ymo Na/Jb6C, komopbili exo0um 8 cocmae uccriedyemozo
cpedcmea, npusoduUM K y8erluU4eHUro CUslbl moKa 8 MakcuMymMe nuka u cosuzaem rnomeHyuars nuka
8 bosiee aniekmporonoxumernbHyto cmopoHy (+0,25—+0,3 B). M3yyeHue enusiHus KOHUeHmpauuu
Na[l6C Ha ebicomy nuka eoccmaHosneHuss KHSO, noka3asno, 4mo npu ysenudeHUU KoOHUeHmpa-
yuu NaJbC do 1,2:10°% monb/n 8bicoma nuka cmpemMumerbHO ygesiudyueaemcs, a rnpu 0ocmuxe-
Huu 3,0-10°% monb/n ocmaemcs npakmu4Yyecku HeuameHHoU. JluHeliHas 3asucumocmes Habrodanack
8 QuanasoHe KoHueHmpauyult KHSO; (1,8-9,0)-10° monb/n, ypasHeHue 2padyupo8oyHo20 epadchu-
ka: |, = (4,3+1,1)-10*c (r = 0,998). lNpu onpedeneHuu KHSO, 8 pacmeopax 0e3uHpuyupyowezo
cpedcmea «3koyud Cx» ¢ kKoHUueHmpauusmu 4,65-10°%, 6,20-10°u 7,75-107° morns/n omHocumerns-
Hoe cmaHdapmHoe omkroHeHue (RSD) cocmaesuno 0,025, 0,023 u 0,021 coomeemcmeeHHO (0 =
—0,64...+0,16 %); LOD = 6,50-10-° mons/n, LOQ = 2,17-10-° monb/n.
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DETERMINATION OF VALIDATION CHARACTERISTICS
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With the purpose of improvement of carrying out the quantitative determinations in forensic and
toxicological analysis the possibility of application of the method of standard for UV-spectrophotometric
determination of analytes in biological fluids has been studied. The procedure for determination and
acceptability estimation of linearity, accuracy and precision for validation of such methods in the variant
of the method of standard tested by the example of UV-spectrophotometric method of doxylamine
quantitative determination in blood has been offered. The given procedure provides application of the
normalized coordinates. For normalization of the experimental data obtained two approaches have
been used: 1) Approach 1: the use of the reference solution with the concentration of the analyte cor-
responding to its concentration in the final spectrophotometric solution measured under the condition
of zero losses for the point of 100% in the normalized coordinates. 2) Approach 2: the use of the
reference sample with the concentration of doxylamine corresponding to its concentration for the
point of 100% in the normalized coordinates. Estimation of linearity, accuracy and repeatability of the
method at the first stage has been performed using the model solutions within the approach based
on assumption of insignificance of the uncertainty of the analyte quantitative determination in model
solutions A"Z “ in comparison with the complete uncertainty of the analysis results A .. At the second
stage determination of linearity, accuracy, repeatability and intermediate precision of the method has
been carried out on the model samples prepared using the matrix for three parallel runs. It has
been shown that the method of standard can be applied for UV-spectrophotometric determination of
doxylamine in blood — Approach 1 is more acceptable.

Currently there is a number of international regula-
tions given directive recommendations on carrying out
the validation of bioanalytical methods — “Guidance for
Industry: Bioanalytical method validation” (U.S. FDA,
2001) [5], “Guideline on validation of bioanalytical me-
thods” (EMA, 2011) [7], “Guidance for the Validation
of Analytical Methodology and Calibration of Equip-
ment used for Testing of Illicit Drugs in Seized Materi-
als and Biological Specimens” (UNODC, 2009) [6] and
“Standard Practices for Method Validation in Forensic
Toxicology” (SWGTOX, 2012) [8].

The papers mentioned are oriented to development
of methods for quantitative determination of analytes
in biological fluids in the variant of the method of the
calibration curve. The method of the calibration curve,
undoubtedly, allows to take into account and partially
level the influence of the matrix background absorption
on the results of determination, but proves its value only
in the case of performing routine analyses. In forensic
and toxicological analysis we often meet with one-time
examinations, and various biological fluids, organs and
tissues are sent for the examinations, i.e. it is necessary
to determine the analyte quantitatively in several vari-
ous biological objects, but the necessity of carrying out
such determinations can arise rarely enough. In such
situation plotting the calibration curve for each matrix

demands rather nonrational time consumption, and to
the moment of obtaining the results of analysis they can
become irrelevant.

Thus, it is of interest to study the possibility of us-
ing the method of standard when carrying out UV-spec-
trophotometric determination of analytes in biological
fluids; in this connection the procedure for determina-
tion and acceptability estimation of linearity, accuracy
and precision for validation of such methods in the vari-
ant of the method of standard [3] developed according
to [1] has been offered. The results of testing of the ap-
proaches offered by the example of the UV-spectropho-
tometric method of doxylamine quantitative determina-
tion in blood are given in this paper [2].

Materials and Methods

The process solutions: place 1000.0 mg of doxylamine
succinate in a 250.0 ml volumetric flask, dissolve in distilled
water and dilute to the volume with the same solvent
(standard solution 1, the concentration is 4000 mcg/ml).
In seven 100.0 ml volumetric flasks place 32.50; 30.00;
25.00;20.00; 15.00; 10.00; 5.00 and 18.00 ml of doxyl-
amine succinate standard solution 1, respectively, using
a burette and dilute to the volume with distilled water
(process solutions 1, 2, 3, 4, 5, 6, 7 and 8§, respectively,
with the concentrations of 1300, 1200, 1000, 800, 600,
400, 200 and 720 mcg/ml, respectively).
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Table 1

Metrological characteristics of calibration straight lines Y = b-X + a obtained using model solutions
of doxylamine succinate

Analytical range Characteristic
of the method pmodel I:nodel qmodel P ;nodel RS D(;nodel R cmodel
D=25-125% (g=>5) 1.005 0.011 -0.407 1.022 0.974 0.9998
1) gmodel < 2,353 - s/ satisfied <272% | =0.9976
Acceptability criterion - - if it is not satisfied 1), then . - . .
2) < 2.73% satisfied satisfied | satisfied
D=25-150% (g =6) 1.011 0.008 -0.805 0.874 0.939 0.99987
1) gl < 2,132 - 1 satisfied <3.00% | >0.9979
Acceptability criterion - - if it is not satisfied 1), then ) - ) )
2) < 2.73% satisfied satisfled | satisfied
D=25-175%(g=7) 0.995 0.012 0.321 1.498 1.724 0.9996
1) @™ < 2.015 - s:”‘""'l satisfied <3.18% | =0.9983
Acceptability criterion - - if it is not satisfied 1), then . - . .
2) < 2.73% satisfied satisfled | satisfied

The model solutions: place 100.0 mg of doxylamine
succinate in a 500.0 ml volumetric flask, dissolve in
0.1 mole/l of hydrochloric acid solution and dilute to the
volume with the same solvent (standard solution 2, the
concentration is 200 mcg/ml). In seven 100.0 ml volu-
metric flasks place 26.00; 24.00; 20.00; 16.00; 12.00;
8.00 and 4.00 ml of the doxylamine succinate standard
solution 2, respectively, using a burette and dilute to the
volume with 0.1 mole/l of hydrochloric acid solution
(model solutions 1, 2, 3, 4, 5, 6 and 7, respectively, with
the concentrations of 52, 48, 40, 32, 24, 16 and 8 mcg/ml,
respectively).

The reference solution: place 400.0 mg of doxylami-
ne succinate in a 100.0 ml volumetric flask, dissolve in
the 0.1 mole/l of hydrochloric acid solution and dilute to
the volume with the same solvent (standard solution 3,
the concentration is 4000 mcg/ml). In a 100.0 ml volu-
metric flask place 18.00 ml of doxylamine succinate stan-
dard solution 3 using a burette and dilute to the volume
with 0.1 mole/l of hydrochloric acid solution (standard
solution 4, the concentration is 720 mcg/ml). In a 50.0 ml
volumetric flask place 2.00 ml of doxylamine succinate
standard solution 4 and dilute to the volume with 0.1 mole/l
of hydrochloric acid solution (the reference solution,
the concentration is 28.8 mcg/ml).

The model samples: 3 lines in 7 samples (20.00 ml)
of the model blood (matrix) obtained from three diffe-
rent sources spiked with 1.00 ml of the process solu-
tions 1-7, respectively.

The reference sample: a sample (20.00 ml) of the
model blood spiked with 1.00 ml of the process solu-
tions 8.

The solutions to be analysed: the solutions obtained
by the validated method [2] for the model and reference
samples.

The absorbance of the solutions to be analysed, model
solutions and the reference solution was measured 3 ti-
mes with taking out the cell at the wavelength of 262 nm
by a SF-46 spectrophotometer in the cell with the layer

thickness of 10 mm. As a compensation solution 0.1 mole/l
hydrochloric acid solution was used.

Results and Discussion

Determination of validation characteristics of the
UV-spectrophotometric method of doxylamine quanti-
tative determination in blood was carried out according
to the following procedure [3]:

1) the use of the normalized coordinates:

x, =S 100%, Y:%-lOO%, 7, =20 100%;

i

st st i
1
A=A, —A M

for normalization of the experimental data obtained two

approaches were used:

* Approach 1: the use of the reference solution with
the concentration of doxylamine (C,,,,,..) correspond-

ing to its concentration in the final spectrophotomet-

ric solution measured under the condition of zero

losses for the point of 100% in the normalized co-

ordinates:

Ci = C.vample ’ sample blank >

‘R

C C A Arqfem’m‘@ . 2
- 77100 @

st reference °

*  Approach 2: the use of the reference sample with
the concentration of doxylamine (C,,nce sampie) COT-
responding to its concentration for the point of 100%
in the normalized coordinates:

C,=C,

reference sample?

Ast = Arc{férence sample Ahlank; (3)

2) the application range is 25 — 125%, 25 — 150%,
25 — 175%; the mean lethal doxylamine concentration in
blood [4] — 25 mg/1 (that corresponds to 36 mg/1 of doxyl-
amine succinate) was accepted as 100%; the number of
concentration levels is g= 5, 6 or 7 (depending on the ap-
plication range chosen) in constant increments of 25%;

3) estimation of linearity, accuracy and repeatabili-
ty of the method at the first stage was performed using
the model solutions within the approach based on assump-
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Table 2
Results of accuracy and repeatability determination for the UV-spectrophotometric method
of doxylamine succinate quantitative determination by model solutions
Concentration of doxylamine succinate Found in % 7 model _
in the model solution Absorbance to standard ymodel
(€, =28.8 meg/ml) (4,=0.801) absorbance =—L—.100%
Cimodel’ mcg/ml XimadeI, % Yl_m"dd, % Xi
8.00 27.78 0.226 28.21 101.55
16.00 55.56 0.444 5543 99.77
24.00 83.33 0.657 82.02 98.43
32.00 111.11 0.890 111.11 100.00
40.00 138.89 1.121 139.95 100.76
48.00 166.67 1.348 168.29 100.97
52.00 180.56 1.421 177.40 98.25
D=25-175% D=25-150% D=25-125%
_ 9=7 g=6) (g=5)
Zml % 99.96 100.25 100.10
RSD?** % 1.26 1.10 1.17
2.45 2.22 249
A" Y% = AP = RSD;*™" - 1(95%, g —1) < 6.40%
0T 7 105%, g 1) ’ satisfied satisfied satisfied
amude[ _ ‘loo_zmodg[ <2.05% 0.04 0.25 0.10
satisfied satisfied satisfied
Table 3

Metrological characteristics of calibration straight lines Y = b-X + a for the UV-spectrophotometric method
of doxylamine quantitative determination in blood without preliminary TLC-purification

Approach 1 Approach 2
Characteristic 25-125% 25 -150% 25-175% 25-125% 25 -150% 25-175%
(g=5) (g=6) (g=7) (g=5) (g=6) (g=7)
15t day 0.975 1.009 0.993 1.007 1.042 1,026
b 2" day 0.991 1.023 1.007 1.024 1.056 1.041
39 day 0.987 1.021 1.005 1.019 1.055 1.038
mean 0.985 1.017 1.002 1.017 1.051 1.035
1t day 0.038 0.032 0.026 0.039 0.033 0.027
s 2" day 0.040 0.032 0.026 0.041 0.033 0.027
b 3¢ day 0.045 0.036 0.028 0.047 0.037 0.029
mean 0.041 0.033 0.026 0.042 0.034 0.027
1t day 4.956 2.729 3.825 5.127 2.822 3.954
a 2" day -0.243 -2.266 -1.193 -0.256 —-2.345 -1.234
39day 1.657 -0.560 0.534 1.709 -0.582 0.548
mean 2.080 -0.042 1.028 2.152 -0.039 1.064
- as<t(95%,g-2)-s,
Aczsf;zgwty if it is not satisfied 1), then 2) < 8.53%
satisfied satisfied satisfied satisfied satisfied satisfied
1t day 3.512 3.449 3.149 3.622 3.561 3.251
s 2" day 3.685 3.439 3.130 3.813 3.556 3.237
a 39 day 4.159 3.845 3.453 4.296 3.972 3.567
mean 3.766 3.544 3.210 3.895 3.664 3.316
15t day 3.349 3.705 3.624 3.453 3.826 3.742
RSD 2" day 3.514 3.694 3.602 3.636 3.819 3.725
0 3¢day 3.966 4,131 3.974 4,096 4.267 4,105
mean 3.591 3.807 3.694 3.714 3.935 3.817
Acceptability < 8,50% <9.38% <9.93% < 8.50% <9.38% <9.93%
criterion satisfied satisfied satisfied satisfied satisfied satisfied
15t day 0.9977 0.9980 0.9983 0.9977 0.9980 0.9983
R 2" day 0.9976 0.9981 0.9984 0.9976 0.9981 0.9984
¢ 3¢ day 0.9969 0.9976 0.9980 0.9969 0.9976 0.9980
mean 0.9974 0.9979 0.9983 0.9974 0.9979 0.9983
Acceptability > 0.9766 >0.9797 >0.9830 > 0.9766 >0.9797 >0.9830
criterion satisfied satisfied satisfied satisfied satisfied satisfied
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Table 5
Results of intermediate precision determination of the UV-spectrophotometric method of doxylamine
quantitative determination in blood without preliminary TLC-purification
Approach 1 Approach 2
Characteristic 25-125% | 25-150% | 25-175% | 25-125% | 25-150% | 25-175%
(g=5) (g=6) g=7) (g=5) (g=6) (g=7)
Zinra_ %, 101.14 101.54 101.23 104.48 104.90 104.58
RSDJ"™ % 4.51 4.25 4.03 4.67 4.39 417
. i 7.94 7.39 6.95 8.23 7.64 7.19
A % = 1(95%, 3g —1)- RSDI™ < 20%
satisfied satisfied satisfied satisfied satisfied satisfied

tion of insignificance of the uncertainty of the analyte
quantitative determination in model solutions A" in

comparlson with the complete uncertainty of the analy-
sis results A, , according to the acceptability crlterla cal-
culated for the residual standard deviation RSD]"" , ab-
solute term @ and correlation coefficient R:”"de’ for the
variants of the method application range offered, as
well as to the requlrements to accuracy and repeatabili-

ty (8™l <2.05% and A’"” “ <. 40%);

4) at the second stage determlnatlon of linearity, ac-
curacy, repeatability and intermediate precision of the
method was performed on the model samples prepared
using the matrix for three parallel runs; within each run
the values of the linearity parameters, values ¢ and A,
were determined and compared with the calculated criti-
cal values — maxRSD,, maxa, minR_, maxd and maxA;

for verification of intermediate precision the pooled
mean value Z"", the pooled relative standard deviation
RSD)"™ % and the relative confidence interval A2 %
were calculated for three runs obtained; the Value
A”" % should not exceed the extreme uncertainty of
analys1s maxA ,:

A7 =1(95%,3g —1)- RSD)"™ <maxA ,. (4

The results of linearity, accuracy and repeatability
determination of the UV-spectrophotometric method of

doxylamine quantitative determination using the model
solutions are given in Tab. 1 and 2.

The results of linearity, accuracy, repeatability and
intermediate precision determination of the UV-spectro-
photometric method of doxylamine quantitative deter-
mination using the model samples are given in Tab. 3,
4 and 5.

The data from Tab. 1-5 are the evidence that the
method of standard can be applied for UV-spectropho-
tometric determination of doxylamine in blood; thus,
the requirements offered to the validation parameters
are completely performed only in the case of using Ap-
proach 1.

CONCLUSIONS

The procedure of determination and acceptability
estimation of linearity, accuracy and precision offered
previously [3] for validation of UV-spectrophotomet-
ric methods of quantitative determination of analytes
in biological fluids used in forensic and toxicological
analysis in the variant of the method of standard has
been tested by the example of the UV-spectrophotomet-
ric method of doxylamine quantitative determination in
blood. It has been shown that Approach 1 based on the
use of the reference sample with the concentration of
doxylamine corresponding to its concentration for the
point of 100% in the normalized coordinates for nor-
malization of absorbance values is more acceptable.
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BU3HAYEHHSA BANIOALIMHUX XAPAKTEPUCTUK Y®-CNEKTPO®OTOMETPUYHOI
METOOUKU KINTbKICHOIO BUSHAYEHHA OOKCUNMAMIHY B KPOBI Y BAPIAHTI METOLlY
CTAHOAPTY

J1.I0.KnumeHko, C.M.Tpym, C.M.MosnysH

Knroyoei cnoea: sanidauisi; bioaHanimuy4Hi MemoOuku, Y®-criekmpoghomomempisi; QoKcuiamiH;
memo0d cmaHdapmy

3 memoro payioHanizauii npoeedeHHs KiflbKiCHUX 8U3Ha4YeHb 8 Cy0080-MOKCUKOIO2IYHOMY aHari3i
susYeHa MOXIugicmb 8UKOpUcmMaHHA Memody cmaHOapmy npu nposedeHHi Y®-crnekmpoghomo-
Mempu4yHO20 8U3Ha4YeHHs1 aHarimis y 6ionoeidHux piduHax. 3arnpornoHogaHoO fpoyedypy 8U3Ha4YEHHS
ma OuiHKU npuliHIMHocmi niHiiHocmi, npasunbHocmi ma rnpeyusitiHocmi 0ns eanidauil makux me-
modukK y eapiaHmi Memody cmaHOapmy, ujo anpobosaHo Ha rpukadi YP-crnekmpoghomomempuyHor
MemOoOUKU KillbKiCHO20 8U3Ha4YeHHs1 OOKcunamiHy 8 Kpoei. 3anpornoHogaHa rpouedypa rnepedbaqae
B8UKOPUCMAaHHST HopMasliso8aHUX KoopOuHam — O HopmMaridayii ompumMaHux ekcriepuMmeHmarbHUX
OaHux sukopucmaro 0s8a nioxodu. 1) 1idxid 1: sukopucmaHHs1 PO34YUHY MOPIBHSIHHS 3 KOHUeHmpauj-
€10 aHanimy, wo seidnosidae ioeo KOHUeHmMpauii 8 KiHUegoMy CriekmpoghomomMempo8aHoOMy PO3HUHI
3a ymMosu Hyrbosux empam 01 moyku 100% e HopmarnizoeaHux koopduHamax. 2) [1ioxi0 2: eukopuc-
maHHs1 3pasKa ropieHsIHHSI 3 KOHUEeHmpauieto aHanimy, wo eidrnoegidae tio2o KoHUeHmpauii 051t modYku
100% 6 HopmanizosaHux koopOuHamax. OUiHKY niHIGHOCMI, npasuibHOCMI i 36iXKHOCMi MemMoAUKU Ha
rnepwomy emari 8UKOHY8asu 3 BUKOPUCMaHHSIM MOOEIbHUX PO3YUHI8 y paMKax rmidxody, w0 rpyHmy-
€MbCS Ha NMPUNyWeHHIi He3Ha4yuw,ocmi Hegu3Ha4YeHOCMI KirlbKiCHO20 8U3Ha4YeHHs1 aHarimy 8 Mooeris-
HUX po34uHax A”jl‘i"el Yy MopigHsIHHI 3 MOBHOK He8U3HaYeHicmio pesynbmamie aHanisy A .. Ha dpyzomy
emani npoeodusiu 8U3HAYEHHS MIHIGHOCMI, NpasubHOCMI, 36XXHOCMI | 8HyMPIWHBLONIa6oPamopPHOI
npeyusitHocmi MemodOuKU Ha MOOErIbHUX 3pa3Kax, npuaomosaHux 3 BUKOPUCMaHHAM Mampuui, Ons
mpbox napanenbHUx rocrnidoeHocmel. lNokadaHo, wo 0n1s YO-criekmpoghomomMmempu4yHo20 8U3Ha-
YeHHs1 oKcunamiHy 8 Kposi MOXHa 3acmocogygamu mMemod cmaHOapmy — rpu ubomy binbw npu-
tUHssmHum € 1idxid 1.

ONPEAENEHUE BANTMOALMOHHBLIX XAPAKTEPUCTUK YO-CMEKTPOPOTOMETPUYECKOW
METOOUKWN KOJIMMECTBEHHOIO ONPEQENEHNA OOKCUINTAMUHA B KPOBU B BAPUAHTE
METOOA CTAHOAPTA

J1.I0.KnumeHko, C.H.Tpym, C.M.IMonysH

Knroyeesie cnoea: sanudauyusi; buoaHanumuyeckue Memooduku; YO-criekmpoghomomempusi;
dokcunamuH, Mmemod cmaHdapma

C uenbro payuoHanusayuu npoeedeHUs1 Kornu4yecmeeHHbIx onpederneHull 8 cy0ebHO-MOKCUKOIo2u-
YeCKOM aHasiu3e usy4eHa 803MOXHOCMb UCMOb308aHUs Memoda crmaHOapma rpu rnposedeHuu Y-
criekmpogomomempu4eckKo2o onpederneHuUss aHanumos 8 buornoaudeckux xudkocmsix. [NpednoxeHa
rpoyedypa ornpedernieHuUsi U OUEHKU rnpuemneMocmu JIUHelHoCMU, npasusibHoOCMuU U fnpeyu3uoHHO-
cmu 0ns sanudayuu makux MemoOuK 8 sapuaHme memoda cmaHdapma, Komopas anpobuposaHa
Ha npumepe YP-criekmpogomomempuyeckol MemoOUKU KOSIU4ecmeeHHo20 ornpedesieHuUsi OOKCU-
namuHa 8 kposu. lNpednoxeHHas npouedypa ripedrnonazaem UCMNO/1b308aHUE HOPMaU308aHHbIX
KoopOuHam — 05151 HopMarnu3ayuu rosy4YeHHbIX IKCrepuMeHmaribHbIX 0aHHbIX UCIMO/1b308aHbl 08a
nodxoda. 1) lNodxod 1: ucrnonb3o8aHue pacmeopa cpasHeHUs ¢ KOHUeHmpauuel aHanuma, coomeem-
cmeyrouwell e2o KOHUEeHmpauyuu 8 KOHEYHOM CrieKmpoghomomMempupyeMoM pacmeope fpu ycriosuu
Hyrneebix nomepb 0nsi moyku 100% 8 Hopmarnu3oeaHHbIX KoopOuHamax. 2) [1odxo0d 2: ucnonb3o8a-
Hue obpa3sua cpasHeHUs C KOHUeHmpauyuel aHanuma, coomeemcemayrouiel e2o KoHueHmpauuu 0rs
mouku 100% 6 HopmanusogaHHbIx kKoopOuHamax. OUueHKy TuHelHocmu, pagusibHOCMU U CXOOUMO-
cmu MemoOUKU Ha rep8oM amarie 8bIfOHS/IU C UCMOob308aHUEM MOOESIbHbLIX Pacmeopos 8 pamMmKax
rnodxoda, 0CHOBaHHO20 Ha MPeOdronoXeHUU He3Ha4YUMOCMU HeornpedeneHHOCMU KOIu4ecmeeHH0o20
onpederneHuUsi aHaauma 8 MoOesibHbIX pacmeopax A”Zd‘f’ 10 CPaBHEHUIo C rOJIHOU HeornpedesieHHO-
cmbio pe3ynbmamos aHanu3a A .. Ha emopom amarne npogodunu onpedeneHue nuHeuHocmu, rpa-
8USIbLHOCMU, CXO0UMOCMU U 8HympunabopamopHOU fpeyu3uoHHOCMU MeMOOUKU Ha MOOErbHbIX 0b-
pasyax, NpuaomoerieHHbIX C UCMOoMIb308aHUEM Mampuubl, O5isi mpex napasnnenbHbIX rnocraedosameris-
Hocmel. Noka3aHo, Ymo Onsi Y®-criekmpoghomomempuyeckoeao orpederieHusi O0OKcuamuHa 8 Kpo-
8U MOXHO npuMeHsmb Memo0d cmaHdapma — npu amom bonee npuemnembim sernsemcs [1odxod 1.
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volatile oil component composition

The article presents the data of the pharmacognostic study of the aerial part of black horehound (Ballota
nigra L.). The aim of the work is to determine the qualitative composition and the quantitative content
of the volatile components from vegetative and generative organs of black horehound. Leaves, flowers
and stems of black horehound were harvested at the flowering phase in the Kharkiv region. For the
first time volatile compounds of black horehound aerial parts have been investigated by GC/MS. The
component composition of volatile substances in horehound herb has been studied using an Agilent
Technologies 6890N chromatograph with a mass spectrometry detector 5973N. The components have
been identified according to mass spectra NIST 05 and WILEY 2007 libraries together with the programmes
for identifying AMDIS and NIST. In vegetative and generative organs of horehound 48 components
have been identified. Germacrene D (40.2 mg/kg), hexahydrofarnesylacetone (167.42 mg/kg), 2,6-tri-
methyl-4-methylene-2H-pyran (172.3 mg/kg), myristic (271 3 mg/kg), pentadecanoic (182.1 mg/kg),
palmitoleic (306.4 mg/kg) and palmitic (1620.6 mg/kg) acids prevail in vegetative organs. Farnesyl-
acetone (68.8 mg/kg), verbenone (35.7 mg/kg), myristic (187.5 mg/kg), palmitic acid (656.5 mg/kg)
and palmitoleic (196.9 mg/kg) acids are the major components in generative organs. Therefore, hexa-
hydrofarnesylacetone, palmitic and palmitoleic acids, and 2,6-trimethyl-4-methylene-2H-pyran are pre-
dominant components in the raw material studied.

Black horehound (Ballota nigra, Lamiaceae family)
is a perennial herb, widely spread in Russia, Ukraine, in
the countries of Western Europe, North Africa and the
Caucasus [2]. The plant is not officinal, but is used in
folk medicine as a sedative. In the aerial part of black
horehound such diterpenoids as marrubin, ballonigrin,
ballotinone, ballotenol, 7-acetoxymarrubin have been
studied. The glycoside forms of phenylpropanoids —
verbascoside, phorsitoside, arenarioside, ballotetroside,
allisonoside, lavandulifolioside, angoroside and the non-
glycoside forms — (+)-(E)-coffeyl-L-malic acid have
been found [3, 7, 9, 10]. Recent studies have determi-
ned that biologically active substances (BAS) of black
horehound possess nootropic, anti-oxidant, anti-arrhyth-
mic, anti-microbial and antihypoxia activities [2, 4-6,
8]. Therefore, expedience of the comprehensive study
of BAS of black horehound is an urgent question for
pharmacy.

Earlier studies have shown the presence of flavo-
noids, tannins, iridoids, essential oil, hydroxycinnamic
acid and phenol carboxylic acids in flowers (calyx, co-
rollas), stems and leaves of black horehound [1].

The aim of this work was to study the components of
essential oil of Ballota nigra by chromato-mass spect-
rometry.

The object of the study was samples of air-dried
herb: leaves, flowers and stems of black horehound har-
vested at the flowering stage in the summer of 2013 in
the neighbourhood of Kharkov.

Materials and Methods

The analysis of the essential oil of black horehound
leaves and flowers was performed using a chromato-
mass spectrometer Agilent Technology HP6890 GC with
a mass spectrometric detector 5973N.

A weighed portion of the crushed raw material (1.0 g)
was placed in a 20 ml “Agilent” vial, to which the in-
ternal standard (50 pg of tridecane) and 10 ml of water
were added. Volatile components of the sample were
steamed for 2 hours using a reflux condenser with air
cooling. Substances adsorbed on the inner surface of
the reflux after cooling of the system were washed into
a dry 10 ml vial by slow adding of 3 ml of ultrapure
pentane. The washes were concentrated by blowing
(100 ml/min) with ultrapure nitrogen until the residual
volume of the extract was 10 pl, then it was completely
withdrawn by a chromatographic syringe. The further
concentration of the sample to the volume of 2 ml was
carried out in the syringe. The injection of the sample
was performed in a splitless mode; it allowed to intro-
duce the sample without division loss and significantly
(10-20 fold) increase sensitivity of the chromatographic
process. The input sample rate was 1.2 ml/min for 0.2 mi-
nutes. The chromatographic conditions were as follows:
capillary chromatographic column DB-5 (30 mx0.25 mm);
the carrier gas — helium, the carrier gas speed — 1.2 ml/min;
the thermostat temperature — from 50 to 320°C at the
rate of 4 °/min; the heater temperature of the sample
introduction — 250°C. From the aqueous extract vola-
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Table
The component composition of vegetative and generative organs of black horehound

Retentiqn Compound Corollas, Calyx, Leaves, Stems,

time, min mqg/kg ma/kg mqg/kg ma/kg
5.31 Benzaldehyde 3.9 - - 5.1
6.26 1-Octen-3-ol 3.5 - - 10.4
6.54 2,3,5-Trimethylpyrazine - - - 7.9
6.68 Octanal - 10.9 - -

7.4 Phenylacetaldehyde 9.3 - 313 -

7.49 Benzyl alcohol - - 9.8
7.79 Limonene - 10.3 - -
9.01 Tetramethylpyrazine - - - 26.5
9.17 2,5-Dimethyl-3-acetylfurane 5.1 - - -
9.69 Nonanal - 21.5 - -
9.74 Linalool 4.9 - - -
10.04 2,2,6-Trimethyl-4-methylene-2H-pyran 172.3 - 14.9 425
11.07 Verbenol - - - 7.1
12.34 Methylsalicilate 4.6 - - 313
12.49 a-Terpineol 4 - - 6.2
12.64 Verbenone - - 35.7 3.2
12.99 Decanal 8.9 71 27.1 -
14.59 Isopiperitenone - 8.7 - -
14.84 Ethylsalicilate - - - 7.6
16.17 4-Vinyl-2-methoxyphenol - - - 36.1
16.31 Dodecanal - 519 - -
17.58 Eugenol 26.3 - 12.2 18.9
18.76 Caprinic acid 39 - - -
18.98 Methyleugenol 26.3 39.6 12.8 -
20.04 B-Caryophyllene 26.8 - - 2
20.75 Geranylacetone 8.6 10.9 12.5 3.8
21.03 Gumulene 11.3 - - 2.2
21.53 B-lonone-epoxyside - - 36.4 54
21.63 B-lonone - - - 33
21.83 Germacrene D 40.2 - - 8.2
21.89 Tetradecane - 6.8 - -
22.09 Dihydroactinidiolide - - 43.8 -
22.94 Pentadecane - 53.9 - -
23.47 Elemicin - 14 - -
23.66 Elemol 18.5 - - -
24.39 Spatulenol 15.4 - - -
24.48 Caryophyllene oxyde 57.1 - - 6.8
24.56 Lauric acid - 67.1 - -
25.19 Benzophenone - 11.7 - -
26.07 Trans-isoelemicin - 67.1 - -
28.6 11-Tetradecenic acid - - - 4.9
29.05 Miristic acid 100.6 271.3 187.5 41.9
29.97 Farnesole - - 32.2 -
30.27 Hexahydrofarnesylacetone 167.4 60.3 - -
30.62 Pentadecanoic acid 50.7 182.1 121.8
31.19 Farnesylacetone - - 68.8 -
31.71 Palmitoleic acid 445 306.4 196.9 347
32.2 Palmitic acid 573.9 1620.6 656.5 130.9
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tile compounds were extracted with methylene chloride
and further analyzed as described above.

Substances were identified by comparison of the
mass spectra obtained with the data from mass spectra li-
braries NIST05 and WILEY 2007 in combination with
the programmes for identification AMDIS and NIST.
The content of components in the herbal drug (mg/kg)
is given in Table.

Results and Discussion

Qualitative and quantitative compositions of essen-
tial oils of various organs of horehound are given in mg/
kg (Table). As the result of the research 48 components
of essential oil have been identified and quantified in
generative and vegetative organs. Quantitatively ses-
quiterpenoids and substances of different origin (alde-
hydes, hydrocarbons, and fatty acids) are predominant,
in smaller concentration monoterpenoids and aromatic
compounds have been found. Germacrene D (40.2 mg/kg),

hexahydrofarnesylacetone (167.42 mg/kg), 2,6-trime-
thyl-4-methylene-2H-pyran (172.3 mg/kg), myristic
(271.3 mg/kg), pentadecanoic (182.1 mg/kg), palmito-
leic (306.4 mg/kg) and palmitic (1620.6 mg/kg) acids pre-
vail in vegetative organs. Farnesylacetone (68.8 mg/kg),
verbenone (35.7 mg/kg), myristic (187.5 mg/kg), pal-
mitic acid (656.5 mg/kg) and palmitoleic (196.9 mg/kg)
acids are the major components in generative organs.

CONCLUSIONS

1. The Chromato-mass spectrometric research of vo-
latile substances of vegetative and generative organs of
black horehound has been carried out; 48 components
have been identified and quantified.

2. The predominant components in the raw material
studied are hexahydrofaresylacetone, palmitic acid, pal-
mitoleic acid and 2,6-trimethyl-4-methylene-2H-pyran.

3. The results obtained will be used for further phy-
tochemical research of these herbal drugs.
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OOCNIMKEHHA CKNALQY E®IPHOI ONii BEFTETATUBHUX | FEHEPATUBHUX OPTAHIB

BALLOTA NIGRA L.
A1.C.KonicHuk, A.M.Kosasnboega, O.B.lopsiva

Knrouoei cnoea: M’ssmoyHuk YopHul; Ballota nigra L.; xpomamo-mac-criekmpomempisi;

KoMroHeHmMHuU ckiad egipHoi onif

HaeedeHi OaHi hapmMako2HOCMUYHO20 8UBHEHHST HA03EeMHOI YaCmuHU M’SIMOYHUKa 4YopHo20 (Ballota
nigra L.). Memoto pobomu € gu3HayeHHs1 SIKICHO20 ckrnady ma KiflbKiCHO20 8Micmy f1emKux KOMIIo-
HeHmie eezemamueHUX ma 2eHepamusHUX opaaHie M’sImoYHUKa YOpHO20. B sskocmi cuposuHuU 8u-
Kopucmosysaru nucmsi, Keimku i cmebna, 3azomoerneHi 8 ¢hasy usimiHHs 8 Xapkiechkil obracmi.
Bniepwe memodom xpomamo-mac-criekmpomempii iposedeHo OOCTIOXEHHS IeMKUX Pe408UH Ha03eM-
HOI' YaCmUuHU M’SIMOYHUKa YOPHO20. Y 8eeemamueHUX ma 2eHepamueHUX opaaHax M’SImoYHUKa iOeH-
mucabikogaHo 48 KOMIMOHeHMI8. Y eeezemamueHUX op2aHax rnepeesaxaroms 2epmakpeH D (40,2 me/ke),
2ekcaeziopopapHesunauemoH (167,42 me/ke), 2,6-mpumemun-4-memurneH-2H-nipaH (172,3 me/ke),
mipucmuHosa (271,3 me/ke), neHmadekaHosa (182,1 ma/ke), nanbmimoreiHosa (306,4 ma/ke) i nane-
mimuHosa kucriomu (1620,6 ma/ke). Y eeHepamugHUX opaaHax POC/UHU repesaxarmb apHesur-
auemoH (68,8 me/ke), sepbeHoH (35,7 ma/ke), mipucmurosa (187,5 me/ke), nansmimu+Hosa (656,5 me/ka)
i nanbmimoneiHosa (196,9 ma/ke2) kucnomu. JOMiHyrO4UMU KOMIOHEHMaMu y Q0CiOXyeaHil cu-
POBUHI € 2eKkcaeiOpoghapHe3unayemoH, najabMimuHo8a ma rnasbMimosieiHo8a KUciomu, a makox

2,6-mpumemun-4-memursneH-2H-nipaH.
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UCCNEOOBAHUE COCTABA 3®UPHOIO MACIIA BETETATUBHbIX U TEHEPATUBHbIX
OPIrAHOB BALLOTA NIGRA L.

A.C.KonecHuk, A.M.Koeaneega, O.B.lopsivas

Knroyeenie cnoega: bernokydpeHHuK Y4epHbili; Ballota nigra L.; xpomamo-macc-criekmpoMempusi;
KOMIMOHEeHMHbIU cocmas a¢ghupHO20 mMacria

lpusedeHbl OaHHble hapMakKo2HOCMUYECKO20 U3yHeHUsT Had3eMHoU Yacmu 6erloKyOpeHHUKa Yep-
Hoeo (Ballota nigra L.). Llenibto pabombi 66110 orpederieHue Ka4eCcimeeHHOo20 cocmasa U KOflu4ecmeeH-
HO20 codepxaHUsi lemydux KOMIMOHEHMO8 ee2emamueHbIX U 2eHepamueHbIX op2aHo8 besioKyOpeH-
HUKa 4YepHOoeo. B kayecmee cbipbs UCMONb308anu IUCMbS, Ue8emku U cmebru, 3a2o0moerieHHbIe 8
a3y usemeHusi 8 Xapbkosckol obnacmu. Briepesie memodom xpomamo-macc-criekmpomMmempuu
rposedeHo uccredosaHue 1emy4yux seuecme Had3eMHoU Yacmu 6eslokyOpeHHUKa YepHoeo. Kom-
MOHEeHMHbIU cocmaes fiemy4ux geujecme mpasbl 6er10KyOpeHHUKa uccredosasiu Ha xpomMamoapa-
¢pe Agilent Technologies 6890N ¢ macc-crekmpomempuydeckum 0emexkmopom 5973N. KomrnoHeHmbI
udeHmucghuyuposanu ¢ nomowbro bubnuomeku macc-criekmpos NIST 05 u WILEY 2007 coemecmHo
¢ npoepammamu 0ns udeHmugpuxkavyuu AMDIS u NIST. B eecemamusHbix U 2eHepamusHbIX opea-
Hax 6erokyOpeHHuUKa udeHmuguyuposaHo 48 komrnoHeHmMos. B eezemamueHbIx opaaHax rpeobra-
Oarom eepmakpeH D (40,2 me/ke), eekcazudpoghapHesunayemoH (167,42 me/ke), 2,6-mpumemurni-
4-memuneH-2H-nupaH (172,3 me/ke), mupucmuHosas (271,3 ma/ke), neHmadekaHosasi (182,1 me/ke),
nanbmumorneuHosas (306,4 ma/ke) u nanbmumuHogasi kucriomsl (1620,6 me/ke). B 2eHepamugHbIx
OopeaHax pacmeHusi npeobnadarom chapHe3unayemoH (68,8 me/ke), eepbeHoH (35,7 me/ke), mupu-
cmuHosas (187,5 me/ke), nanbsmumuHosas (656,5 me/k2) u nanbmumoneuHosasi (196,9 me/ke) Kuc-
Jniomsl. JJoOMUHUPYOWUMU KOMITOHEHMaMU 8 UCC/1e0yeMOM Chipbe S6ISIIomcs 2ekcasudpoghapHe3surs-
auemoH, naabMuUmuHosasi U nasabMUmosieuHos8ast KUCIombl, a makxe 2,6-mpumemur-4-MmemurneH-
2H-nupaH.
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Literary sources indicate that among hyperendemic diseases the problems of the biliary system take
one of the leading places and are widely represented in all age groups. According to the Centre for
Health Statistics of the Ministry of Public Health of Ukraine the number of patients with cholelithiasis
grows, the increase in its prevalence for the last 10 years is 97.5%. The primary cause of the disease
is the human life style, as well as conditions and the environment, genetic predisposition and activities
of healthcare institutions. More often the treatment of cholelithiasis is associated with hospitalization
and high financial cost. Annually there are more than 2.5 million operations on the bile ducts in the
world. One of the alternative methods of treatment involves the use of drugs that are of natural and
synthetic origin. Nowadays herbal medicines are gaining popularity. Prepared from herbs phytodrugs
have a wide range of the therapeutic action with gradual, slow development of the therapeutic effect,
high bioavailability, and patients can use them for a long time. Their action is not only aimed directly at
treating disease, but also protecting and strengthening the organism as a whole. The aim of our work is
to conduct the marketing research of the market of drugs with the choleretic action. It has been shown
that the majority of the choleretic drugs range is formed by foreign producers, their share is 62% and
domestic drugs are 38%. The countries importing drugs of the group under research have been studied.
It has been proven that among the drugs with the choleretic action, tablets are the most common
dosage form, their share is 55%. The results of the marketing analysis conducted allows to prove the
expedience of creating combined medicinal products based on the plant raw material with a wide range

of the therapeutic action that will have a high efficiency, quality and availability to the general public.

At present, diseases of the biliary system take one
of the leading places among hyperendemic diseases and
are widely represented in all age groups. The preva-
lence of the disease is 45%, among young people it is
43% [2, 3, 16, 18].

Foreign researchers have noted that in Europe and
North America approximately 15% of the population
suffer from cholecystitis [11, 7, 12].

In Ukraine, according to the Centre for Health Sta-
tistics of the Ministry of Public Health of Ukraine the
number of patients with cholelithiasis grows, the in-
crease in its prevalence for the last 10 years is 97.5%.

Prevalence of cholelithiasis is due to the factors that
affect development of this disease (Fig. 1).

Fig. 1 shows that the main cause of the disease is the
human life style, as well as conditions and the environ-
ment, genetic predisposition and activities of healthcare
institutions.

More often the treatment of cholelithiasis is associ-
ated with hospitalization and high financial cost.

Annually there are more than 2.5 million operations
on the bile ducts in the world.

The basis of the disease is metabolic disorders, chole-
stasia in the gallbladder and inflammation. Therefore,

in order to prevent the symptoms of the disease an alter-
native method of treatment that involves administration
of drugs is used [4, 15]. These drugs are both of natu-
ral and synthetic origin. According to the literature it is
known that synthetic drugs may produce hepatotoxic
effects and the possibility of developing dysbacteriosis
[9, 10]. Synthetic drugs have also the limited range of
the pharmacological action compared to phytodrugs.

Nowadays herbal medicines are gaining popularity.
Phytodrugs prepared from herbs have a wide range of
the therapeutic action with gradual, slow development
of the therapeutic effect, high bioavailability, and pa-
tients can use them for a long time. Their action is not
only aimed directly at treating disease, but also protect-
ing and strengthening the organism as a whole [6, 14].

The aim of our work is to conduct the marketing re-
search of the market of drugs with the choleretic action.

Based on the literary sources it is known that there
is a classification of choleretics [8, 19] (Tab. 1).

Most drugs for cholelithiasis are represented by medi-
cines of foreign production (Fig. 2). Their share is 62%.
Domestic drugs are 38% of the range studied [5].

Foreign drugs are presented by 8 countries at the
Ukrainian pharmaceutical market. Foreign manufacturers
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Fig. 1. Factors of cholelithiasis appearance.
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Fig. 2. The ratio between domestic and foreign choleretic drugs.

Classification of choleretic drugs

Table

|. DRUGS THAT STIMULATE THE BILE FORMATION -
CHOLERETICS

Il. DRUGS THAT STIMULATE THE BILE SECRETION

A. Intensifying the bile secretion
and creating bile acids (true
choleretics)

B. Drugs that increase
the bile secretion by the
agueous component
(hydrocholeretics)

A. cholekinetics — increase
the tone of the gallbladder
and decrease the tone of
the bile ducts

B. cholespasmolytics -
cause relaxation of the
biliary tract

1) Drugs containing bile acids:
Alochol, Holenzym, Choliver, etc.
2) Synthetic drugs:
hydroxymethylnicotinamide
(Nicodin) osalmide (Oxaphen-
amid), cyclovalone (Cycvalon)
hymecromone (Odeston, Holo-
nerton, Holestil)

3) Herbal products: immortelle
flowers (Flamin), artichoke ex-
tract (Artihol, Bilikur, Chophytol)
corn stigmas, common tansy
(Tanacechol), rosehips (Cholo-
sas), berberine bisulfate, birch
buds, cornflower flowers, orega-
no herb, sweet flag oil, terpenti-
ne oil, peppermint oil and others

Mineral water, sodium
salicylate, drugs of
valerian

cholecystokinin, magnesium
sulfate, pituitrin, choleritin,
drugs of barberry, sorbitol,
mannitol, xylitol

atropine, platifillin, metoci-
nium iodide (Metacin), bel-
ladonna extract, papaverine,
drotaverine (No-spa), mebe-
verine (Duspatalin), amino-
phylline, Olimetin
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are presented by such countries as Germany, the USA,
Switzerland, Israel, Russia, France, Austria and China
(Fig. 3).

Fig. 4 presents the marketing analysis of the chole-
retic drugs range according to the dosage forms.

Taking into account the results of the marketing re-
search (Fig. 4), it has been found that the largest share
is drugs with the choleretic action in the form of tablets
(55%), half as large is in the form of capsules (21%),
then there are solutions (7%), granules, teas, balms. The
analysis shows the monocomponent composition of these
medicines.

Popularity of manufacturing tablets is due to a num-
ber of their well-known advantages over other dosage
forms: ease of use and storage, accuracy of dosing, the
ability to combine medicinal substances incompatible
by physical and chemical properties, and therapeutic ef-
fect, portability, etc. [1, 13, 17].

The results of the marketing analysis conducted al-
lows to prove the expedience of creating combined me-
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Fig. 3. Distribution of choleretic drugs by manufacturing countries.
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Fig. 4. The ratio of medicinal forms of choleretic drugs.

dicinal products based on the plant raw material with
a wide range of the therapeutic action that will have a
high efficiency, quality and availability to the general
public.

CONCLUSIONS

1. The marketing research of the pharmaceutical mar-
ket of drugs with the choleretic action has been carried
out.

2. It has been shown that the majority of the choleretic
drugs range is formed by foreign producers, their share
is 62% and domestic drugs are 38%.

3. The countries importing drugs of the group under
research have been studied.

4. It has been proven that among the drugs with the
choleretic action, tablets are the most common dosage
form, their share is 55%.

5. The expedience of creating domestic drugs with
the choleretic action has been substantiated in order to
increase the level of providing the population with ef-
fective, safe and available drugs.
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MAPKETWUHIOBI AOCNIOAXEHHA PUHKY MPENAPATIB XXOBYOTIHHOI Aif

J1.0.bo6puuybka, M.A.ApakensiH, H.B.l[Tonoea

Knroyoei crioea: xxos4yokam’saHa xeopoba; MapKkemuHa08i O0CIOXKeHHS; penapamu X08402iHHOI
Oi; nikapchbKi gpopmu

JlimepamypHi dxxepena cgid4amsb, WO ceped einepeHOeMiYHUX X80POb 3ax80pHOBAHHS XX0B8408UBIO-
Hoi' cucmemu rnocidaromb 00HE 3 MPOBIOHUX MiCUb ma WUPOKO rpedcmasrieHi 8 ycix 8iKogux 2pyrnax.
83a daHumu yeHmpy meduyHoi cmamucmuku MOS3 e Ykpairi 6i0bysaembcsi 36inbWeEHHS KinbKocmi
X80pUX Ha X084YHOKaM’siHy xeopoby (PKKX), npupicm nowupeHocmi 3a 10 pokie dopieHroe 97,5%.
[01108HOI0 MPUYUHOK BUHUKHEHHST 3aX80Ppro8aHHs € 0bpas i ymosu Xumms /Ao0UHU, @ MakoX cmaH
HasKOMUWHbO20 cepedosuwya, 2eHemuy4Ha cxusibHicms ma OisifibHicCmb 3akiadie 0XOpPOHU 300p08 Al.
Haduyacmiwe nikyeaHHs XXKX roe’sa3aHe 3 eocnimarisaujiero ma eucokumu ¢biHaHcosumMu sumpa-
mamu. LLjopiyHo 6 ceimi 30ilicHioembcsi MoHad 2,5 MrH onepauil Ha xo8408ugioHux winisixax. OOUH i3
arnbmepHamugsHUX criocobig rliKyeaHHs BKITHOYaE 3aCimocy8aHHs JiKapChbKUX riperapamis, siki ipedcmasreHi
IpUpPOOHUMU ma CUHMEeMUYHUMU JliKapCbKUMU 3acobamu. Ha cb0200HiWHIlG deHb POCUHHI nperna-
pamu Habysaromb ece binbwoi nonynspHocmi. BueomoerneHi 3 nikapcbkux mpae ¢himonpenapamu
Maromb WUPOKUL criekmp nikysasbHoi Oiif 3 mocmynosum rMoesiribHUM pPO38UMKOM meparnesmu4Ho20
eghekmy, sucoky 6io0ocmyrHiCmb, MOXYmb 3aCmoco8y8amuch rnauieHmamu erpooo8X mpueasnozo
yacy. Ix dis cripsimosaHa He minbKu 6e3rnocepedHbO Ha JliKyeaHHs X8opobu, a U Ha 3axucm i 3Miy-
HeHHs1 opaaHismy 8 yiriomy. Memoto Hawoi pobomu € npoeedeHHs MapKemuHa208020 O0CTIOKEH-
HS1 PUHKY JTIKapChbKUX ripernapamig xoe84o2iHHoI Oil. bynu npoeedeHi mapkemuHa208i O0C1iOXEHHS
hapmayesmuyHO20 pUHKY npernapamie xoe4o2iHHOI dii. [loka3zaHo, wo binbwicmb acopmumMeHmy
JKOBYOR2IHHUX rnpernapamie ¢hopMyembCs 3a PaxyHOK IHO3EMHUX 8UPOBHUKI8, Ha iXx YacmkKy npunadae
62%, a Ha 8im4u3HsiHi — 38%. BcmaHoeneHi KpaiHu-imrnopmepu npernapamie 0ochioxyeaHoi epyru.
LosedeHo, wio ceped npenapamig xo08402iHHOI Oif HalbiNbw MOWUPEHOK JTIKapCbKOK (hOPMOI0 €
mabnemku, ix yacmka cknadae 55%. Pe3ynbmamu rpogedeH020 MapKemuH208020 aHasi3y 00360~
nunu obrpyHmyesamu O0uinbHICMb CMBOPEHHST KOMBIHOB8aHUX fliKapCchbKux 3acobie Ha OCHO8I POCIUH-
HOI CUPOBUHU 3 WUPOKUM CrieKmMpPOM rliKysarbHOI Oil, SKi MamuMymb 8UCOKY egheKmueHicmb, SKiCmb
ma docmyrnHicme 051 WUPOKUX 8€PCIME HaCeleHHS.
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MAPKETUHIOBBIE UCCIIEQOBAHUSA PbIHKA MPEMAPATOB XXENYErOHHOIMO AENCTBUA
J1.A.bobpuuykas, M.A.ApakensiH, H.B.[lonoea

Knroyesnbie crniosa: xenyekameHHas 60/1€3Hb; MapKemuHa08ble uccrnedosaHus:; npenapamal
JKennye2oHHoe20 Oelicmeusi; ieKkapcmeeHHble hopMb|

JlumepamypHbie UCMOYHUKU ceudemesibcmeyrom 0 moM, 4mo cpedu aunepaHoemudeckux bonesHel
3aboriesaHust Xen4esbigoosiuell cucmeMbl 3aHUMarm 00HO U3 8e0yWUX Mecm U WUpPOKO rnpedcmas-
JleHbl 80 8cex 8o3pacmHbix epynnax. 1o daHHbIM yeHmpa meduyuHckol cmamucmuku MuH3dpasa
8 YkpauHe, npoucxodum ygsenudeHue Kosudecmea 60sbHbIX C xenyekameHHoU bosne3Hbio (KKB),
npupocm pacripocmpaHeHHocmu 3a 10 nem cocmaensaem 97,5%. [nmaeHoU rnpu4uHOU 803HUKHO8Ee-
Husi 3abornesaHusi sierisiemcsi 06pa3s U ycriosusl XU3HU YesloeeKka, @ makxe COCmOsiHUE OKpyxatowel
cpeldbl, eeHemuyeckasi rnpedpacrosioXeHHOCMb U 0esimesibHOCMb yupexOeHull 30pagooxpaHeHusl.
Yawe scezo neuerHue XXKb cesisaHo ¢ eocriumanusayuell U 8bICOKUMU (hUHAHCO8bIMU 3ampamamu.
Exezao00H0 8 mupe npoussodumcsi bonee 2,5 MiH onepayuli Ha xendyeabigodsawux nymsx. OOuH
U3 arlbmepHamueHbIx crocobos fIe4YeHUs 8KIYaem rMpUMeHeHUe NIeKapCmeeHHbIX rpenapamos,
Komopble npedcmasrieHbl MPUPOOHbIMU U CUHMeMmMUYEeCKUMU fleKapcmeeHHbIMU cpedcmeamu. Ha
cee00HsWHUL OeHb pacmumersibHble rnpenapamsl npuobpemarom ece 60bLWYHO MONYASPHOCMb.
M32omoeneHHble U3 fiekapcmeeHHbIX mpas ¢chumonpenapams! UMeom WUpoKul crnekmp eqeb-
Ho20 Oelicmeusi ¢ nocmerneHHbIM MeOSIeHHbIM pa3gumueM meparnesmuyeckoz2o aghghekma, 8bico-
Kyto 6uodocmyrnHoOCcmb, MO2ym MPUMEHSIMbCS nayueHmamu 8 medyeHue 051umeribHo20 epemMeHuU. Vx
delicmeue HarnpagsrieHo He MOJIbKO HENocpedCcmeeHHO Ha riedeHue 6one3Hu, Ho U Ha 3awumy u
yKperneHue opaaHu3ma 8 uenom. Llenbio Hawel pabomel Aernsiemcs nposedeHue MapKemuH208020
uccredosaHUsi pbIHKa flekapCcmMeeHHbIX rpernapamos Xxen4ye2oHHo20 Oelicmeusi. bbinu rnpoeedeHs!
MapKemuHeosble uccriedosaHusi ghapMauesmuIecKkoeo phiHKa rpenapamos XXen4e2oHHo20 Oelicmausi.
lMokazaHo, 4Ymo 60/1bUWUHCMBO acCoOPMUMEHMA XeMYEe20HHbIX Mpernapamos ¢hopMupyemcs 3a cHem
UHOCMpaHHbIX fpoudgodumened, Ha ux 0ot npuxodumcs 62%, a omedyecmeeHHbIe 3aHUMarom 38%.
YcmaHoeneHbl cmpaHbI-umMnopmepsi rpenapamos uccredyemou epynnel. [JokazaHo, 4mo cpedu
npenapamos Xen4yeeoHHo20 Oelicmausi Hauboriee pacrpocmpaHeHHOU rekapcmeeHHol ¢hopmoli
sensromces mabnemku, ux 0onsi cocmaensem 55%. Pe3dynbmamel npoeedeHHO20 MapKemuH208020
aHasnu3a rno3eosnusiu 06ocHosams uernecoobpasHocms co30aHUsi KOMOUHUPOBAHHbIX JIeKapCMeeH-
HbIX cpedcme Ha OCHO8e pacmumesibHO20 ChiPbsi C WUPOKUM CrieKmMpoM rie4ebHoe2o Oelicmeusi, KO-
mopsbie 6ydym umems 8bICOKYH 3¢hgheKmu8HOCMb, Kayecmeo u 00CmyrnHOCMb Ol LWUPOKUX CIi0e8
HacereHusl.
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The analysis of the drug assortment for treating nicotine dependence presented at the Ukrainian
pharmaceutical market has been carried out according to the ATC-classification and countries-
producers with the purpose of providing the population with effective, qualitative and safe medicines.
Two types of therapy are used for nicotine addiction: nicotine replacement therapy and therapy
with the use of medicines, which do not contain nicotine. In the process of our investigations it has
been found that 11 trade names (TD) of medicines for treating nicotine dependence (MTND) have
been registered in Ukraine. Among them there are 8 nicotine-containing drugs, 1 medicine contains
cytisine, 1 includes varenicline and 1 is a homeopathic medicine produced by 5 countries. It has
been determined that the majority of medicines for treating nicotine dependence are presented by
foreign producers at the Ukrainian market. The majority of the drug assortment for treating nicotine
dependence is imported drugs of such pharmaceutical companies as McNeil, AB (Sweden); Novartis
Consumer Health, S.A. (Switzerland); Sopharma (Bulgaria), Pfizer (the USA). The analysis of medicines
for treating nicotine dependence has been carried out by medicinal forms. Medicines for treating
nicotine dependence are presented at the market of Ukraine in such forms as chewing gums, tablets,
transdermal plasters, granules. According to the maximum indexes received the assortment contour
of the target segment of the Ukrainian pharmaceutical market of MTND (macrocontour) has been
developed. The macrocontour of the target market segment can be used for studying the assortment
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of a particular chemist’s shop with the purpose of possibility of the assortment extension.

Harmful consequences of tobacco use have been al-
ready proven. But there are a lot of people, who either
do not know about them or do not want to give up this
bad habit or can not do it. Sociological investigations
testify that the major part of smokers (60-70%) are try-
ing to give up this bad habit. However, according to
the narcologists’ opinion, nicotine addiction may be as
strong as heroin addiction [2, 15].

Smoking consequences represent a great danger to
humanity even more than AIDS, tuberculosis, maternal
mortality, traffic accidents, suicides and murders taken
together [5, 9].

Due to predictions of scientists at the University of
Edinburgh (Britain) if nicotine consumption does not
change the present rate, this figure will reach 10 million
by 2030. Totally nicotine will kill about one billion of
people in the XXI-st century [3].

According to the World Health Organization, Ukraine
sets the 17-th place among all countries as to nicotine
consumption. It is 1.5% of all cigarettes in the world,
while the population of Ukraine is not more than 0.85%
of the Earth population. There are about 9 million of
active smokers in Ukraine. They are the third of all
population capable to work. This is a great number of
people, their health can be improved without material
costs involvement by having influence only on one fac-
tor — smoking. Therefore, nicotine control is one of the
major problems in our country [8, 14, 15].

One of the ways to help smokers to get rid of nico-
tine dependence is taking medicines for treating nico-
tine dependence (MTND). It is reasonable to conduct
the marketing research of the MTND market segment.
The results of these investigations give the opportunity
to determine availability and the level of providing with
such medicines, as well as the tendency for market de-
velopment of the medicines under research.

Among the scientific works closely connected with
the research direction, there are significant works of such
scientists as Z.M.Mnushko [7], [.V.Pestun [7], V.K.Smir-
nov [11], O.1.Yermolova [11], O.L.Speranska [11], S.K.Zy-
ryanov [15], Yu.B.Belousov [15] and others.

The aim of this work is to research the domestic mar-
ket of MTND for further study of availability of these
medicines and possibility of demand satisfaction in nico-
tine dependence treatment.

Materials and Methods

Monitoring over the situation at the market has been
conducted on the basis of official sources content analy-
sis as to drugs, which help to give up smoking: the State
Register of medicines of Ukraine, Compendium 2013,
Rx-Index classifier of drugs.

Results and Discussion

Nicotine is the major smoking pathological factor.
It is a colourless and odourless alkaloid, which is part of
Solanaceous family, mainly tobacco [4]. The name “ni-
cotine” comes from the Latin word “nicotina tabacum”
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Fig. 1. The Ukrainian market of medicines for treating nicotine dependence by active substances.

received its name from the family name of a French am-
bassador Jean Nicot, who brought tobacco seeds and leaves
to France in the middle of the XVI-th century [6, 13].
At present the Ukrainian drug market is presented
by domestic and foreign producers of MTND. But the
choice must be determined by the convenience of a me-
dicinal form, economic availability and efficiency for a
specific patient. Two types of therapy are used for nico-
tine addiction: nicotine replacement therapy and therapy
with the use of medicines, which do not contain nicotine.
The main conception based on the stage-by-stage
analysis of the MTND assortment has been used ac-
cording to the following criteria: the ATC-classification
(anatomic-therapeutic-chemical classification), medici-
nal forms, country and company-producer [1, 10]. Ac-
cording to the results of analysis the assortment mac-
rocontour of the target market segment has been com-
posed in order to satisfy the demand in medicines for

treating nicotine dependence. The period of analysis
was 2013.

In total 11 trade names (TD) of medicines for treating
nicotine dependence have been selected during the con-
tent analysis [10, 12]. Among them there are 8 nicotine-
containing drugs (72.7%), 1 medicine contains cytisine
(9.1%), 1 includes varenicline (9.1%) and 1 is a homeo-
pathic medicine (9.1%) produced by 5 countries (Fig. 1).

About 3/4 of medicines at the market are nicotine-
containing drugs, which are represented by foreign pro-
ducers and manufactured in two medicinal forms: 75%
nicotine-containing drugs in the form of a chewing gum,
25% — as a transdermal plaster.

During the analysis it has been found that the most
MTND at the Ukrainian market are presented by foreign
producers (91%).

The majority of the drug assortment for treating nico-
tine dependence is imported drugs of such pharmaceu-

Table

The firm structure of the Ukrainian market of drugs for treating nicotine dependence

The number of trade
Country Manufacturer Trade name of the drug names Medicinal form
Abs. | Share, %
Nicotine replacement therap
Sweden McNeil, AB Nicorette with a mint flavour chewing gum
Nicorette with the taste of fresh mint chewing gum
Nicorette, winter mint chewing gum
- - - 6 54.5 -
Nicorette with the taste of fresh fruit chewing gum
Nicorette, flavoured mint chewing gum
Nicorette transdermal patch transder-mal patch
Switzerland | Novartis Consumer | Nicotinell with a mint flavour chewing gum
Health, S.A. Nicotinell transdermal patch 2 18.2 transder-mal patch
Medicines that contain no nicotine
Bulgaria Sopharma Tabex (cytisine) 1 9.1 tablets
USA Pfizer (USA) Champix (varenicline) 1 9.1 tablets
Ukraine “National Homoeo- | Tabacum-Plus 1 9.1 granules
pathic Society” JSC | (varenicline)
Total: 11
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Fig. 3. The assortment macrocontour of the target segment of the pharmaceutical market of MTND.

tical companies as McNeil, AB (Sweden) — 54.5%; No-
vartis Consumer Health, S.A. (Switzerland) — 18.2%; So-
pharma (Bulgaria) and Pfizer (the USA) —9.1% (Table).

Distribution of medicines registered for treating ni-
cotine dependence among the countries-producers is shown
in Fig. 2. Unfortunately, the share of a domestic pro-
ducer is only 9.1%.

Medicines for treating nicotine dependence are pre-
sented at the Ukrainian market in such medicinal forms
as tablets, chewing gums, transdermal plasters, granu-
les. Nicotine-containing drugs are produced in the form of
chewing gums (54.5%) and transdermal plasters (18.2%)
and provide modified nicotine release. Other medicines
are produced in the form of tablets (18.2%) and granu-
les (9.1%) (Table).

According to results of the analysis the assortment
contour (macrocontour) of the target segment of the
Ukrainian pharmaceutical market has been developed
taking into account the maximum index-characteristics

[1] (Fig. 3).

Information received on the basis of the macrocon-
tour allows to form the chemist’s assortment policy de-
pending on the available proposal and demand for these
medicines.

Thus, in the process of our research it has been found
that foreign MTND are 91%, the majority of foreign medi-
cines are nicotine-containing drugs (72.7%), among them
54.5% of medicines are presented in the form of a chewing
gum and are produced by Swedish companies-producers.

The marketing data of the domestic market analysis of
medicines for treating nicotine dependence are the basis
for further prediction and can be used by chemist’s and
pharmaceutical companies with the purpose of develop-
ment of variants for their strategy of development, goods
assortment and the influence on the consumers’ behaviour.

CONCLUSIONS

1. The assortment of MTND registered at the Uk-
rainian market has been analyzed according to the ATC-
classification. Eleven trade names of medicines for treating
nicotine dependence have been registered in Ukraine.



ISSN 1562-7241

NEWS OF PHARMACY 2(78)2014

71

2. The assortment of MTND available in Ukraine
has been investigated by countries-producers. The ma-
jority of MTND at the market of Ukraine is presented
by foreign producers (91%).

3. Analysis of MTND has been carried out by me-
dicinal forms. Medicines for treating nicotine depen-
dence are presented at the market of Ukraine in such
forms as chewing gums (54.5%), tablets (18.2%), trans-
dermal plasters (18.2%), granules (9.1%).

4. According to the maximum indexes received the
assortment contour of the target segment of the Ukrainian
pharmaceutical market of MTND (macrocontour) has
been developed. The macrocontour of the target market
segment can be used for studying the assortment of a
particular chemist’s shop with the purpose of possibility
of the assortment extension.

It is reasonable to carry out further investigations
for studying MTND availability.

N AR W

o %
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AHATI3 ACOPTUMEHTY NMPENAPATIB, LLIO CMPUAIOTb BIAMOBI BI TIOTIOHOMAIHHA,
NMPEACTABJIEHUX HA ®APMALEEBTUYMHOMY PUHKY YKPAIHU

M.M.Kob6eub, FO.M.Kobeuyb

Knroyoei cnoea: mapkemuHaosi O0CMIOKEHHS;, acopmuMeHm; rpenapamu, wo Ccripusitoms eioMosi
8i0 MOMIOHOMNAasNIHHS, HIKOMUHOB8a 3areXXHicmb

3 memoro 3abesrneqyeHHs1 docmyrnHoOcmi HaceseHHs 00 eCheKMUBHUX, SIKICHUX ma 6e3reyHuUX JlikapChb-
Kux 3acobie nposedeHo aHaris acopmumeHmy npedcmaesrneHux Ha hapmauyesmuyHOMy PUHKY Ykpai-
HU riperniapamis, Wo cripusitoms 8iomMosi 8id momroHonaniHHA, 3a ATC-knacugbikayieto ma KpaiHa-
Mu-8upobHuKamu. [Npu HIKOMUHOBIU 3anexHocmi sUKopucmosyroms 2 audu mepariii: HIKoOmuHo3aMiCHY
meparito i mepanito 3 8UKOPUCMAaHHSM JliKapCbKUX 3acobie, Wo He micmsimb HikomuHy. Y xo0i 0o-
cnidXxeHb 8CMaHOBITIeHO, W0 8 YKpaiHi 3apeecmposaHo 11 mopaosux Ha3e ripernapamig 0rs 11iKy8aH-
HS1 HIKOMUHOBOI 3aiexxHoCcmi, ceped sIKUX 8 HIKOMUHOBMICHUX ripernapamis, (1 npenapam micmuma
uyumusuH, 1 — eapeHikniH ma 1 eomeonamuyHul npenapam), Wo euryckarmscs 5 KpaiHaMu-8u-
pobHukamu. BcmaHosneHo, wo binbwicme npenapamis, ski cnpusitome 8i0Moe8i 8i0 momroHona-
TIHHA, Ha PUHKY YkpaiHu npedcmasrneHi iHo3eMHUMU 8upobHuUKkamu. binbwicmbs acopmumeHmy rii-
KapcbKux npernapamie 0515 JliKyeaHHS HIKOMUHOBOI 3anexHocmi ckrnadaromb iMrIopmHi npenapamu
gapmayesmuyHux komnarit McNeil, AB (LLiseuisi), Novartis Consumer Health, S.A. (LLiseluyapis),
Sopharma (Boneapisi), Pfizer (CLLUA). lNposedeHo aHani3 npenapamis, wo crpusitome 8idmosi 8id
mromioHonaniHHA, 3a fikapcbKumu ¢popmamu. Jlikapcbki 3acobu Onsi liKy8aHHs HIKOMUHOBOI 3aex-
Hocmi pedcmaeneHi Ha PUHKY YKpaiHu y euansdi makux fikapCbKux ¢hopM, sIK 2yMKU XyearsibHi,
mabnemku, nnacmupi mpaHcdepmarbHi ma 2paHynu. 3a ompuMaHuMu MakCuMaribHUMU MOKa3HU-
Kamu po3pobrieHuli acopmuMeHMHUU KOHMYyP Uillb08020 ceaMeHmy hapMaue8muyHO20 PUHKY rpe-
rnapamis, Wo crnpusitome 8idMo8i 8i0 mrmroHonasniHHa (MakpokoHmyp). MakpokoHmMyp uinbo8020
ceaMeHmMy PUHKY Moxe 6ymu sukopucmaHul 07151 BUBYEHHST aCOPMUMEHMY OKPEeMOi anmeku (MiKpo-
KOHMYP) 3 MEmo MOXIU8OCMI MOMOBHEHHST aCOPMUMEHMHUX riopmaberie.
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AHAIIN3 ACCOPTUMEHTA NPEMNAPATOB, CNOCOBCTBYHKOLLUUX OTKA3Y OT
TABAKOKYPEHUA, NPEACTABNEHHbLIX HA ®APMALIEBTUYMECKOM PbIHKE YKPAUHDI
M.H.Kobeu, FO.H.Ko6eu

Knroveenle criosa: MapKkemuHa08bie UCC1e008aHUsI; aCCOpMUMEHM; rpenapamsbi,
criocobcmeyrouue omka3dy om mabaKkoKypeHUsl; HUKOMUHO8asi 3a8UCUMOCb

C uenbto obecrniedyeHuUs1 00cmyrnHOCMuU HaceeHUs K 3¢hgheKkmu8HbIM, Ka4eCmeeHHbIM U be3onac-
HbIM fieKapcmeeHHbIM cpedcmeam rnpoeedeH aHau3 accopmumMeHma fpernapamos, criocobemeyio-
wux omkasy om mabakokypeHusi, npedcmassieHHbIX Ha ¢hapMayesmu4eckoM PbIHKE YKpauHbl, Mo
ATC-knaccughukayuu u cmpaHam-rpoudgooumensmM. [pu HUKOMUHOB8OU 3agucUuMOCMU UCIOMb3Y-
tom 2 suda mepanuu: HUKOMUHO3aMecmumesibHy0 mepariuo U meparuro C UCrob308aHUEM Jie-
KapcmeeHHbIX cpedcms, He codepxaujux HUKomuHa. B xode uccriedosaHusi ycmaHO8/1eHO, Ymo 8
YkpauHe 3apeaucmpuposaHo 11 mopaos8bix Ha3gaHul rpenapamos 07is Jie4eHUss HUKOMUHO80U 3a-
sucumocmu, cpedu Komopbix 8 HUKomuHcodepxxawux npenapamos (1 npenapam codepxum yu-
mu3suH, 1 — eapeHUKnuH u 1 2omeonamuyeckul npenapam), Komopble 8biryckaromcsi 5 cmpaHa-
MU-rpou3sooumensamu. YcmaHoeneHo, 4mo 60/1bWUHCME0 npenapamos, Komopble criocobecmsyom
omka3y om mabaKOoKypeHUs, Ha pbIHKe YKpauHbl npedcmaesrieHbl UHOCMpPaHHbIMU pou3gooume-
nsamu. bonbwuHCcMeo accopmumMeHma feKkapcmeeHHbIX npenapamos 0118 JIeHeHUsT HUKOMUHO80U
3asucumMocmu cocmaesisiiom UMIOoPMHbIe rpernapamsel hapmauesmudeckux komnaHul Mcneil, AB
(LLeeyusi), Novartis Consumer Health, S.A. (LUsetiyapus), Sopharma (bonzapus), Pfizer (CLLA).
lMposedeH aHanus npenapamos, Komopbie criocobecmeyrom omka3y om mabaKkoKypeHUs, o fiekap-
cmeeHHbIM chopmam. JlekapcmeeHHble cpedcmea 01 fiedeHUs: HUKOMUHOo8oU 3agucumMocmu rpeod-
cmaerneHbl Ha pbiHKe YKpauHbl 8 8UOe maKux /1eKapCmeeHHbIX hOPM, KaK Pe3UHKU XXeeamerlbHbIe,
mabnemku, niacmsipu mpaHcoepmarbHbie U epaHyrbl. [10 nony4eHHbIM MakcuMalibHbIM oKa3a-
mernsm pa3pabomaH accopmuMeHMHbIU KOHMYp uerneesoeo ceameHma hapmayesmuyeckozo pbiHKa
npenapamos, criocobcmeyrouwux omkasy om mabakokypeHusi (MakpokoHmyp). MakpokoHmyp ue-
J1€8020 ceaMeHma pbiHKa Moxem 6bimb UCMOMb308aH 0715 U3yHYeHUsT accopmumMeHma omaoenbHoU
anmeku (MUKPOKOHMYP) C Uesibio 803MOXHOCMU MOMOSTHEHUSI aCCOPMUMEHMHbIX nopmapesed.



ISSN 1562-7241

NEWS OF PHARMACY 2(78)2014 73

Recommended by Doctor of Pharmacy, professor A.S.Nemchenko

UDC 615.15:349.3

RESEARCH OF PRIMARY DIRECTIONS OF THE PHARMACY
SPECIALISTS SOCIAL PROTECTION IN UKRAINE ON THE
BASIS OF SOCIAL PROTECTION IN THE EUROPEAN UNION

M.V.Zarichkova

National University of Pharmacy

Key words: social protection, pharmacy professionals; social protection of pharmacy specialists;
pharmaceutical industry, labour protection; social officer, social service of pharmacy professionals

Current economic models of social protection in the EU and mechanisms of their coordination have
been analysed in the article. Priorities of the social protection system development in the EU member
states, including social measures, which promote innovative economic development on the basis of
human capital improvement, have been also considered in the article. It has been determined that a
certain type of social protection and its provision depend upon the size and number of contributions to
the relevant social protection institutions; the right to social protection is related to the fact of residence
in one of the EU member states where each country applies its own legislation on this issue. We
consider that creation of an effective social protection system in Ukraine depends on many factors
and the use of good practices of the EU countries and important international organizations is one
of the factors. To create a modern and efficient system of social protection for pharmacy specialists
in Ukraine, it is offered to involve the international experience, in particular the experience of the
EU member states. We consider that it is necessary to define a constructive way to achieve high
standards of the social life in our country and to develop various social programmes for the domestic
pharmaceutical industry, to introduce them into the government activity, having implemented them into

the state and regional legal framework.

Nowadays the system of social protection (SP) of
the population is important for the member states of the
European Union (EU) with a socially oriented market
economy. European integration processes in Ukraine
require the introduction of new regulatory measures
for implementation of the population social protection
system. Social development of the community is essen-
tial in meeting the needs and aspirations of people and
in performing the obligations of governments and all
sectors of the civil society, in particular of the pharma-
ceutical industry and its employees — pharmacy special-
ists (PhS). Therefore, determination of the priorities of
improving of social protection for pharmacy specialists
(SPPhS) in Ukraine is urgent [3].

Analysis of the literature has shown that the need
for SP as a particular system of legal rules appeared in
the middle of the 1950s. However, there is no clearly
defined legislative regulation of SPPhS in Ukraine till
nowadays and there are a lot of problems in this area.
General issues of SP were investigated by L.Zabielin,
M.Semashko, V.Durdenevsky, B.I.Stashkiva, M.L.Za-
kharov, Ye.H.Tuchkova, O.V.Posylkina, A.A.Kotvitska,
A.S. Nemchenko, etc., but problems of SPPhS actually
were not studied. We emphasize SPPhS in our studies
and suggest priorities for SPPhS improvement. The above
stated has become the basis for our research.

Materials and Methods

In our research the methods of logical, historical,
analytical analysis; methods of sociological surveys
(questionnaires and interviews) were used.

Results and Discussion

Based on the literature analysis the foreign experi-
ence, in particular the experience of the EU member
states, seems to be reasonable for creating a modern
and efficient system of SPPhS in Ukraine.

Basic principles, legal principles and forms of so-
cial protection (SP) in the EU member states are subject
to the following legislative acts: the European Social
Charter, the Community Charter of the Fundamental
Social Rights of Workers, the Treaty establishing the
European Community, Regulation 1408/71 (a complex
act that defines the concept of a person in the field of
SP), etc. [1, 3, 5].

A lot of influential international organizations such
as International Association of Social Protection, Inter-
national Labour Organization, UN, EU, EBRD, IMF
applying a lot of effort to improve the social and eco-
nomic situation in the world have been founded to re-
solve the SP-related issues.

Today, the international community prefers the SP
system of the EU countries, which have achieved tangi-
ble results in the wealth growth of their citizens, labour
force modernization and stability enhancing of the in-
ternal political situation, social compliance, etc., on the
basis of socially-oriented economies.

The analysis of the literature shows that there are
four economic models of SP in the EU countries:

1) Continental (Bismarck) model developed accord-
ing to the principle of the professional solidarity. It is
used in Germany and France. The model is based on the
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insurance funds, which accumulate social earnings con-
tribution and connect strongly the SP level with the pro-
fessional activity duration. The principle of the profes-
sional solidarity that is typical for this model provides
employees and employers with the fund management
on the parity basis, allowing them to exist without the
state budget support.

The powerful national social programmes allow the
poor, who do not receive insurance benefits (due to the
lack of the qualifying period) for various reasons, to
receive a budget transfer.

2) Anglo-Saxon (Beveridge) model is based on the
principle of the national solidarity. It sets common con-
ditions of social security payments and their size for all
subjects. This model is focused on the dominance of
social aid of the state budget origin over the low social
benefits of employees’ and employers’ insurance pre-
miums in Great Britain and Ireland.

3) Scandinavian model applies social services and
requirements for everybody without exception; it is not
associated with either the insurance premium rates or
the professional activity duration. This model is used in
Denmark, Sweden and Finland. The active disposition
of taxation funds by the governmental bodies equalizes
the incomes and guarantees their receipt.

4) South European model is still at the stage of de-
velopment. It has the following characteristics: the low
level of social protection, shifting the main burden of
social support onto family members, the passive state
policy, focusing on the costs compensation only for
particular categories of citizens. A significant asymme-
try in the structure of social expenditures is also typi-
cal for this model. This model is used in Spain, Italy,
Greece and Portugal. So, the Italian government allo-
cates the largest share of social expenditures into the
pension system (14.7% of GDP while the average Eu-
ropean level is 12.5%), and about 1% — into the family
support, education, employment policy [1-3, 5-10].

The establishment and operation of the structural funds
should be mentioned among the most effective mecha-
nisms of SP of the EU. These funds are coordinated by
the European Council. The European Regional Develop-
ment Fund, the European Agricultural Guarantee Fund,
the Cohesion Fund are the most functional institutions
nowadays. 195 Billion Euros were allocated from the
EU budget for their operation from 2008 to 2013. Today
the expenditures for them are 36.8% of the EU expen-
ditures. Activity of the Funds is enhanced by implementa-
tion of the EU initiative programmes with 10 billion
Euro budget.

The emphasis is put upon two of the 13 existing
programmes — “Employment” and “Adept”. The pur-
pose of “Employment” programme is to improve the
employment situation and vocational training systems,
to implement innovative methods in these areas. The
purpose of “Adept” programme is to facilitate the em-
ployees’ adaptation to changes and challenges of the eco-
nomy, to assist in competitiveness maintaining within
new economic conditions. These programmes are being
constantly corrected taking into account the require-

ments of the time. For example, the following sub-pro-
grammes: SME (Support for the Small and Medium
Sized Enterprises), Strade (strengthening of the tech-
nological base of small and medium sized enterprises),
Telematic (providing with communication and telecom-
munications services) have been recently added to the
“Adept” programme. The types of assistance may in-
clude measures of the infrastructure development, in-
dustrial investment in job creation, education develop-
ment, etc. [1, 2, 3, 6].

Priorities of SP systems development in the EU coun-
tries are social activities, which promote innovative eco-
nomic development on the basis of the human capital
improvement. A certain type of SP and its provision de-
pend on the size and number of contributions made to
the relevant institutions of SP. Right to SP is associated
with the fact of living in one of the EU member states,
but each country uses its own SP legislation [7, 8].

As for Ukraine, the process of an effective SP sys-
tem creation depends on many factors, one of which is
the use of the foreign experience. The use of good prac-
tices of the EU countries and important international
organizations helps to identify the constructive way to
achieve high standards of social life in our country and
develop various social programmes for the domestic
pharmaceutical industry and introduce them into the
government activity, having implemented them into the
state and regional legal framework. Ukraine has adopt-
ed the way of France and Germany using the principle
of professional solidarity with an emphasis on the in-
surance funds, accumulation of social earnings contri-
bution and the SP level dependence on the professional
activity duration. Certainly, it is impossible to copy the
SP system of the developed countries in the legal field
of Ukraine, but it is worth to use their good practice
while constructing the own SPPhS system [4, 9].

The main measures in Ukrainian sectorial legislation
reformation are required to improve the SPPhS situation.
Thus, the legislation, which regulates social issues, is
divided between various ministries, agencies and funds.
At present the relationships in the health sector are regu-
lated by more than 5.5 thousand legislative acts. Their
great number requires reformation and systematization
in order to simplify their use and enhance efficiency by
all means considering industry specificity. It is necessary
to adopt special laws, which can help to solve specific
problems, including the provision PhS’ rights and gua-
rantees with the real meaning, for example, the Law “On
the Social Protection of Pharmacy Specialists”. These
improvements will allow to reach the European and world
labour standards and social living standards of PhS.

The human right to the healthcare is one of the ba-
sic ones; however, it is possible to take care of a patient,
to protect PhS’s right to health only when PhS feels
own protection. Insufficient protection of PhS’s rights
is caused by such causes as the absence of clear legal
mechanisms for exercising these rights; PhS’ ignorance
and the lack of experience in asserting their rights.

The introduction of professional self-government
in the healthcare system and of the mediation practice
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Table
Characteristics of the priorities affecting the improvement of SPPhS in Ukraine
Priorities of SPPhS .

. Solutions
improvement

Reformingof the |-  To analyse carefully the most successful experience of the SP reform in all countries,

existing SPPhS especially the experience of solving financial problems;

system. Political,
philosophical and
economic plan

to conduct convergence SP models of European countries, introduce common principles
of SP organization in Ukraine, combine basic underlying principles that are relevant to the
historical process occurred in Ukraine;

SPPhS should become a social contract in political and philosophical sense and meet the
demands of social justice, it will provide sustainability of social and economic conditions of
the SP existence;

economically SPPhS should meet the following principles: universality (SP covers all risks
and applies to all categories of PhS), the presence of the uniform treatment, equal social
contributions;

to introduce the term “social protection of pharmacy specialists” at the level of the
pharmaceutical industry taking into account industry specificity and occupational
specification;

to strengthen institutionally the pharmaceutical industry of Ukraine and restore the social
importance of the pharmaceutical industry.

Social policy of the
pharmaceutical
industry.

Labour safety
improvement.
Catalogue of PhS’
main complaints

To develop and implement a range of measures on SPPhS improvement to the activity of
pharmaceutical institutions taking into account the actual labour conditions;

to introduce the term professional burnout of pharmacy specialists to the List of Occupational
Diseases;

to add the clause “Social and psychological assistance in the professional burnout of
pharmacy specialists (counselling, supporting, diagnosis, correction, psychological therapy,
rehabilitation) to the List of social services provided to individuals, who have difficult life
circumstances and are not able to overcome them;

to develop the mechanism of identifying PhS' needs for social services and the mechanism of
their providing in the pharmaceutical industry.

Settling of conflicts
between PhS, the
employer and the
executive branch

To assign an authorized person, who is responsible for social issues, at the LC of
pharmaceutical institutions of all types of ownership;

to determine the qualification requirements for the staff support and develop the position
description of APSI;

- to enhance the importance of civil and self-regulating organisations in the SPPhS system.

should become important measures to help to protect
the PhS’ rights like in every developed country. Media-
tion as a method of protection of the rights and interests
of subjects of legal relations in the health sector has
certain advantages — speed, absence of financial expen-
ditures and conflict resolution without suing.

Historically, just SP of the population has developed
in Ukraine, but industry specificity and SPPhS have been
left without proper attention. Such disregard of SPPhS
has a negative impact on the social situation of the phar-
maceutical industry, in particular little attention is paid
to a PhS as to a personality. Therefore, it is necessary
to introduce the terminological definition of SPPhS [6].

SPPhS is the function of the state on implementa-
tion of the social policy priorities in the pharmaceutical
industry, namely implementation of a set of economic,
legal and social guarantees formalized in legislation,
providing PhS with the most important social rights in
the professional activity, including adequate living stan-
dard, which is necessary for normal recovery and per-
sonal development.

SPPhS can be represented as physical protection;
support protection; preventive protection; compensa-
tive protection and be implemented in the form of so-
cial insurance, social assistance and social service to

pharmacy specialists (SSPhS). Basic principles of the
SSPhS should be as follows: targeting; transparency;
voluntariness; humanity; the priority of social services
to the population groups, who need such assistance most
of all; preventive orientation [4, 9].

SSPhS must have legislative and normative legal
regulation and be based on state standards, which estab-
lish the main requirements for the amount and quality
of social service, procedure and conditions of its pro-
viding. Complex social service centres, territorial social
assistance centres, pharmaceutical enterprises can ren-
der SSPhS, regardless of the forms of ownership.

Wide-ranging reforming measures in the healthcare
sector and formation of the clear system of coordina-
tion between the employer, organizations and executive
agencies that would promote the creation of a modern
system of SSPhS are required for effective reform in
the pharmaceutical industry and for creation of the func-
tional system of SP in the country. To improve the inter-
action between the parties of social partnership: “PhS —
employer”, eliminate the social tension in the pharmaceu-
tical institution and resolve possible conflicts, an autho-
rized person responsible for social issues (APSI) is re-
quired to be assigned at the labour collective (LC) of
pharmaceutical institutions of all forms of ownership.
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Depending on the staff of the pharmaceutical institution
and the number of LC, it is possible to introduce a sepa-
rate position of an APSI or entrust a representative of
LC elected at the labour meeting with the correspond-
ing responsibilities. Then the relationships will be as
follows: “labour collective — employer — authorized
person responsible for social issues — civil organiza-
tions — executive branch” [7, 9, 10].

PhS’ labour is one of the most difficult and the
most responsible occupations among modern ones in
Ukraine. PhS during his/her professional activity is
influenced by a wide range of factors of the physical,
chemical and mental nature, which may lead to func-
tional strain of individual organs and body systems, as
well as to nervous emotional tension in general, and it
causes development of “professional burnout”. In 2001
the WHO identified the “burnout syndrome” as a physi-
cal, emotional or motivational exhaustion, which is cha-
racterized by impaired performance at work and other
negative consequences. Prolonged working day of PhS
can also cause it. Although PhS have rights to shortened
working hours and the additional paid leave according
to the legislation, employers ignore these rights, espe-
cially it often happens at private pharmacies (sometimes
a working day can exceed 12 hours). That is why occu-

pational diseases, especially the “professional burnout”
of PhSs, occur more often [9].

Today the process of reconsidering new approaches
to providing SPPhS is taking place not only at the na-
tional level, but also at the industrial level. The pro-
visions of such legal documents as ‘“National Security
Concept”, “Information Security Doctrine”, etc., con-
firm this fact.

The current system of SPPhS indicates the need
to revise the legal documents on these issues and their
harmonization with the actual labour conditions in the
pharmaceutical industry for a range of priority areas
(Table).

CONCLUSIONS

The studies conducted indicate the fact that the prio-
rity areas for SPPhS improvement can be developed in
the following ways: by reforming the existing SPPhS
system on the basis of the political, philosophical and
economic plan; by developing the mechanism of identi-
fying PhS’ needs for social services and the mechanism
of their providing in the pharmaceutical industry, which
is oriented to the labour safety improvement and devel-
opment of the catalogue of the PhS’ main complaints;
by settling conflicts between PhS, the employer and the
executive branch.
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AOCNIOXEHHA NPIOPUTETHUX HANPAMKIB YAOCKOHANEHHA COUIAJIBHOIO 3AXUCTY
CNELUIANICTIB ®APMALII YKPAIHA HA OCHOBI CUCTEM COLIAJIbHOIO 3AXUCTY B €C

M.B.3apiykoea

Knrodoei cnoea: coujanbHul 3axucm, crneuianicmu ¢ghapmauji; couianbHUl 3axucm crieyianicmie
hapmauii; hapmauesmuyHa earny3b; OXOPOHa rfpauji; yrnosHoeaxxeHa ocoba 3 couianbHUX MUMaHb;
coujanbHe obcryeosysaHHs crieyianicmie ghapmauil

lpoaHarizosaHi icHyrO4i eKOHOMIYHI MOderi coyianbHO20 3axucmy 8 KpaiHax €C ma mexaHismu ix
KoopOuHauii. Takox po3ansaHymi npiopumemu po38UmKy cucmem couyiasibHO20 3axucmy 8 KpaiHax
4ynieHax €C, 9o sIKux 8i0HOCAMBCS couiarnbHi 3axo0u, siKi Cripusitoms iHHO8aUiliHOMY pO38UMKY €KOHO-
MiKku Ha nidcmasi 800CKOHaIeHHS1 Tl00CbKO20 Kanimary. BcrmaHoeneHo, wo nesHul 8ud coujanibHo20
3axucmy i (loeo HadaHHS 3anexamp 8i0 pPO3MIpy ma KillbKocmi 8HeECKi8, 3pobrieHuUx 00 8idrnogiOHUX
IHcmumymig couianibHO20 3axucmy, a npaeo Ha coujasibHUU 3axucm rnoe’si3yemncs i3 ¢pakmom rpo-
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JKUBaHHS1 8 O0HIU i3 KpaiH 4YneHie €C, 0e KOXHa KpaiHa KopucmyembCsi 81aCHUM 3aKOHOOa8CmeoMm 3
Ub020 numaHHs. Beaxaemo, wWo rnpouec cmeopeHHs echekmusHOI cucmemu coyianbHO20 3axucmy
8 YKpaiHi 3anexump i bacamb0OX YUHHUKI8, OOHUM I3 SIKUX € BUKOPUCMAaHHS Mo3umugHo20 0oceidy
KpaiH €C ma ennueosux MixxHapoOHUX opeaHizauid. [Jns cmeopeHHs cyyacHoi ma diegoi cucmemu
coujanbHO20 3axucmy crieujianicmie ¢hapmauii YkpaiHu rnpornoHyembcsi 3anyYeHHs1 3akopOOHHO20 00-
csidy, 30KpemMa, KpaiH-ydacHuub €C. Bgaxaemo 3a HeobxiOHe su3Haqyumu KOHCMPYKMU8HUU Wirisx
00CsizHEeHHST BUCOKUX couialibHUX cmaHdapmie XXummsi 8 Halwlil KpaiHi, @ makox po3pobumu 0ris 8i-
MYU3HSIHOI GhapmauesmuyHOI earnysi pisHoMaHimHI coujanbHi mpozpamu, 8rnposadumu ix y npakmuky
dissnbHOCMi ypsdy 3 rnornepedHbOK iMIeMeHmauiero y depxasHy ma pe2ioHanbHy HOpMamueHo-
rnpaeosy 6asy.

WCCNEOOBAHUA NPUOPUTETHbLIX HANPABNEHWUN YITYYLWEHUA COLMATIBHOWU
3ALNTBLI CNELMANTIMCTOB ®APMALIUU YKPAUHBI HA OCHOBE CUCTEM COLIMATIbBHON
3ALLUUTBLI B EC

M.B.3apu4koeas

Knroueenle cnioea: coyuanbHas 3awuma; crieyuanucmel hapmayuu; coyuanbHas 3awuma
crieyuanucmos hapmayuu; hapmauesmudeckasi ompacsib; oxpaHa mpyoa; yrnorIHOMOYEHHOe TUUO0
o coyuarnbHbIM 80rpocaM,; couyuarnbHoe obcryxueaHue crieyuanucmos gapmauyuu
lNpoaHanusuposaHbl cyuwecmeayruue 3KOHOMU4Yeckue Modenu coyuanbHOU 3auumsl 8 cmpaHax
EC u mexaHusmbl ux KoopOuHauyuu. Takxe pacCMOmpeHbl npuopumemsi pa3sumusi CUCMeM Co-
yuanbHou 3awumsl 8 cmpaHax-dieHax EC, K KomopbiM 0mMHOCSIMCS coyuarbHble Mepornpusimus,
criocobcmesyrouwue UHHOBaUUOHHOMY pa3gumur IKOHOMUKU Ha OCHOB8aHUU COBEPUIEHCMB08aHUSs
4yesl108e4eCcKo20 Karumarna. YcmaHoerneHo, 4ymo onpedenieHHbIl sud coyuanbHOU 3awumsbl U €20
rnpedocmaernieHue 3asucsim om pa3mepa U Koriudecmea 83H0Co8, cOenaHHbIX 8 coomeemcemayoujue
UHCmMuUMymael coyuarnbHOoU 3auyUumsl, a paso Ha coyuarbHy 3awumy cesi3aHo ¢ chakmom rpoxusea-
Husi 8 00HoU u3 cmpaH EC, ede kaxdasi cmpaHa rosnb3yemcsi cobCmeeHHbIM 3aKoHO0ameribCmeom
rno amomy eornpocy. Cyumaem, 4mo rpoyecc co30aHus aghghekmusHoU cucmemMbl coyuarbHoU 3a-
wumabi 8 YKpauHe 3agucum om MHO2ux ¢hakmopos, OOHUM U3 KOMOPbIX S6/51emcs UCMo/1b308aHUe
ronoXumernbHo20 orbima cmpaH EC u enusmernbHbIx Mex0yHapoOHbIX opeaHulayul. [ns co3da-
HUsi cogpeMeHHOU U 3thghekmusHOU cucmeMbl coyuanbHOU 3auumsl crneyuanucmos ghapmayuu
YKpauHbI npednazaemcsi npusnedyeHue 3apybexxHo20 ornbima, 8 YacmHocmu, cmpaH-ydacmHuy EC.
Cyumaem HeobxodumMbiM orpedennumb KOHCMPYKMUBHbIU Mymb OOCMUXEHUST 8bICOKUX COyUaribHbIX
cmaHOapmos XU3HU 8 Hawel cmpaHe, a makxe paspabomamp 0511 omedecmeeHHOU hapmayes-
muyeckol ompacru pasfiu4yHbie coyuarbHbie npo2pamMmbl, HEOPUMb UX 8 Npakmuky oesmerb-
Hocmu rnipasumernibcmea ¢ npedbidywel umrnnemeHmauyueli 8 20cy0apCmeeHHY U pe2UOHarbHY0
HOopMamugHo-rpasosyto basy.
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THE STUDY OF THE THERAPEUTIC ACTION OF THE
CELL-ASSOCIATED ANTIGENS OF CANDIDA ALBICANS
AND CANDIDA TROPICALIS FUNGI

M.V.Rybalkin

National University of Pharmacy

Key words: candidiasis, antigen; vaccine, therapy

Fungi of Candida genus are the most widespread causative agent of fungal infections. Candida causes
a wide range of infections: from insignificant diseases of the skin and mucous membranes to invasion
processes that can practically destroys all organs. Development of a vaccine against candidiasis is
the topical issue of modern pharmacy and medicine. Suspensions of cells of Candida albicans and
Candida tropicalis fungi were subjected to the action of ultrasound, then filtered through a “Vladipore”
membrane MFA-MA No.3 providing separation of the biological material with the size of 10 kDa and
its concentration. Then prefiltration and sterilizing filtration were carried out. The resulting purified
antigens of Candida albicans fungi cells with the protein concentration of 3 mg/ml and Candida
tropicalis with the protein concentration of 5 mg/ml were mixed in the ratio of 1:1 using a mixer with
the rotation speed of 100 rom for 10 min. In the experiment two-month white mice with the body
weight of 18-22 g were used; there were 6 animals in the control and test groups. The animals were
infected intraperitoneally with the suspension of Candida albicans in the amount of 20 min of cells and
Candida tropicalis in the amount of 60 min of cells in the volume of 1 ml. In 5 days the cell-associated
antigens of Candida fungi in the volume of 0.2 ml were injected intramuscularly to mice in the upper
part of the rear right paw. In 14 days the procedure was repeated. The animals of the control group
were injected with the sterile 0.9% isotonic saline solution. After that in 14 days the animals were
examined and the results were determined. According to the research results it has been found that
the cell-associated antigens of Candida albicans and Candida tropicalis provide the therapeutic effect

in 100% of animals when injected intramuscularly in the volume of 0.2 ml.

Fungi of Candida genus are the most widespread
causative agent of fungal infections. Candida causes a
wide range of infections: from insignificant diseases of
the skin and mucous membranes to invasion processes
that can practically destroys all organs [1, 3, 7]. Such
wide range of infections requires also a wide range of
diagnostic and therapeutic strategies.

According to many researchers the use of vaccines
for treating candidiasis is considered to be a promising
direction. Such studies are carried out actively both on
the territory of the former Soviet Union, and in Europe
and America [2, 4, 6, 8]. It should be noted that cur-
rently no domestic vaccine is produced in Ukraine and
no imported vaccines have been registered. Therefore,
development of a vaccine against candidiasis is the top-
ical issue of modern pharmacy and medicine.

Different researchers propose several variants of vac-
cines, but they have no consensus. Subunit vaccines are
one of the varieties of vaccines. They consist of the an-
tigen fragments that are capable to provide the adequate
immune response. These vaccines can be presented both
as particles of microbes and as those obtained in the labo-

ratory conditions by using genetic engineering technolo-
gies [5, 9, 10]. The examples of subunit vaccines with the
fragments of microorganisms used are vaccines against
Streptococcus pneumoniae and meningococcus type A.

Multivalent or assosiated vaccines are used for si-
multaneous immunization against a number of infec-
tions. They can include both homogeneous antigens (for
example, anatoxin), and antigens of different nature (par-
ticle and molecular, living and dead antigens). The ex-
ample of the associated vaccine of the first type can be
sexta-anatoxin against tetanus, gas gangrene and botu-
lism, of the second type — DTP vaccine, which includes
tetanus and diphtheria toxoids, pertussis particle vaccine.
The living multivalent associated polio vaccine contains
living vaccines of polio virus types I, II, III strain.

The associated vaccine contains antigens in doses
that do not cause mutual competition in order to form
the immunity to all antigens including in the composi-
tion of the vaccine.

As it has been shown in the previous studies, the
cell-associated antigens of Candida albicans fungi with
the protein concentration of 3 mg/ml and Candida tropi-



ISSN 1562-7241

NEWS OF PHARMACY 2(78)2014 79

calis with the protein concentration of 5 mg/ml in the
ratio of 1:1 when injected intramuscularly in the volume
of 0.2 ml to healthy mice can stimulate the immunity
formation against candidiasis, i.e. after immunization
the animals do not develop candidiasis when infected
by Candida fungi. At present it is necessary to check
whether the extracts of the cell-associated antigens of
Candida albicans and Candida tropicalis fungi possess
the therapeutic effect in the given dose, namely if when
administered intramuscularly to mice with candidiasis
the suspension is able to stimulate formation of the im-
munity against candidiasis and provide the further re-
covery of the infected mice.

The aim of the work is to study the therapeutic ef-
fect of the cell-associated antigens of Candida albicans
and Candida tropicalis fungi.

Materials and Methods

All studies were conducted in the laminar box main-
taining aseptic conditions. To perform the inactivation of
the fungal cells of Candida albicans of CCM 335-867
strain and Candida tropicalis of ATTC 20336 strain,
they were preliminary cultivated according to the sche-
me in the test-tubes on the Sabouraud agar separately
at 25+2 °C within 48 hours and the fungal cells were
washed with 10 ml of the sterile 0.9% isotonic saline so-
lution. The suspensions of the fungal cells of Candida
albicans and Candida tropicalis obtained separately were
trasferred to the flasks with the Sabouraud agar and in-
cubated at 25+ 2°C within 6 days and washed the fun-
gal cells with 25 ml of the sterile 0.9% isotonic saline
solution. The microbiological purity of the suspension
of the fungal cells of Candida albicans and Candida
tropicalis was determined visually and by the method
of microscopy. Then centrifugation with the rotation
speed of 3000 rpm was conducted for 10 min. The pre-
cipitate of the fungi cells obtained was diluted with the
sterile 0.9% isotonic saline solution to (8.5-9)x10% in
1 ml, and the suspensions were standardized by fungal
count in Goryaev chamber.

The suspensions of cells of Candida albicans and
Candida tropicalis fungi in the volume of 10 ml were
subjected to the action of ultrasound for destruction of
the fungal cells on an UZUU-21 device at the frequency
of 22 kHz, the intensity of 5 W/cm? and at the tempera-
ture of 25+£2°C for 15 min. All the time the temperature
of 2542°C was controlled with the help of ultrasonica-
tion of the suspensions of cells and maintained by add-
ing a cold water into the surrounding container. Then
there was filtration through a “Vladipore” membrane
MFA-MA No.3 providing separation of the biological
material with the size of 10 kDa and its concentration.
The filtrate obtained was presented by the mixture of
polypeptides and polysaccharides. In each case the pro-
tein content was determined according to the require-
ments of the State Pharmacopoeia of Ukraine (SPhU).
Then prefiltration using filters with the pore diameter of
0.45 um and sterilizing filtration using filters with the
pore diameter of 0.22 pm were carried out.

We take into account the fact that proteins and poly-
saccharides possessing the antigenic properties are in

the composition of the cell extract of Candida fungi.
According to the requirements of the SPhU determina-
tion of the active substance in such case is conducted
by the substance, which possesses the most expressed
antigenic properties, i.e. by protein.

The therapeutic effect of the cell-associated anti-
gens of Candida albicans and Candida tropicalis fungi
was investigated in healthy two-month white mice with
the body weight of 18-22 g. There were 6 animals in
the control and test groups; they were kept in the same
conditions on a standard diet. Before the research the
animals acclimatized themselves under experimental room
conditions. The animals were infected intraperitoneally
with the suspension of Candida albicans fungi of CCM
335-867 strain in the amount of 20 mln. of cells and
Candida tropicalis of ATTC 20336 strain in the amount
of 60 min. of cells in the volume of 1 ml. In 5 days the
cell-associated antigens of Candida albicans fungi with
the protein concentration of 3 mg/ml and Candida tro-
picalis with the protein concentration of 5 mg/ml in the
ratio of 1:1 with the volume of 0.2 ml were injected in-
tramuscularly to mice in the upper part of the rear right
paw. The animals of the control group were injected with
the sterile 0.9 % isotonic saline solution. After that in
14 days the animals were examined and the results were
determined.

The test results were considered according to the
number of various manifestations of the disease and were
estimated by the following scheme: (—) — the absence of
manifestations of the disease; a mild form of the disease (+)
— unkempt appearance, refusal to eat, the body weight
loss, dysfunctions of the excretory organs; a moderate
form of the disease (+ +) — adynamia, unkempt appear-
ance, refusal to eat, the body weight loss, contractures
of the neck muscles, the lateral location of the body,
dysfunctions of the excretory organs, during the autop-
sy when examining the mucous membranes of natural
orifices the signs of pathological processes, plating of
fungi with faeces were revealed; an advanced form of
the disease (+ + +) — adynamia, unkempt appearance,
refusal to eat, the body weight loss, contractures of the
neck muscles, paralysis of the limbs, convulsions, the
lateral location of the body, dysfunctions of the excre-
tory organs, when examining the mucous membranes
of natural orifices, internal organs of the animals the
signs of such pathological processes as microabscesses
in the renal cortical layer, lungs, spleen, liver, etc., iso-
lation of retrocultures of fungi from the animals’ organs
were revealed.

Results and Discussion

After infection of the animals according to the scheme
described above they were observed within 5 days. Such
signs of disease as unkempt appearance, refusal to eat,
the body weight loss, dysfunctions of the excretory or-
gans began to exhibit in the infected animals in a day.
The manifestations of infection found corresponded to
the mild form of the disease (+). On the 4-5-th day the
signs of the disease were intensified in some animals;
they were adynamia, unkempt appearance, refusal to eat,
the body weight loss, contractures of the neck muscles,
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Table

The study of the therapeutic effect
of the cell-associated antigens of Candida albicans
and Candida tropicalis fungi

Cell-associated antigens
of Candida albicans and Control
Candida tropicalis fungi
After After the After After the
infection .S?Coi’d infection .s_ecor.wd
injection injection
++ - + ++
+ - ++ +++
++ - + ++
+ - ++ +++
++ - + +++
++ - ++ +++

Note: — absence of the disease, + — a mild form of the disease,
+ + a moderate form of the disease, + + + an advanced form
of the disease.

the lateral location of the body, dysfunctions of the excre-
tory organs, when examining the mucous membranes
of natural orifices the signs of pathological processes,
plating of fungi with faeces were revealed. The mani-
festations of infection found corresponded to the mod-
erate form of the disease (+ +).

After double injection of the associated antigens Can-
dida albicans and Candida tropicalis fungi or the sterile
0.9 % isotonic saline solution the animals were care-
fully observed. In the control group, which was immu-
nized with the sterile 0.9% isotonic saline solution, ma-
nifestations of disease intensified in 5-14 days. Adynamia,
unkempt appearance, refusal to eat, the body weight loss,
contractures of the neck muscles, paralysis of the limbs,
convulsions, the lateral location of the body, dysfunc-
tions of the excretory organs were registered. During
the autopsy after the experiment when examining the
mucous membranes of natural orifices, internal organs
of the animals the signs of such pathological process-
es as microabscesses in the renal cortical layer, lungs,

spleen, liver, etc., as well as isolation of retrocultures of
fungi from the animals’ organs were revealed.

The therapeutic effect of the cell-associated anti-
gens of Candida albicans and Candida tropicalis fungi
started to appear in 5-14 days after the first injection. In
the animals adynamias, contractures of the neck mus-
cles, the lateral location of the body, plating fungi with
faeces were weakened or disappeared. In 5-14 days af-
ter the repeated introduction of the cell-associated an-
tigens of Candida fungi the further improvement and
recovery of the animals were observed. The appearance
of the animals improved, the appetite appeared, the body
weight increased, dysfunctions of the excretory organs
disappeared.

The therapeutic effect of the cell-associated anti-
gens of Candida albicans fungi with the protein con-
centration of 3 mg/ml and Candida tropicalis with the
protein concentration of 5 mg/ml in the ratio of 1:1 was
100 %. The research results are given in Table.

Thus, the cell-associated antigens of Candida albi-
cans and Candida tropicalis fungi have the immuno-
genic and therapeutic activity, as well as the antigens
of Candida albicans and Candida tropicalis fungi cells
separately. However, in case of the cell-associated anti-
gens of Candida albicans and Candida tropicalis fungi
we inject at once only one vaccine against two species of
fungi — Candida albicans and Candida tropicalis. There-
fore, the cell-associated antigens of fungi are more pro-
mising than the individual antigens of fungi cells.

In the future, it is planned to select experimentally
excipients that can provide the long-term storage of the
activity of the vaccine developed.

CONCLUSIONS

According to the research results it has been found
that the cell-associated antigens of Candida albicans with
the protein concentration of 3 mg/ml and Candida tropi-
calis with the protein concentration of 5 mg/ml in the ratio
of 1:1 provide the therapeutic effect in 100% of animals
when injected intramuscularly in the volume of 0.2 ml.

Therefore, the cell-associated antigens of Candida
albicans and Candida tropicalis fungi obtained possess
the therapeutic activity and are a subunit combined vac-
cine of Candida albicans and Candida tropicalis fungi.
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OOCNIMKEHHA TEPANEBTUYHOI Oli ACOLINOBAHUX AHTUIEHIB KNITUH MPUBIB
CANDIDA ALBICANS TA CANDIDA TROPICALIS

M.B.Pu6ankin

Knroyoei cnioea: kaHOudamiko3; aHmuaeH; eakyuHa; mepariis

Candida suknukae wupokuli diana3oH iHGheKUil: 8i0 He3Ha4YHUX 3axX80PK8aHb WKIPU ma Criu308uUx
060/10HOK 00 iHBa3IlHUX MPoyecis, sIKi MOXymb epaxkamu rpaxkmu4Ho yci op2aHu. Po3pobka eakyu-

HU npomu KaHOUQaMIKo3y € akmyarbHUM MUMaHHsM cydYacHOi ghapmauii ma meduyuHu. CycrneHsil

knimuH epubie Candida albicans ma Candida tropicalis niddasanu dii ynbmpa3seyky, inbmpysanu
yepe3 membpaHy «Bnadunop» MOA-MA Ne3 3 posmipom 10 k[]a, nposodurnu nonepedHro ma cmepe-
nisyrody binsmpauiro. OdepxkaHi cmepuribHi o4uweHi aHmuaeHu KnimuH epubie Candida albicans 3
KoHueHmpaujeto 6inka 3 me/mn ma Candida tropicalis 3 KoHueHmpauiero birka 5 me/mn 3miwysanu y
criiggioHoweHHi 1:1 3a dornomozoro miwarnku. Y 0ocidi sukopucmosysanu 08oMicsa4HUX Binux muwel
macoro 18-22 2 no 6 meapuH y KOHMpPOosibHUX ma A0oC/iOHUX epyrnax. TeapuH 3apaasu eHympili-
HbOOYepPesUHHO cycrieH3ieto epubie Candida albicans 20 mnH knimuH ma Candida tropicalis 60 mnH
KnimuH 6 o6’emi 1 mn. Hepes 5 0i6 muwam 8HympilWHbLOM 513080 8800UIU acoyiliogaHi aHmuaeHuU
knimuH epubie Candida y 06’emi no 0,2 mn. Yepes 14 0i6 nosmoprosanu yro rnpouyedypy. TeapuHam
Y KOHMPOIbHIl epyni 8800uU cmepusibHUU i30moHiyHUl po3quH 0,9% Hampito xi1opudy, nicrs 4020
yepe3 14 9i6 nposoduriu 02510 meapuH ma 8u3HadYasnu pe3ynbmamu. 3a pedyrnsmamamu 00CiOKeHb
8cmaHoereHo, Wo odepixkaHi acouitiosaHi aHmueaeHu KrimuH epubie Candida 3abeaneyytombs mepa-
nesmuyHul ecpekm y 100% meapuH rpu 8HympiuIHbOM 1I3080MYy 88e0eHHI 8 06°emi 0,2 mi1.

WU3YYEHUE TEPANEBTUYECKOIO OENCTBUA ACCOLUMUPOBAHHbIX AHTUFEHOB
KNETOK FrPUBOB CANDIDA ALBICANS U CANDIDA TROPICALIS

H.B.Pbi6ankuH

Knroveenble crnoea: kaHOUGaMUKO3;, aHMuU2eH,; 8aKUuHa, meparusi

Candida ebi3bigaem wupokuli duana3oH UHGeKUUL: om He3Ha4umersibHbIX 3aboriesaHuli KoXu U Criu-
3ucmbix 060r104eK 00 UHBA3UOHHbLIX MPOUECcCo8, KOmopbie Mo2ym fopaxamb rnpakmu4YecKu ece op-
eaHbl. Paspabomka eakyuHbl npomue kaHOudaMuKo3a s1685155emcsi akmyarsibHbIM 801POCOM CO8pe-
meHHoU hapmayuu u meduyuHbl. CycrieH3uu kremok epuboe Candida albicans u Candida tropicalis
rnodsepearnu Oelicmeuto yribmpa3sgyka, churibmposasnu Yyepes membpaHy «Bnadurop» M®OA-MA Ne3
¢ pasmepom riop 10 kla, nposodunu rpedsapumerbHyO U cmepunusyrowyro gpunsmpayuto. lony-
YeHHble CmepuribHbIe OYUUWEHHbIE aHmMu2eHbl Kremok epuboe Candida albicans ¢ koHUeHmpauuet
benka 3 me/mn u Candida tropicalis ¢ koHUeHmpauuet 6enka 5 ma/mn cmewusanu 8 COOMHOWeEHUU
1:1 ¢ nomowbto Mewarku. B skcniepumeHnme ucrionb3o8anu d8yxmecsiyHbIx 6eribix Mbiuiel maccou
18-22 2 no 6 xu8oMHbIX 8 KOHMPOILHOU U uccredyemol epyrnnax. KUBOMHbIX 3apaxkanu eHympu-
bprowuHHo cycrieH3uel epubos Candida albicans 20 mnH knemok u Candida tropicalis 60 MiH Krie-
mok e obveme 1 M. Yepes 5 cymok Mbiluam 8HymMpuUMbILWEYHO 8800U/IU aCCOUUUPOBaHHbIE aHMuU-
eeHbl Kriemok epuboe Candida e ob6beme 0,2 mn. Yepes 14 cymok nosmopsiniu amy rpouedypy.
XKuesomHbiM 8 KOHMPObLHOU epyrne 8800uUIU cmepusbHbIU U3omoHuYeckul pacmeop 0,9% Hampusi
xmopuda. Nocre yezao Yyepes 14 cymok nposodusiu OCMOMP KUBOMHbIX U Oripedesnsisiu pesynbmameai.
CoenacHo pesyrnbmamam uccredo8aHusi ycmaHOo8/1eHO, YMO 01yYeHHbIe acCcoyUUpPO8aHHbIE aH-
mueeHb! kremok epuboe Candida obecrieuugsarom mepanesmudeckuli agpgpekm y 100% Xue0mHbIX
rnpu eHympumMbluiedHoM ggedeHuu 8 obreme 0,2 mii.
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3azanvni nonosxcenns

Kypnan «Bicauk apmartii» myOiikye opuriHaibHi cTar-
Ti, IPUCBSTYCH] TEOPETHYHUM Ta NPAKTUYHHUM JOCATHEHHIM
y raiys3i ¢papmariii.

Jlo po3misity NpuiiMaloThCst OpUriHabHI crarTi (0 10 cTopi-
HOK), IPUCBSYCHI MpoOIeMaM yIpaBIliHHS Ta eKOHOMIKH (ap-
Mallii, CHHTE3Y, aHaJIi3y, TEXHOJIOT11, TOCITIPKSHHIO O10JIOTTYHOT
AKTHBHOCTI ()i310JIOTIYHO aKTHBHUX PEYOBHH Ta JIIKAPCHKUX
TIpenapariB, eKCIIEPUMEHTAbHIH Ta KIHIYHIN (apMaKkoIorii,
1[0 MICTATh TCOPETUYHI a00 CKCIIEPUMEHTANIbHI PE3yIIbTaTH
JIOCITIJDKEHD, SIKi He OyJr OIyOTiKOBaHi paHiIe.

Crarri, BificiaHi aBTOpaM Ha BUIIPaBJICHHS, IOBUHHI Oy-
TH MTOBEPHEHI JI0 peaKIii He Ti3Hille, HDK yepe3 2 THXKHI Micis
oznepxkaHHs. [Ipyu nepeBuILeHH] 3a3HaYE€HOTO CTPOKY PYKOIIHC
Oyze mepepeecTpOBaHHMI SIK TAKHH, 1110 HAAIHIIIOB 3HOBY 3 BiIIO-
BIJTHOIO 3MIHOIO JIaTh MOTO BUXOMY y CBIT. B aBTOpCHKIil KOpek-
Typi JOIyCKa€eThCs BUIPABIICHHS JIMIIE TOMIJIOK HaOOpYy.

CrarTi TOBUHHI MICTHTH TaKi €JIEMEHTH: TIOCTAaHOBKA TIPO-
OJieMH y 3arajlbHOMY BUIIISII Ta i1 3B°5130K 13 BAXKJIMBUMU Ha-
YKOBUMH Y¥ MPAKTUYHUMH 3aBJAHHAMH; aHAJII3 OCTaHHIX J0-
CITi/DKEHB 1 MyOITiKaIiif, B IKUX 3aII09aTKOBAHO PO3B’SI3aHHSA
JlaHoi MPOOJIEMH 1 Ha SIKI CIIUPAETHCS aBTOP, BUAJICHHS He-
BUPILIEHHUX paHille YaCTHH 3arajbHOi IIPOOIEeMH, SIKUM TIPH-
CBAYYETHCS O3HAUCHA CTATTS; (OPMYITIOBAaHHS IIiJIeH CTATTi
(mocTaHOBKa 3aBAaHHs); BUKJIaZ OCHOBHOTO Marepiaiy J10-
CITIJUKEHHS 3 TOBHUM OOIDYHTYBAHHSIM OTPUMAHHX HAayKOBHX
pe3ynbTaTiB; BUCHOBKH 3 TAHOTO TOCIIKCHHS 1 MEPCIeKTH-
BH TO/[AJIBIIMX PO3POOOK y HAHOMY HATIPSIMKY.

Ilpeocmasnenns cmameii

CrarTi moJaroThCs A0 peaakiii y JBOX eK3eMIULIpax i
CYIPOBODKYIOTHCSI HAITPABJICHHSM BiJl OpraHi3ailii, B sIKiii BU-
KOHaHa po0oTa, Ha iM’sI TOJIOBHOTO PEJaKTOpa Ta EKCIepT-
HUM BHCHOBKOM, SIKHH JI03BOJISIE BIAKPHTY IyOnikauito. Jlpy-
M €K3eMIUISIp CTATTI MiINUCYEThCSl BCIMa aBTOPaMHU.

ABTOpH CcTaTe, MOAaHUX A0 peAaKuii [uis myOmikamnii B
JKypHaJIi, CBOIMU 0COOMCTHMHU MIANMCAMH Ha IPUMIPHUKAX
pyKoanm CTaTel 3aCBiAuyIOTh:

3TO/ly Ha BEICHHS PEJaKLi€ro O0IIKy HEOOXIXHHUX JUIs

00poOku crateit ocoductux nanmx aropis (I1Ib, yde-

HE 3BaHHS, YYCHUH CTYMiHb, I0CaAa Ta Miclie pobOTH,

azipeca JuIsl JTMCTYBaHHs, poOounii TenedoH, eneKkTpoH-

Ha TIOIITA) 3 METOI0 3a0e3MeueHHs BiTHOCHH Yy cdepi

IpaBa IHTEJIEeKTyalbHOI BIACHOCTI, B TOMY YHCIIi aBTOP-

CBKOTO TIPaBa;

*  103BLN Ha myOmikamiro ocoducTux nannux aBropis (116,
yueHe 3BaHHsI, YUEHHI CTYIIHb, Miclle poOOTH, poOoUHii
Tesne)oH, eEKTPOHHA TTOIITA) B XKypHAJII Pa3oM 31 CTaTTEro;

*  3rOIy Ha ONPMITIOIHEHHS MOBHOI €JIEKTPOHHOI Bepcii cTar-
Ti (a00 pedeparis crarri) Ha caiiTax HamionansHoro dap-
MaleBTHYHOTO yHiBepcuTeTy, HamionansHoi 6i06mioTekn
Vkpainn im. B.I.BepHancekoro Ta iHIMHIX mopTanax Hay-
KOBOI NEpiOIMKH 3 000B’I3KOBUM 3a3HauCHHSIM Ta 30e-
PEKEHHSIM 0COOMCTHX HEMAHHOBHX aBTOPCHKHX ITPaB.
Jlo pykommcy n0maeThesl aHITIOMOBHHUM BapiaHT CTATTi IS

po3milieHHs Ha caiiti HDayV.

Jlo crarTi Ha OKPEeMOMY apKyIli JOAAIOTHCS BITOMOCTI
PO aBTOPIB, AKI MICTATH: yUeHe 3BaHHS, YUCHUH CTYIIiHB;
Mpi3BHILE, iM’s Ta 10 6ATHKOBI (ITOBHICTIO); Miclie podoTH
Ta mocasny, siky o0iiiMae aBTop; azpecy, HOMepH TeJae]oHiB i
¢axciB, E-mail st nrctyBaHHS.

JlonarkoBo HEOOXiHO BUCIIAHU €NIEKTPOHHY BEPCIlO Py-
Korucy (3a agpecoro: press@ukrfa.kharkov.ua)

Ogpopmnenns pykonucie

Tekct crarti apykyeTbest keriiem Nel4 wepes 1,5 intep-
BaM Ha apkyi ¢opmary A4 (mmpuHa MOJIiB: 31iBa — 3 CM,
cipaBa — 1 cM, 3BepXy Ta 3HH3Y — 10 2 CM) i IOYWHAETHCS 3
takux qanux: YJIK, Ha3Bu CTATTI, iHIIIaiB Ta MPI3BUII BCIX

aBTOPIB, HA3BM OpraHi3alliil, B SKMX BUKOHaHa poboTa, repe-
JIKY KJIIOYOBHX CIIB (TIOHATH) Y KUIBKOCTI 5-8 yKpaiHCBKOIO,
POCIHCHKOIO, aHTTIIFICHKOI0 MOBAMH.

ABTOpH NOBUHHI IOTPUMYBATUCh 3aTraJIbHOTO TUIAHY I10-
Oy/IOBH CTaTTi.

1. Beryn. MicTuts oCTaHOBKY npo0iemy,  KOPOTKHiA O
paHille HaJPyKOBaHNX POOIT y AOCII/DKyBaHiii raiysi, 3a3Ha-
YaeThCs aKTYIbHICTh TEMAaTHKH, METa POOOTH.

2. ExcriepumenTansHa yactuHa (Matepiann Ta METOIN).
MiCTUTB OITMCaHHS BUKOPUCTAHUX a00 pO3POOJICHIX METOAMK,
TIPHIIA/IB T2 yMOB BUMIpIOBaHHS. B XiMIYHNX METO/IMKaxX BKazy-
IOTb KUTBKICTh PEareHTiB y MOJIFHHX Ta MACOBHX OIMHUILIX (IUTS
KaraJizaropiB — Macy Ta MOJIbHI BIJICOTKH), 00’ €MH PO3YUHHH-
KiB, KUTBKICTh Ta BUXOJIH OJICPYKAaHMX CIIONYK. J{jist Beix Brepiie
CHHTE30BaHMX CIONYK ITOBUHHI OyTH HaBeJCHI TaHi eIeMEHT-
HOTO aHaJti3zy abo Mac-CrieKTpa BUCOKOTO po3pi3HeHHs. B emiti-
puaHKX OpyTTO-(hopMyIIax eneMeHTH PO3MIIILYIOTh 32 CHCTEMOIO
Chemical Abstracts: C, H Ta mai 3riHO 3 TaTHHCHKIM a(haBiTOM.

3. Pesynbraru Ta ix o0roBopeHHs. MicTATh pe3ysbTaTi
JOCTIKCHB, 3pO0JICHIX aBTOPOM. 3MICT poOOTH HEOOXiTHO
BUKJIAJIATH SICHO Ta CTUCIIO, YHHKAIOYH BITOMHX IOJIOXKEHB,
TIOBTOPEHHSI Pe3yJbTaTiB y TEKCTi, TaONMUIsX 1 pucyHkax. Jls
XIMIYHHX CIIOJYK, BIIEPIIE OMHMCAHHUX Y CTATTi, a00 THX, L0
€ OCHOBHHM 00’ €KTOM JOCIiPKEHHS, KpiM (OPMYIIH HaBO-
JUTHCS TIOBHA Ha3Ba 3rijiHO 3 HOMeHKIaTtyporo [UPAC.

4. BUCHOBKH.

5. Ilepenik BUKOPUCTAHOI JIiTEpaTypH, PO3TAIIOBAHO1
3a aJihaBiTOM (CrOYaTKy KMPHIIULI, TIOTIM — JJATMHCHKUH IPUQT).
[Tpucrareitnuii CIIUCOK JIiTEpaTypy MOBUHEH MICTHTH ITyOITi-
kamii 3a octarHi 10 pokiB. binem parni my6mikarii gormyc-
KalOThCsl JIMIIE B OCOONMBUX BHMaakax; 60% JiteparypHux
JpKepelt IOBUHHI OyTH 1HO3eMHOIO MOBOIO (JIATHHUIIS).

Ha xoxHy po0OTy y CIIMCKY JiTepaTypu MOBHHHA OyTH
3po0JicHa BiJICHIIKA B TEKCTI PYKOIIUCY.

CrarTsi CynpoBOJDKYETHCS TPhOMa pedeparaMu yKpaiHCh-
KOO, POCIHCHKOIO Ta aHITICHKOIO MOBAMH Y BUIVISII PO3ILIH-
penoi anorauii oocsrom 200-220 ciniB. Pedeparn noBunHi
MictutH iHnekc Y/IK, Ha3By craTTi, iHimiamu Ta Mpi3BHIIA
BCiX aBTOpiB, Ha3By ycTaHOB (-n). Pedepatn matoTs OyTH iH-
(bopmaTHBHUMHU (HE MICTUTH JIMILIE 3araibHi (pasu), 3MiCTOB-
HHUMH, CTPYKTYpPOBaHUMH (IIOBTOPIOBATH JIOTIKY ONHCAHHS pe-
3yIBTATIB Y CTATTi), IAKOHIYHUMU 1 YITKUMH, 3 TICPEKOHIIH-
BUMH (POPMYITIOBAHHSIMH.

DopMyITH CTIONYK TTO/IAI0THCSI OKpeMUMH (haiimaMu y Gop-
mari Corel Draw 13; Chem Win, ISISdraw; niarpamu Ta pu-
cynku — y popmati Excel a6o Corel Draw 13; pucyHku y Bu-
i ororpadiii MoxxyTs OyTH nipesctasineHi daiinamu TIFF
300-600dpi Gray Scale (256 rpanariii ciporo). Illupura rpa-
(igHOrO Marepiany rnoBuHHa OyTn pozmipom 8,4 cm abo 17,4 cm.
300pakeHHs HAa PUCYHKaX Ta B TAONUIIAX CTPYKTYPHHUX (Gop-
MyJ HebaxaHe.

VY cTarTsiX MOBMHHA BUKOPHUCTOBYBAaTHCh CUCTEMA OJM-
aunp Cl.

PucyHKH Ta migNHCH 10 HUX BUKOHYIOTH OKPEMO OJHH
BiJl OJIHOTO; MIAMHKCH 10 BCIX PUCYHKIB CTATTi MOIAIOTHCS HA
okpemMoMy apkymii. Ha 3BopoTHOMY 0011 KOXXHOTO pHCYHKa
MIPOCTHUM OJIIBIIEM BKa3y€ThCS HOT0 HOMEp Ta Ha3Ba CTaTTi, a
B pasi HeoOX1THOCTI — BEPX 1 HU3.

Tabnuii moBuHHI OyTH HAaApYKOBaHI Ha OKPEMHX apKy-
LIax i MaTH Hymepauito i 3aroosku. Ha nomsix pykommcy
HEOOXiHO BKAa3aTH MiCLe PO3MILLCHHS PUCYHKIB 1 TaOIHLb.
Indopmartis, HaBeeHa y TaOIMIX 1 HA PUCYHKAX, HE IOBUH-
Ha JTyOIIOBaTHCS.

Pyxonucu, odopmieHi 6e3 1oTpruMaHHs BKa3aHUX Ipa-
BIJI, peNIaKIlisi HE PEECTPYE Ta HE MOBEPTAE aBTOPAM.

[NepeqmiaTHuii iHIEKC y KaTamo3i « YKPIIOIITay I 1HIU-
Bi/lyanibHUX nepeariaTHukiB 74102, s mianpremcts — 74103.
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