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DEVELOPMENT OF THE FORMULATION
OF “ARTPROMENT®” COMBINED GEL
FOR APPLICATION IN SPORTS MEDICINE

0O.S.Shpychak, O.1.Tikhonov

National University of Pharmacy
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Based on the data of pharmaco-technological and physico-chemical studies conducted the formulation
of the gel with the anti-inflammatory and local anesthetic action under the conditional name “Arthro-
ment®” has been theoretically and experimentally substantiated in the pharmacy and industrial con-
ditions. It is intended for application in a complex treatment of mechanical injuries and post-traumatic
inflammations of extremities soft tissues, diseases of the locomotor apparatus (tendons, muscles
and joints), musculoskeletal injuries that are characteristic for sports medicine and sports during the
rehabilitation period such as bruises, dislocations, sprains, ruptures of ligaments, tendons, etc. The objects
of research were model samples of “Artproment®” gel, which includes such active pharmaceutical
ingredients (APhI) in its composition as propolis phenolic hydrophobic drug, articaine hydrochloride,
menthol (levomenthol) and rosemary oil, as well as the following excipients: a gelation agent (Ultrez-10
NF carbomer), a neutralizer (trometamol), a preservative, nonaqueous solvent (propylene glycol),
ethanol and purified water. The results of the experimental research were used when developing
the technological process flowchart for preparing “Artproment®” gel in the conditions of pharmacy
production and standard operating procedure on the drug studied. Taking into account the physico-
chemical properties and according to the research results on solubility of APhl in the composition of the
drug the technological process flowchart for manufacturing the combined gel industrially and the project
of manufacturing instructions have been developed; technological parameters of its manufacturing
have been substantiated;, the optimal amount of solvents required for performing each technological
stage has been calculated taking into account the solubility of the gel components, consequence
and phasing of their mixing, temperature and other parameters affecting the quality and stability of
the drug; and the formulation of “Artoroment®” combined gel has been tested in the pharmacy and

industrial conditions.

Diseases of organs of the locomotor apparatus formed
and progressed due to injuries obtained during physi-
cal exercises and sports are widely distributed among
sportsmen of different age groups and are of socio-
economic importance for sports medicine as a whole
[11, 15, 20]. The question of pharmacotherapy of pro-
tracted and chronic injuries of sportsmen accompanied
with unbearable pain, as well as their rehabilitation and
rapid recovery of physical performance in the shortest
possible time is particularly pointed [10, 16, 17].

At present there is a considerable list of medicines
of local application for treating the pathology mentioned
above in the arsenal of a practicing doctor in sports medi-
cine; however, most of them act only for a short period
of time or exhibit undesirable side effects [21]. Taking
into consideration the advantage of medicines for local
application, in particular in the form of gels, as well as
the nature of inflammatory processes and diseases of
the locomotor apparatus, the topical problem of medi-
cine and pharmacy is creation of a new effective drug of

domestic manufacture with the anti-inflammatory and
local anesthetic action for treating the given pathology.

Our efforts are under way to develop a new com-
plex drug in the form of gel under the conditional name
“Artproment®” on the basis of synthetic substances and
compounds of the natural origin, in particular apicul-
ture products, for treating traumas and diseases of the
locomotor apparatus that mainly occur in sports medi-
cine [5, 6].

In the previous studies the rational composition of
the drug in the form of combined gel was developed, the
study of structural-mechanical and technological proper-
ties of model samples was conducted with the purpose
of selecting the base for the gel under research, the choice
of a gelation agent and its concentration have been sub-
stantiated, as well as the indicators of quality control
were determined, they were included to the project of
quality control methods on the drug developed [7, 8].

Based on the results of pre-clinical experimental
studies of the specific pharmacological action, the marked
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Table

Solubility of active pharmaceutical ingredients of “Artproment®” combined gel in some solvents

Solubility of API
No. Solvent PPHD hyg::)lccsllgreide Menthol Rosemary oil
1 |Purified water Practically insoluble Readily soluble Practically insoluble | Practically insoluble
2 |Glycerine Moderately soluble Practically insoluble Slightly soluble Practically insoluble
3 |PEO-400 Slightly soluble Practically insoluble Slightly soluble Practically insoluble
4 | Propylene glycol Readily soluble Practically insoluble Slightly soluble Practically insoluble
5 |96% Ethanol Moderately soluble Readily soluble Readily soluble Readily soluble

®

analgesic and local anesthetic action of “Artproment
combined gel, as well as its anti-edema action expressed
at the level of 40-50% have been determined and its
safety has been experimentally substantiated [9].

One of the important factors affecting the therapeutic
action of the drug developed and its quality, as well as pro-
viding the satisfactory consumer characteristics, is de-
velopment of the rational scientifically based formula-
tion. Therefore, the technological process of manufacture
should consist of the optimally planned systemic approach
to complex experimental research conducted at the stage
of the pharmaceutical development of the drug studied,
and it influences on the final result of its quality and sta-
bility during storage [14].

The aim of this work is the experimental develop-
ment of the scientifically based formulation of the com-
bined gel with the anti-inflammatory and local anesthetic
action under the conditional name “Artproment®” for
application in a complex treatment of mechanical in-
juries and post-traumatic inflammations of extremities
soft tissues, diseases of the locomotor apparatus (ten-
dons, muscles and joints), musculoskeletal injuries that
are characteristic for sports medicine and sports during
the rehabilitation period such as bruises, dislocations,
sprains, ruptures of ligaments, tendons, etc., in the phar-
macy and industrial conditions.

Experimental Part

The objects of research were model samples of “Art-
proment®” gel including such active pharmaceutical in-
gredients (APhI) in its composition as propolis phenolic
hydrophobic drug (PPHD) batch No. 391011) “Zdoro-
vya” Pharmaceutical company, Ltd., Kharkiv; articaine
hydrochloride (batch No. 159.166) Societa Italiana Me-
dicinali Scandicci (SIMS), Italy; menthol (levomenthol)
batch No. NE-432-2009) Vaishali Pharmaceuticals, In-
dia; and rosemary oil (batch No. 1611211) Zolotoniska
Perfumery-Cosmetic Factory, OJSC, Zolotonosha; as well
as the following excipients: a gelation agent — Ultrez-10 NF
carbomer (batch No. 0101078466) “Lubrizol”, Belgium,
a neutralizer — trometamol (batch No. 8386D050) “Merck
KGaA”, USA, a preservative, nonaqueous solvent — pro-
pylene glycol (batch No. ACG/QD-111122A) “Arrow
Chemical Group Corp.”, China, ethanol and purified
water [5, 6, 7].

In order to determine the optimal technological pa-
rameters the standard laboratory equipment required for
manufacturing soft medicines (stirred minireactor, homo-
genizer, etc.) was used. The formulation of the gel de-

veloped was tested in the pharmacy and industrial con-
ditions; its experimental substantiation was based on the
results obtained from organoleptic, physico-chemical and
pharmaco-technological studies.

Results and Discussion

To solve the goal set at the first stage of the experi-
mental research it was necessary to obtain a stable gel
system, which was prepared by dispersion of a gelation
agent — Ultrez-10 NF carbomer in 1/3 part of purified
water at the room temperature and constant stirring for
one hour with a previously dissolved preservative in it. It
is known from the literary sources that the main advan-
tage of Ultrez-10 NF carbomer is the fact that it requires
no special conditions for its dissolution and increase of
the temperature conditions [1, 12, 18]. However, according
to some data in order to avoid the formation of lumps
when preparing the aqueous solutions of carbomer the
powder should be layered on the surface of water through
the sieve [4].

After obtaining the aqueous solution of carbomer
trometamol was added several times and mixed gradu-
ally in order to obtain the gel base [13], as well as to
neutralize the solution obtained (to prevent the forma-
tion of air bubbles). It should also be noted that in in-
dustrial conditions after neutralization of carbomer so-
lution with trometamol the gel obtained is placed under
vaccume in the reactor to remove air bubbles [4].

For rational introduction of API and excipients to
the composition of the gel base we studied solubility of
active substances in some solvents permitted to medi-
cal use. The results of the APhI solubility of “Artpro-
ment®” combined gel are given in Table.

When dissolving PPHD in different solvents (Table)
it has been found that according to the quality parameters
for this substance described in FS 42U-34-20-95 and
AND-DV-SP-090 of “Zdorovya” Pharmaceutical com-
pany, Ltd., Kharkiv PPHD is a hydrophobic substance,
which is soluble in 96% ethanol and practically inso-
luble in water. However, the results of the experiment
have shown that the given substance is more readily
soluble in propylene glycol than in 96% ethanol; it has
been considered when developing the formulation of
the drug under research.

The study of articaine hydrochloride solubility has
shown that this APhI is more readily soluble in purified
water than in 96% cthanol. Thus, we have decided to
prepare the aqueous solution of the substance, which
unlike the alcohol solution does not form a white pre-
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Fig. 1. The technological process flowchart for manufacturing “Artproment®” combined gel in the pharmacy conditions.

cipitate in the form of insoluble particles of the sub-
stance.

As menthol is readily soluble in the alcohol solution [2],
it is dissolved in 96% ethanol; then rosemary oil is add-
ed with constant stirring till obtaining a homogeneous
transparent solution since it is practically insoluble in
water and hydrophilic solvents.

The results of the experimental research were used
when developing the technological process flowchart
for manufacturing “Artproment®” combined gel in the
pharmacy conditions (Fig. 1) and the standard operating
procedure on the drug under research. Taking into ac-
count the physico-chemical properties and the study of
APhI solubility in the composition of the drug the tech-
nological process flowchart for manufacturing “Artpro-
ment®” gel in the industrial conditions has been also
developed. It consists of the stage of preparatory work,
the stages of the main production process, the stages of
packing, labeling and delivery of the finished product to
the warehouse; their brief description is given further.

It should also be noted that while making the tech-
nological process flowchart for the drug developed the op-
timal amount of solvents that are necessary to perform
each technological stage has been calculated taking into
account solubility of the gel components, sequence and
phasing of their mixing, temperature and other param-
eters affecting the drug quality and stability.

The technological process flowchart for manufac-
turing “Artproment®” in the industrial conditions is pre-

sented in Fig. 2 where the critical parameters and criti-
cal stages, indicators that are directly controled in the
process of manufacture of the combined gel are given.

The stage of preparatory work for manufacture consists
of preparation of the premises, equipment and apparatuses,
staff, raw material and materials, checking the necessary
documentation. The raw material used for preparing the gel
is subject to the initial control, after that it is brought on the
site using transport trolleys and transferred to stages 1-5.

Stage 1. Preparation of PPHD solution

Load propylene glycol and PPHD previously weighed
into the collector using balances into the reactor using
vapour, heat the mixture with constant stirring to the tem-
perature (60+5)°C. Continue stirring to the complete dis-
solution of PPHD for (10£2) min, then cool the reactor
to the room temperature.

Stage 2. Preparation of solution of articaine hy-
drochloride

Weigh articaine hydrochloride into the collector us-
ing balances and load into the reactor, measure the re-
quired amount of purified water, load into the reactor,
after that switch on the blade paddle mixer and mix till
complete dissolution of articaine hydrochloride.

Stage 3. Preparation of solution of menthol and
rosemary oil

Weigh menthol into the collector and add ethanol,
load into the reactor, switch on the mixer and mix to
form a homogeneous solution. Then weigh rosemary
oil into the collector, load into the reactor to the alcohol
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Fig. 2. The technological process flowchart for manufacturing “Artproment® combined gel in the industrial conditions.

solution of menthol and again mix carefully using the
mixer. After obtaining the ethanol solution of menthol
and rosemary oil, load the solution of articaine hydro-
chloride previously prepared in another reactor from
stage 2 using vacuum, switch on the blade paddle mixer
and mix to form a homogeneous mass.

Stage 4. Obtaining of the gel base

To obtain the base measure the required amount of
purified water into the reactor and from the collector
take the preservative previously weighed on balances,
then switch on the mixer and mix the mixture for 3 min.
Perform dissolution of the preservative at the room tem-
perature. In the same reactor load gradually by small
portions a gelation agent (carbomer) previously weighed
on balances from the collector and allow to stand for
one hour. In an hour mix a dispersed gel in the reac-
tor with the mixers switched on till the formation of a
homogeneous dispersion, which is controlled visually
for uniformity and absence of sticky lumps.

To prepare the gel carry out neutralization of carbomer
dispersion directly in the reactor with constant stirring (the
rate of rotation of mixers — 800 rpm). To achieve gelation
with the help of vacuum load gradually the required amount
of trometamol solution in several stages(individual por-
tions) [19]. After introduction of each portion of trometamol
mix the mass in the reactor with gate-impeller and blade
paddle mixers for 2-3 min and determine the pH level.

Mix the mixture obtained for 20 min with simulta-
neous adding of vacuum till the formation of a homo-
geneous, colourless, transparent gel base, control for
uniformity and again determine the pH level.

Stage 5. Obtaining of the gel

To the reactor with the base with the help of vacuum
load the mixtures of dissolved substances previously
prepared at stages 2 and 3, switch on the gate-impeller
mixer and mix thoroughly to obtain the homogeneous
gel, then add the solution of PPHD previously prepared
to propylene glycol from another reactor using vacuum.
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Stage 6. Homogenization

Switch on the gate-impeller mixer and perform ho-
mogenization of the mixture obtained for 20 min to form
a homogeneous gel with simultaneous vacuumizing in
order to avoid the aeration process in the drug obtained
[3]. Pump the gel obtained into the collector using a
pump, take test samples from its various areas, control
the mass of the gel obtained on balances, carry out anal-
ysis of the drug intermediate product and transfer to the
stage of dispensing of the gel in tubes.

Stage 7. Dispensing of the gel in tubes

From the collector transfer the gel into the bin of the
automatic tube filling machine using vacuum and dispense
in tubes with a bouchon 30.0 g each. Control accuracy of
the dose by balances, machine performance, correctness of
printing and labeling on the tube (batch number, shelf-life).

Stage 8. Packing of tubes in packs

Pack the tubes with the patient information leaflet
in packs using automatic packing line. Control the com-
pleteness of the pack (tube, patient information leaflet,
bouchon).

Stage 9. Packing of packs in boxes

Perform packing of packs in boxes on the automatic
packing line. Form the batch of the finished product on
the basis of one loading of the reactor-homogenizer.

CONCLUSIONS

1. Based on the pharmaco-technological and physi-
co-chemical studies conducted the formulation of “Art-
proment®”’ combined gel with the anti-inflammatory and
local anesthetic action has been theoretically and experi-
mentally substantiated. It is intended for application in
a complex treatment of mechanical injuries and post-
traumatic inflammations of extremities soft tissues, dis-
cases of the locomotor apparatus (tendons, muscles and
joints), musculoskeletal injuries that are characteristic
for sports medicine and sports during the rehabilitation
period such as bruises, dislocations, sprains, ruptures of
ligaments, tendons, etc.

2. According to the research results the technologi-
cal parameters for manufacturing the combined gel (con-
ditions of preparation, sequence of mixing, temperature
conditions, etc.) have been substantiated; on their basis
the technological process flowcharts for its manufactur-
ing in the pharmacy and industrial conditions have been
developed.

3. The results of the experimental research have been
used when developing the projects of manufacturing in-
structions and standard operating procedure on “Artpro-
ment®” gel, and the technology of its manufacturing has
been tested in the pharmacy and industrial conditions.
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PO3POBKA TEXHOJNOIIT KOMBIHOBAHOIO IENIO «<APTIMPOMEHT®» ONA 3ACTOCYBAHHSA
B CMOPTUBHIA MEQULIHI

O.C.lWnuyak, O.l.TuxoHoE

Knroyoei crioea: mpasmu opeaaHie pyxogo20 anapamy; KoMbiHoO8aHUU 2e/1b; MEXHO0z2is 2erlie;
criopmugHa MeduuyuHa

Ha nidcmasi nposedeHux chapmMakomexHorno2iyHux ma hisuko-xiMiyHUx G0CiO)eHb meopemuyHoO
06rpyHmMo8aHoO ma eKkcriepuMeHmarsbHO po3pobrieHO 8 anmeyHUX yMogax ma 8 ymoeax fpomMucrio-
8020 8UPOBHUUMBa MexHoIoz2ito su2omosrieHHs KoMbiHo8aHO20 eeflto npomusarnasbHol ma micye-
goaHecme3aytoyoi Oii rid yMo8HOK Ha380t0 «ApmrpomeHm®» Orisi 3acmocye8aHHsI 8 KOMIMIIEKCHOMY
JliKy8aHHI MexaHIYHUX MOWKOOXeHb i mocmmpasMamuy4HUX 3ananeHb M’SKUX MKaHUH KiHYieok, 3a-
X80pto8aHb OpP2aHie pyx08020 arapamy (CyxoxXursib, M’s3i8 ma cyanobig), M’s13080-CKETeMHUX mMpaem,
XxapakmepHux 0518 criopmugHoi MeduuyuHU i criopmy & peabinimauitiHomy nepiodi: 3abummsi, susuxu,
pPO3Ms2HEHHS, pO3PUBU 38°A30K, CyxOoxurb ma iH. O6’ekmamu docsiiOxxeHHs1 6yrnu MoOesbHI 3pa3ku
eerno «ApmnpomeHm®», 0o cknady s5K020 8xo005mb akmugHi ghapmayesmuyHi iHepedieHmu (ADI):
gheHornbHUL 2i0poghobHUl nMpernapam npororicy, apmukaiHy 2i0poxio0pud, MeHmor (1eeoMeHmorl)
ma po3mapuHoea Orlisi, a makox OOrNOMIXKHI pe4yosuHU: eerleymeoptosay (kapbomep Ultrez-10 NF),
Helimpanizamop (mpomMemamori), KOHCep8aHm, HeBOOHUU PO3YUHHUK (MPOorineHaiKonb), emaHos
ma eoda oyuweHa. Pesynbmamu ekcriepumeHmarbHux 00CnidxeHb bysiu aukopucmani npu po3pob-
ui 6510K-cXeMu MexHOI102i4HO20 MPOUECY 8USOMOBIIEHHS 2€/1H0 «ApMIpPoMeHmM®y 8 ymosax armey-
HO20 8UPOBHUYMEBa ma mexHOM02i4YHOI IHempyKuii Ha docnidxysaHul npenapam. 3 ypaxyeaHHIM
izuKko-xiMidHUX erlacmueocmell ma 3a pe3ysibmamamu 8U84eHHs1 po3dyuHHocmi A®I, wo exodsmb
00 cknady nikapcbko2o 3acoby, byrio po3pobrieHO bIIOK-CXeMY MEXHOI02i9YHO20 MPouecy 8UPOBHU-
umea KoMbiHO8aHO20 2er1H0 8 MPOMUCIIOBUX YMOB8axX ma rpoeKm MexHO02i4H020 peariameHmy, 0b-
rpyHMo8aHi mexHoso2idHi napamempu 020 8U20MOBIIEHHS, PO3Paxo8aHO ornmumMaribHy KiflbKicmb
PO34YUHHUKIB, HEOOXIOHUX Or1s IPOB8eOEHHS KOXHOI mexHo102i4Hoi cmadii 3 ypaxysaHHSIM PO34UHHOC-
mi KOMIMOHeHMIg 2es1t0, Noci0o8HOCMI | MoemarnHocmi ix 3Milly8aHHs, memrepamypHUX ma iHWUX
napamempig, Wo enusams Ha sKicmb i cmabinbHicmb rpenapamy, a MmexHos0eiss KoMbiHo8aHO20
eento «ApmnpomeHm®» anpobosaHa 8 anmeyHUX i MPOMUCIIO8UX yMO8ax.

PA3SPABOTKA TEXHOJIOT'M KOMBUHUPOBAHHOIO TEJIA «<APTMIPOMEHT®»

anAa nPUMEHEHUA B CMOPTUBHOUW MEOULUHE

O.C.lWnuyak, A.N.TuxoHo8

Knroueenie crioea: mpasmbl opaaHo8 08u2amernibHO20 arnapama,; KOMOUHUPOBaHHbIU 2€51b;
mexHosioausi eenel; criopmueHasi MeduyuHa

Ha ocHosaHuu nposedeHHbIX hapMakomexHOI02U4eCKUX U bU3UKO-XUMUYECKUX UccriedosaHuli meo-
pemuyvecku 060CHOBaHa U IKCriepuMeHmarsbHO pa3pabomaHa 8 armeYHbIX yCrio8uUsiX U 8 YCI08USIX Mpo-
MbIWITEHHOZ0 Mpou3800cmea MexXHOI02usi U320moesieHuUs KOMOUHUPOBaHHO20 2efisi MPomueosocna-
JlumernibHo20 U MecmHoaHecmesupyrouwe2o delicmeusi oo ycro8HbIM Ha3gaHUeM «ApmnpomMeHm®»
0151 MPUMEHEHUST 8 KOMIIIEKCHOM JIeYeHUU MEeXaHUYeCKUX MoepexoeHul U nocmmpasmamuyecKux
gocraneHull Msigkux mkaHel KoHeYHocmeu, 3abornesaHull opeaHog dgusameribHO20 arnnapama (cy-
XOXUMUU, MbILWY, U Cycmaeos), MbILLEYHO-CKENTeMHbIX MpasM, XxapakmepHbix 071 criopmueHol mMedu-
UUHbI U criopma 8 peabunumayuoHHOM repuode: yuwubbl, 8bI8UXU, PACMSXKEHUSsI, pa3pbi8bl C85130K,
cyxoxunut u 0p. O6bekmamu uccriedoeaHusi bbinu MooesibHble 06pa3ubl 2ensi « ApmnpoMeHm®»,
8 cocmaes Komopozo 8xo05im akmueHble ¢hapmauesmuyeckue uHzpedueHms! (AOU): peHorbHbIU 2ud-
poghbobHbIU npernapam nporonuca, apmukauHa 2udpoxsiopud, MeHmMor (Ie8OMEHMOI) U PO3MapUHO-
80€ Macsio, a makxe ecriomoeameribHbie geujecmsa: ereobpasosameris (kapbomep Ultrez-10 NF),
Helmparnuzamop (mpomMemamori), KOHcepeaHm, He8OOHbIU pacmeopumerisb (MPOonuneHauKors), ama-
Hol u 800a oquueHHas. Pe3ynbmambl akcriepumMeHmarbHbIx uccriedosaHull 6bimiu UCronb308aHbl
npu paspabomke 6/10K-CXeMbl MEXHOI02UYECKO20 rpouecca U320moereHus 2ers « ApmnpomMeHm®»
8 yCJ/108USIX arnme4yHo20 npoussodcmea U MexHOI02u4ecKol UHCMPYKUUU Ha uccriedyembil npe-
napam. C y4yemom hu3UKO-XUMUYECKUX c80OUICMS U M0 pe3yfibmamam u3dy4yeHus pacmeopumocmu
ADU, exodsawux 8 cocmae riekapcmeeHHo20 cpedcmea, paspabomaHa 6r10Kk-cxema mexHosioauye-
CKO20 ripouecca rnpoussoocmea KOMOUHUPOBAHHO20 2€er1s1 8 MPOMbIWIIEHHbIX YCI08USX U MIPOEKM
MexXHOI02U4YeCK020 peariaMeHma, 060CHO8aHbI MEXHOI02UYECKUE rnapaMempbl €20 U320MO8/IeHUS,
paccyumaHo onmumarsibHoe Koru4ecmeo pacmeopumernel, Heobxo0umbix Orisi nposedeHust Kaxxdou
mexHornoeudyeckol cmaduu C y4emoM pacmeopuMocmu KOMIOHEHMOB8 2efis, ocriedoeameribHO-
cmu u noamarnHocmu ux cMewusaHusi, memrepamypHbIX U Opyaux rnapamempos, eusiiouux Ha Ka-
yecmeo u cmabusibHoCMb fpenapama, a MexHoI02usi KOMOUHUPOBAHHO20 2esisi « APMpoMeHm®»
anpobuposaHa 8 arnmeyHbIX U MPOMbIWIIEHHbIX YC/I08USIX.
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THE PARAMETERS OPTIMIZATION OF LIQUEFIED GAS
EXTRACTION OF THE YELLOW BEDSTRAW OVERGROUND
PART BY THE RESPONSE SURFACE METHODOLOGY
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For the first time quantitative effects of liquefied gas extraction temperature, the correlation of the
extractant volume and the raw material mass, humidity and the average size of the raw material
particles have been analyzed in the lipophilic complex (LC) yield from the overground part of yellow
bedstraw (Galium verum L.) using the response surface methodology (RSM). For this research, the
four-factor and the three-level Box-Behnken design has been chosen; it contains four covariates,
namely the extraction temperature — X, the ratio of the extractant volume (ml) and the raw material
mass (g) — X,, the raw material humidity — X; and the average size of the raw material particles — X,
based on the results of one-factor test. Twenty seven experimental studies have been conducted
with three repeats in the centre of the design to assess the proper operational margin of the sum of
squares. The experimental results obtained have been set at the polynomial equations of the second
order using the multiple regression analysis, and analyzed by the corresponding statistical methods.
With the help of solving the regression equation and by means of the analysis of the response sur-
face of contour plots the optimal conditions of the LC extraction have been determined: the extraction
temperature — 35°C, the ratio of the extractant volume (ml) and the raw material mass (g) — 8, the
raw material humidity — 7% and the average size of the raw material particles — 1 mm. It has been
found that the most significant factors for the process under research are the extraction temperature,
the ratio of the extractant volume (ml) and the raw material mass (g), and the raw material humi-
dity. Comparison of the data obtained with the data of literature sources confirms the relevance of
the subcritical difluorochloromethane choice as an extractant for the LC obtaining. Summarizing all
above-mentioned information it may be concluded that the use of liquefied difluorochloromethane for
the LC extraction from the overground part of yellow bedstraw (Galium verum L.) is promising from
the viewpoint of the modern pharmaceutical technology, and the use of the RSM as an instrument for
the process optimization allows reducing the costs for carrying out the pharmaceutical development.

Currently, the increasing interest to extraction of
bioactive substances (BAS) from the overground part of
yellow bedstraw (Galium verum L.) is observed in the
world [3, 7, 8, 10, 21]. For the extraction of complexes
of the plant origin of different composition from yellow
bedstraw, the supercritical CO,, US and extraction in
the apparatus of a Soxhlet type [3, 10, 12] were used.
However, the basic disadvantages of the methods men-
tioned are complexity and the need of large amounts of
the extractant, as well as the cost in time and material
support of the process.

The liquefied gas extraction has a lot of advantages
in comparison with the above-mentioned methods, among
which there are reduced terms of the process and de-
crease in using solvents with a satisfactory target pro-
duct yield [1, 2].

At the same time in many related studies the experi-
ments were carried out empirically by means of chang-
ing some parameters of the extraction process with other
parameters being steady. In the unplanned research, in
addition to the considerable number of tests, spent time
and costs, the regularities among operational character-
istics were not established [3, 8, 21].

The experiment planning is successfully used for de-
termining the most influential factors in the multifacto-
rial systems. The response surface methodology (RSM)
is used for optimization of the process conditions tak-
ing into account the interaction between the factors. The
RSM is a set of mathematical and statistical methods,
which are useful for modeling and tasks analysis where
the result depends on several variables [16]. The most
wide application of the RSM can be found in the ex-
periment planning, in such situations when the number
of input variables impacts the results called responses,
which are not that easy or impractical to depict with
the help of the severe mathematical relation [5, 11, 14,
18-20]. The Box-Behnken design is a modified central
composite design, which does not have fractional facto-
rial points. In such designing, the combinations of vari-
ables are in the centre and the medial points of the edge
plane of variables [9].

The general aim of this work was to use liquefied
difluorochloromethane in the LC extraction from the
overground part of yellow bedstraw and develop the ef-
fective extraction process. The RSM was used for the
extraction conditions optimization (temperature, the ra-
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Table 1
Covariates and their elevations
in the Box-Behnken design construction
Factor level
Covariates Symbol
-1 0 1
Extraction temperature, °C X, 20 35 50
Ratio of the extractant
volume (ml) and the raw X, 2 8 14
material mass (g)
Raw material humidity, % X, 4 7 10
Average size pf the raw X, 025 | 1 1.75
material particles, mm

tio of the extractant to the raw material, humidity and
the average size of the raw material particles).

Experimental Part

The object of the research was the crushed dried
herb of yellow bedstraw collected during the flowering
period [15].

All reagents were of analytical purity.

The experiments were carried out on the experimen-
tal plant developed by us, which provides the extraction
in a closed cycle, and were successfully tested using
industrial equipment.

The liquefied difluorochloromethane was used as
an extractant (freon-22).

The herb of yellow bedstraw (Galium verum L.) was
subjected to extraction; it was crushed to the particles
size of 0.25-1.75 mm with humidity of 4-10%, in the ratio
of the raw material to the extractant of 1:2-1:14, at the
temperature of 20-50°C, for 2 hours, the first 40 min of
which the consumption flow rate of the extractant was
100 ml/min per 1 kg of the raw material, and the rest of
the time the consumption flow rate of the extractant was
reduced twice [4].

After completion of extraction the residual solvent
was distilled, the extracts obtained were removed from
the collector, rinsed by dichloromethane, the washings
were combined with extracts and dried to the constant
weight in the vacuum-drying cabinet at the temperature
of 40°C, and then in the desiccator under phosphorous
oxide (V).

The LC yield Y, %, in terms of the absolute dry start-
ing materials was calculated according to the following
formula:

Vo = me100 o0

" m,-(100-W)

where: m, — is the mass of the LC obtained, g; m, — is
the mass of the weighed amount of the herbal raw mate-
rial loaded to the extractor (s), g; W — is humidity of the
test weighed amount of the raw material, %.

To determine the optimal factors of the LC subcriti-
cal difluorochloromethane extraction from the overground
part of yellow bedstraw the four-factor and three-level
Box-Behnken design was used. The similar designs have
high statistical characteristics of optimality and provide
the same precision of a model in all directions of hy-

perspace at the minimal number of tests [9]. The priory
information showed that the linear models were not
adequate regarding the given extraction process, there-
fore, a task was set to develop a model of the second
order in the form of a quadratic polynomial:

X k k&
Y =8, +zBixi +ZBiixi2 +zzﬁiixixi te,
i=1 i=1

i=1 j=1

where: Y — is the objective function; 5, 5, f,— are the
design coefficients of the model; k£ — is the number of
the factors; ¢ — is uncertainty between the values ob-
served and the predicted values, respectively.

The analysis and the graph plotting were carried out
using the STATISTICA software (Version 10.0 Trial).
After the dispersion analysis the suitability of the poly-
nomial model was determined through the correlation
coefficient R Tts statistical significance was verified
with the help of F-test with the probability of (P) 0.001,
0.01 or 0.05. Significance of the regression coefficients
was also verified with the help of the F-test.

Four covariates were selected, namely, the extrac-
tion temperature — X, the ratio of the extractant volume
(ml) and the raw material mass (g) — X,, the raw ma-
terial humidity — X,, and the average size of the raw
material particles — X,. Covariates’ encoded values are
shown in Tab. 1. Twenty seven experimental studies were
conducted with three repeats in the centre of the design
to assess the proper operational margin of the sum of
squares. We duplicated each experiment and the aver-
age value of the LC yield was taken as the response, Y.
Based on the previous experimental results and values,
which are available in literature, covariates and their
critical experimental elevations were selected as shown
in Tab. 1.

Results and Discussion

The results (Tab. 2) indicate that the process para-
meters significantly influence on the LC yield. Response
values (the extract yield Y, %) under various experi-
mental combinations for encoded variables are given in
Table 2. The yield was from 2.16% to 3.48%.

Using the multiple regression analysis of the exper-
imental data the response and factors are related by the
following second-order polynomial equation:

Y, % = 1.4695 + 0.029233X, + 0.0547X, +
+0.17495X, — 0.08393X, — 0.00025X, —
—0.00075X,* — 0.0117X,> + 0.0557X,* —

~0.0003X,X, + 0.0016X,X, + 0.0016X,X, +
+0.0007X,X; — 0.0126X,X, + 0.0172X,X,,

where: Y, % — is the yield of LC, X, X,, X;, and X, —
are encoded values of the extraction temperature, the
ratio of the extractant volume (ml) and the raw mate-
rial mass (g), the raw material humidity and the average
size of the raw material particle, respectively.

Analysis of variance of quadratic regression model
has shown that the value of the correlation index R? is
0.9347. At the same time the low value of the variabil-
ity index indicates a high degree of accuracy and suf-
ficient reliability of the experimental values.
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Table 2

The four-factor Box-Behnken design
for RSM and responses observed

Experiment, Yield of the
b No. Xy X X X extractY, %
1 -1 -1 0 0 2.16
2 -1 1 0 0 2.52
3 1 -1 0 0 3.24
4 1 1 0 0 3.48
5 0 0 -1 -1 2.68
6 0 0 -1 1 2.88
7 0 0 1 -1 2.99
8 0 0 1 1 3.35
9 -1 0 0 -1 2.83
10 -1 0 0 1 2.78
11 1 0 0 -1 3.45
12 1 0 0 1 3.47
13 0 -1 -1 0 247
14 0 -1 1 0 2.88
15 0 1 -1 0 2.78
16 0 1 1 0 3.24
17 -1 0 -1 0 2.73
18 -1 0 1 0 2.63
19 1 0 -1 0 3.30
20 1 0 1 0 3.48
21 0 -1 0 -1 2.99
22 0 -1 0 1 3.19
23 0 1 0 -1 3.35
24 0 1 0 1 3.33
25 0 0 0 0 3.45
26 0 0 0 0 3.45
27 0 0 0 0 344

Fisher’s test signification is used as a tool to check
significance of each coefficient, which, in its turn, may
indicate an interaction pattern between variables. The
research results showed that the extraction temperature
was the most important parameter that influence on the
LC yield. The ratio of the extractant volume (ml), and
the raw material mass (g), as well as the raw material
humidity appeared to be less important factors. An av-
erage size of the raw material particle does not statisti-
cally influence on the extract yield.

The equation obtained gives us the opportunity of
predicting the corollary of four parameters on the LC
yield. Six independent response surfaces and their cor-
responding counter plots are shown in Fig. 1-2.

Two variables within the experimental range were
depicted in one 3D-superficial portion, while two other
variables were held constant at zero level. Circular or
elliptical shapes of counter plots indicate whether inter-
actions between variables were significant or not [6].

In the case of liquefied gas extraction of overground
parts of yellow bedstraw the average size of the raw
material particle has a negative effect on the LC yield.
There was insignificant decrease in the LC yield with

75,
l’/;;;""
1//,,,’0,/,}0.' KHHEK
NS
Q5

9% 0“"““ “
000

10 PR\

Fig. 1. Response surface plots showing the effect of variables
(A) X; and X;; (B) X; and X;; (C) X; and X,; (D) X, and X;;
(E) X, and X,; (F) X; and X, on the LC yield.
decreasing the size of particles X, to the lower threshold
level (Fig. 1C and 2C). Meanwhile, increase in the ex-
traction temperature (X,) to the central level resulted in
increase in the LC yield as shown in Fig. 1A, 1B and 1C
and 2A, 2B and 2C. At temperatures above this level the
LC yield slightly grows due to the complete depletion
of the raw material. At a temperature of the lower level
the LC yield is low enough; it may be associated with
unsatisfactory extractant characteristics for the process
studied. It has been noticed that the temperature regime
in the central level can be considered as quite thrifty.
Taking into account the results obtained the heating of
the extractant is impractical because of increase of energy
requirement and the raw material overheating, which can
cause destruction of thermolabile BAS.

Insignificant increase in the LC yield occurs even
when the ratio of the extractant volume (ml) and the raw
material mass (X,) was increased in the range from §
to 14 (Fig. 1A and 1D and 2A and 2D). When reducing
the ratio of the extractant volume (ml) and the raw ma-
terial mass the LC yield is reduced, and it indicates the
necessity of using additional portions of the extractant,
which is energy disadvantageous considering the mode
of plant operation for extraction of liquefied gases.

Fig. 1B, 1D and 1F and 2B, 2D and 2F also show
that the LC yield increases with validity of the raw ma-
terial humidity in the core range. It has been found ex-
perimentally that when increasing the moisture content
the LC yield significantly reduces; it can be explained



ISSN 1562-7241

NEWS OF PHARMACY 3(79)2014

13

-
=y

-
=)

Raw material humidity, %
~

=
£

= = >
° N B

Ratio of extractant volume (ml)
and raw material mass (g)
-

PN 2B
o N S
3 NN 0 b N e
15 20 15 20 25 30 35 40 a5 50 55
Extraction temperature, °C
20 ~ 1
— \
g s\ 2 40 S
] AYIAY >
] 1.6 x.\ \ % N
E _ 14 \ 2
z £ \ Sef |
EEn2f | | 2
B 2 10 - s 7
o 2 | ‘ =
N E 0.8 } ‘ % 6 ot
@
o Q06 | E 5 - T =T
/ EY ~ ]
© 0.4 { © = 2
— / 4 S —
7] f o
> 0.2 / i \\\ 3 D _
< 717/ , s S
0.0 / / 0 2 4 6 8 10 12 14 16
% 2 . 0 b 9 4 2 L Ratio of extractant volume (ml)
Extraction temperature, °C and raw material mass (g)
5 20 . _ 20 —
£ © s\ 1\
E 18 > S // .E 8\ \
8 18 G /1 g 18 \
£ N, o/ £ \
£ 14 N, 14 !
% £ N\ / z E \
§ E 12} e / 8 E 12 |
- \ N\ { E;
S 210t \ { S 2 10 |
NE osl ! A\ \ o .2
5%\ “ \ NE os
o 208 \ ! A\ 7] g_ ‘\
o \ / 0% o o6 |
c o4 R - |
/ 04 /
@ e f
ozf | / E|¢ «
>
/ >
<L g0 - g %2 ‘ F
0 2 4 6 8 10 12 14 16 00
3 4 5 6 7 8 9 10 "

Ratio of extractant volume (ml) and raw
material mass (g)

Raw material humidity, %

Fig. 2. Contour plots showing the effect of variables (A) X, and X,; (B) X, and X;;
(C) X, and X,; (D) X, and X;; (E) X, and X,; (F) X; and X, on the LC yield.

by the limited difluorochloromethane absorbency. At
the same time the lack of the raw material humidity also
affect on the LC yield. Such dependence was observed
by researchers [2, 13, 17].

Therefore, based on the abovementioned informa-
tion it can be asserted that an optimal process is extrac-
tion of yellow bedstraw (Galium verum L.) herb crushed
into the particles size of 1 mm with 7% humidity in the
following ratio of the extraction raw material: the ex-
tractant of 1:8, at the temperature of 35°C for 2 hours,
the first 40 minutes the extractant specific consumption
should be 100 ml/min per 1 kg of the raw material, and

the rest of the time the extractant specific consumption
was reduced twice.

CONCLUSIONS

For the first time the effective process for the LC
subcritical difluorochloromethane extraction from the
overground part of yellow bedstraw (Galium verum L.)
has been developed. The four-factor, three-level Box-
Behnken design and the RSM have been applied to op-
timize the extraction parameters. The maximum LC yield —
3.45% can be reached under the optimal conditions found
and experimentally confirmed. The process developed
has been tested in industrial conditions.
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ONTUMI3ALIA NAPAMETPIB 3PIIXEHOIA30BOI EKCTPAKLIT HAQ3EMHOI YACTUHU
NIAMAPEHHUKA CMNPABXXHbOIO METOOONOrNIEK NMOBEPXHI BIATYKY

A.B.lMlpocko4uno, B.I" [lem’siHeHko, [].B.[Jlem’siHeHKo

Knrovoei cniosa: nidomapeHHUK cripasxHit (Galium verum L.); ekcmpakuisi; OugbmopoxriopomMeman;
memodornoeis noeepxHi 8id2yky; rnnaH bokca-beHkeHa

Briepwe 6ynu docrnidxeHi KinbKicHi echbekmu memmnepamypu 3pideH02a3080i ekcmpakuii, criigegiOHo-
WeHHs 06’eMy ekcmpazeHmy ma Macu CUpPOBUHU, 8051020CMi ma cepedHb020 PO3MIpy YaCMUHOK Cu-
pOo8UHU Ha 8uxid ninoginbHo2o komnekcy (FIK) i3 Had3eMHOi yacmuHuU niOMapeHHUKa CripasXHb0o20
(Galium verum L.) i3 sukopucmarHsm memodoroaii nogepxHi eideyky (MIB). Ans ybo020 docridxeH-
Hs1 6yno obpaHo YomupughakmopHul, mpupieHesul nnaH bokca-beHkeHa, 8 KoMy Yyomupu Hesa-
TexXHi 3MIHHI, @ came memrnepamypa ekcmpakuii — X,, crigsiOHoweHHs 06’eMy ekcmpazeHmy (Mii)
i Mmacu cuposuHu (2) — X,, gonozicmb cupo8uUHU — X; ma cepeOdHili pO3Mip YacmUHOK CUPO8UHU — X,
3acHoeaHi Ha pesyribmamax 00HOgakmopHo20 mecmy. byno nposedeHo 27 ekcriepuMeHmarbHUX
docnidxeHb i3 mpboMa rnosmopamu y UeHmpi rnnaHy, wob ouiHumu yucmy rnoxubky cymu keadpamis.
OmpumaHi ekcriepumeHmarnbHi 0aHi byriu ecmaHoerneHi Ha rnosiHOMIarbHUX PIBHSIHHSIX Opy2020 ro-
PSOKY 3 8UKOPUCMAaHHSIM MHOXUHHO20 pe2peciliHo20 aHari3dy, a makox ripoaHasiizogaHi 6idrnogioHu-
MU cmamucmuyYyHUMU Memoodamu. Bupiluyroqu pieHsIHHS peepecii, a maKkoxX WIIsXOM aHari3y rnosepx-
Hi 8i02yKy KOHmMYypHUX 2padpikie byniu susHavyeHi onmumarbHi ymosu ekcmpakuii JIK: memnepamypa
ekcmpakuii — 35°C, criiggioHoweHHs1 06’emy ekcmpazeHmy (MJ1) | Macu cupos8uHU (2) — 8, eonozicmab
CUpOBUHU — 7% ma cepeldHil po3mip 4acmuHOK cupo8uHU — 1 MmM. Byno gusHa4yeHo, wo Haubinbw
3HavywumMu ghakmopamu 011 00CidxKye8aHO20 rnpouecy € memrepamypa ekcmpakuii, Criie8iOHOWEH-
Hs1 06°emy ekcmpazeHmy (M) i Macu CUpOBUHU (2) ma 805102iCmb CUPOBUHU. [NOPIBHSIHHS OMpuUMaHuUXx
OaHux i3 daHumu nimepamypHuUx Oxepen nomeepodxye akmyarnbHicmb 8aubopy AoKpuMu4YHo20 Ou-
gmopoxriopomemaHy 8 skocmi ekcmpazeHmy 0t o0epxaHHs JIK. Nidcymosyrodu suujesuknadeHe,
MOXHa 3p0obumu 8UCHOBOK, WO 3acmocy8aHHS 3pidXeH020 dughmopoxriopomemaHry 0715l eKecmpakuy,i
JIK i3 Ha03emHoI YyacmuHu nidMapeHHUKa cripasxHbo20 (Galium verum L.) € nepcrnekmueHUM i3 ro-
3uuit cydacHoi ¢hapmauesmuy4Hoi mexHonoeii, a aukopucmanHss MIB y skocmi iHecmpymeHmy 01s
onmumisauji npouyecy 00380JI9€ CKOpOMuUMU 3ampamu Ha rnpoeedeHHs1 hapMauesmu4yHoi pO3pPO6KU.

ONTUMM3ALNA MAPAMETPOB CXXWXEHHOIA30BOM 9KCTPAKLUMU HAOQ3EMHOW YACTU
NOOMAPEHHWKA HACTOSALLENO METO4ONOIMMEN NOBEPXHOCTU OTKITUKA
A.B.llpockoyuno, B.I" [JembsiHeHKo, [].B.[JeMbsiHeHKO

Knroveenie criosa: nodmapeHHUK Hacmosiwul (Galium verum L.); akcmpakyusi;
OucbmopxrnopmemaH; Memodorio2ausi MO8EePXHOCMU OMKIIUKa; rnnaH bokca-beHkeHa

Briepebie bbinu uccriedogaHbl KOu4ecmeeHHble 3¢hgbekmbl memnepamypbl CKUKEHHO2a3080U 3KC-
mpakyuu, COomHoweHusi obbema aKcmpazeHma U Maccbl Cbipbsi, 8l1aXHOCMU U cpedHeao pa3me-
pa yacmuy, cbipbsi Ha 8bix00 nunoghuribHo2o Komrnekca (/1K) uz HadsemHol Yacmu nodMapeHHUKa
Hacmosweeo (Galium verum L.) ¢ ucrionib3o8aHuem memodosioauu rnosepxHocmu omknuka (MI10).
Hns amoeo uccnedosaHusi bbirio 8bI6paHO YembIpexghakmopHbIU, MpexyposHeasil rnaH bokca-ber-
KeHa, 8 KOImopOM YembIpe He3a8UCUMbIe MePeMEHHbIe, a UMEHHO memMrepamypa akcmpaxkyuu — X,
coomHoweHue obbema akcmpazeHma (M) U Macchl Cbipbs (2) — X, 81axXHOCMb Cbipbsi — X, U cped-
Hul pa3mep Yacmuy, Cbipbsi — X, OCHO8aHbI Ha pe3yribmamax 00HoghakmopHo20 mecma. bbirno npo-
8edeHo 27 aKcriepuMeHmarsbHbIX uccriedogaHul ¢ mpeMs rnoemopamu 8 UeHmpe raaHa ¢ Uenbio



ISSN 1562-7241 NEWS OF PHARMACY 3(79)2014

15

OUEHKU Yucmou rogpewHocmu cyMmbl kgadpamos. [1osyqeHHble aKcriepuMeHmaribHble 0aHHbie Obiiu
yCcmaHo8/1eHbI Ha MOIUHOMUArIbHbIX YPasHEHUSIX 8Mmopoeo rnopsidka C UCrob308aHUEM MHOXECMBEH-
HO20 peepeCcCUOHHO20 aHasu3a, a makxXe npoaHanu3uposaHbl Cmamucmu4yeckumMu Mmemodamu.
PeweHuem ypasHeHUs pespeccuu, a makxe nymem aHanu3a noeepxHocmeul OmkKiuKka KOHMYypHbIX
epacbukos bbinu ornpederieHbl onmumaribHble ycrosus akempakyuu JIK: memnepamypa skempaxkyuu —
35°C, coomHoweHue obbema sakcmpageHma (MI1) U Macchl cbipbsl (2) — 8, enaxHocmb cbipbs — 7%
u cpedHuli pasmep Yacmuy, cbipbsi — 1 MM. Bbirio onpedeneHo, Ymo Haubosiee 3Ha4YUMbIMU ¢hak-
mopamu 0r1s uccriedyemMoa0 rnpouecca Sensemcs memrnepamypa sKempaxkyuu, COOmHoweHue obbema
3KcmpazeHma (MJ1) U Macchl CbIpbS (2) U 8aKHOCMb Chipbsi. CpagHeHUe roslyYeHHbIX OaHHbIX C OaHHbIMU
JlumepamypHbIX UCMOYHUKO8 rnodmeepxdaem akmyasibHoCMb 8bi60pa OOKpumMu4ecko20 dughmop-
XxropmMemaHa 8 kadecmeae skcmpazgeHma 0 nosnydeHus JIK. lNoObimoxusas ebluieu3rioXeHHoe,
MOXHO cdenamb 851800, YMO MPUMEHEHUE CXUXeHHOo20 Aughmopxriopmemana 0ns akempakuyuu JIK
u3 Had3eMHoU Yacmu rnodmapeHHuUKka Hacmosiweao (Galium verum L.) sernsemcs nepcriekmueHbIM
C rnosuyuu cospemeHHoU hapmauesmuyeckoli mexHonoauu, a ucronb3osaHue MlB e kauecmese
uHcmpyMeHma 0711 onmumMu3ayuu fpoyecca Mo3eossiem cokpamums 3ampamabl Ha NpoeedeHue
hapmayesmuyeckol pa3pabomku.
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The interest in nanoemulsions has experienced a continuous increase in the last years as evidenced
by the numerous publications and comprehensive reviews on the subject. This enormous interest is
triggered by the wide range of applications, namely in the pharmaceutical, cosmetic, food, chemical
industries. Nanoemulsions (submicrometer-size droplets) have advantages over conventional emul-
sions (micrometer-size droplets) due to their small droplet size; it stipulates their stability against
sedimentation or creaming and a transparent or translucent optical aspect (similar to that of microemul-
sions). Nanoemulsions are commonly prepared by high-energy methods using mechanical devices,
which can produce intense disruptive forces, for example, high pressure homogenizers and ultra-
sound generators. Nanoemulsion formation by these methods is quite straightforward as the higher
the energy input is, the smaller is the droplet size. However, the level of energy required to obtain
nanometer-scaled droplets is very high, and therefore, cost-inefficient, especially considering that
only a small amount of the energy produced is used for emulsification. In contrast, low-energy emul-
sification methods using the internal chemical energy of the system are often more energy efficient as
only simple stirring is needed, and generally allow producing a smaller droplet size than high-energy
methods. It has been also claimed that high-energy methods allow preparing nanoemulsions at higher
oil-to-surfactant ratios than low-energy methods. The results obtained confirm that both PIT and PIC
have the same mechanisms. However, there are still issues to be solved. One of them concerns the
possibility to obtain nanoemulsions with the minimum droplet size and low polydispersity by the PIC
method. It is likely that the kinetics of the emulsification process plays an important role in this emul-
sification method, which has not been taken sufficiently into account. Therefore, more research effort
needs to be done on this subject. A more comprehensive knowledge on the mechanisms involved
in nanoemulsion formation by low-energy methods will allow their optimization and consequently will

extend the fields of their application.

The interest in nanoemulsions has experienced a con-
tinuous increase in the last years as evidenced by the
numerous publications and comprehensive reviews [12,
14, 19, 22, 31] on the subject. This enormous interest
is triggered by the wide range of applications, namely
in the pharmaceutical [2, 3, 6, 9, 10, 13, 19, 22, 28, 36,
37], cosmetic [1, 7, 34, 40], food [15, 26, 27, 29], chemi-
cal [5, 17, 23, 25], etc., industries. Nanoemulsions (sub-
micrometer-size droplets) have advantages over con-
ventional emulsions (micrometer-size droplets) due to
their small droplet size; it stipulates their stability against
sedimentation or creaming and a transparent or translu-
cent optical aspect (similar to that of microemulsions).
However, nanoemulsions, in contrast to microemul-
sions, which are thermodynamically stable, are non-
equilibrium systems, which may undergo flocculation,
coalescence and/or Ostwald ripening. Nevertheless, with
an appropriate selection of the system components, com-
position and preparation method, nanoemulsions with
a high kinetic stability can be obtained. It is generally ac-
cepted [21, 30, 33] that the nanoemulsion main break-
down process is Ostwald ripening (diffusion of molecules
of the disperse phase from small to big droplets). How-
ever, recent reports have shown flocculation to be a
possible breakdown mechanism for nanoemulsions for-
mulated with mixed nonionic-ionic surfactants [38, 39].

Nanoemulsions are commonly prepared by high-
energy methods using mechanical devices, which can
produce intense disruptive forces, for example, high-
shear stirrers, high pressure homogenizers and ultra-
sound generators. Nanoemulsion formation by these
methods is quite straightforward as the higher the ener-
gy input is, the smaller is the droplet size. However, the
level of energy required to obtain nanometer-scaled drop-
lets is very high, and therefore, cost-inefficient, especial-
ly considering that only a small amount (about 0.1%)
of the energy produced is used for emulsification [32].
In contrast, low-energy emulsification methods using
the internal chemical energy of the system are often more
energy efficient as only simple stirring is needed, and
generally allow producing a smaller droplet size than
high-energy methods [36]. Nevertheless, depending on
the system and composition variables, similar droplet
sizes can be obtained by both types of methods [41].
It has been also claimed that high-energy methods al-
low preparing nanoemulsions at higher oil-to-surfactant
ratios than low-energy methods [41]. However, nanoe-
mulsions with high oil-to-surfactant ratios prepared by
low-energy methods have also been reported [9].

Low-energy emulsification methods

Low-energy approaches rely on the spontaneous for-
mation of tiny oil droplets within oil-water-emulsifier
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mixtures when either their composition or the environmen-
tal conditions are altered. A number of different nanoemul-
sion preparation methods are based on this principle, in-
cluding spontaneous emulsification (SE), phase inversion
temperature (PIT), phase inversion composition (PIC), and
emulsion inversion point (EIP) methods [4, 8, 16, 24].

Spontaneous emulsification. In this group of methods
an emulsion or nanoemulsion is spontaneously formed
when two liquids (usually an organic phase and an aque-
ous phase) are mixed together at a particular tempera-
ture [24]. For example, an organic phase consisting of a
non-polar oil and a hydrophilic surfactant and/or a water-
miscible organic solvent may be slowly added to water.
Alternatively, water may be added to an organic phase
containing a non-polar oil, a water-miscible organic sol-
vent and a surfactant [31]. The water-miscible organic
solvent is typically ethanol or acetone, but it may be
replaced with a water-miscible surfactant instead.

To obtain very small droplets, as is required in na-
noemulsions, it is usually necessary to use a high ratio
of the water-miscible component-to-oil in the organic
phase prior to mixing. The spontaneous emulsification
method has found a widespread utilization within the
pharmaceutical industry, where it is used to form drug
delivery systems to encapsulate and deliver lipophilic
drugs. Systems prepared using this approach are usu-
ally referred to as either Self-Emulsifying Drug Delive-
ry Systems (SEDDS) or Self-Nanoemulsifying Drug De-
livery Systems (SNEDDS) depending on the droplet size
produced. A great deal of research has gone into optimiz-
ing the formulation of SEDDS and SNEDDS in terms
of identifying the most appropriate preparation method
and compositions. The main drawback when using this
approach in the food industry is that high concentrations
of synthetic surfactants are normally needed, which may
be undesirable due to regulatory, cost or sensory rea-
sons. Nevertheless, there are certainly some applications
where this approach may be useful, e.g., incorporating
small amounts of bioactive lipophilic components into
beverages.

Phase inversion methods. The phase inversion tem-
perature (PIT) method relies on changes in the optimum
curvature (molecular geometry) or solubility of non-ionic
surfactants with changing temperature [ 14, 22]. For exam-
ple, nanoemulsions can be spontaneously formed using
the PIT method by varying the temperature-time profile
of certain mixtures of oil, water and non-ionic surfac-
tant. This type of phase inversion usually involves the
controlled transformation of an emulsion from one type
to another (e.g., W/O to O/W or vice versa) through an
intermediate bicontinuous phase. The driving force for
this type of phase inversion is changes in the physico-
chemical properties of the surfactant with temperature.
The molecular geometry of a surfactant molecule can
be described by a packing parameter, p [16].

At low temperatures, the head group of a non-ionic
surfactant is highly hydrated, and so it tends to be more
soluble in water. As the temperature increases, the head
group becomes progressively dehydrated and the solu-
bility of the surfactant in water decreases. At a particular

temperature (PIT), the solubility of the surfactant in the
oil and water phases is approximately equal. At higher
temperatures, the surfactant becomes more soluble in
the oil phase than in the water phase. A nanoemulsion
can be formed spontaneously by rapid cooling of an
emulsion from a temperature at or slightly above the
PIT to a temperature well below the PIT.

The phase inversion composition or PIC method is
somewhat similar to the PIT method, but the optimum
curvature of the surfactant is changed by altering the
composition of the system rather than the temperature.
For example, an O/W emulsion stabilized by an ionic
surfactant can be subjected to phase invertion to a W/O
emulsion by adding a salt. In this case, the packing pa-
rameter is adjusted from p<1 to p>1 due to the ability
of the salt ions to screen the electrical charge on the
surfactant head groups [20]. Alternatively, a W/O emul-
sion containing a high salt concentration can be con-
verted into an O/W emulsion by diluting it in water, i.e.
reducing the ionic strength below some critical level.

Emulsion inversion point. In the emulsion inver-
sion point (EIP) methods the change from one type of
an emulsion to another (e.g., W/O to O/W or vice versa)
is through a catastrophic phase inversion (CPI), rather
than a transitional phase inversion (TPI) as with the PIC
or PIT methods [11, 35]. In this case, a W/O emulsion
with a high oil-to-water ratio is formed using a particu-
lar surfactant, and then increasing amounts of water are
added to the system with continuous stirring. Above a
critical water content, the water droplet concentration is
so high that they are packed very tightly together, and
the emulsion reaches a phase inversion point where it
changes from a W/O to an O/W system. The size of the
droplets formed depends on the process variables, such
as the stirring speed and the rate of water addition [35].
The emulsifiers used in catastrophic phase inversion are
usually limited to small molecule surfactants that are
able to stabilize both W/O emulsions (at least over the
short term) and O/W emulsions (for a long term). Re-
cently, it has been shown that the emulsion inversion
point (CPI) method can be used to produce nanoemul-
sions (r< 100 nm) from food-grade ingredients [26].

CONCLUSIONS

Nanoemulsions cause constant and growing interest
as due to their characteristic properties (small size, large
surface area and transparent optical properties) they are
advantageous over other colloidal systems for a wide
range of applications. It is worth noting the interest to
nanoemulsions for application in pharmacy, cosmetics,
agrochemical, food, chemical industries, etc. Low-ener-
gy emulsification methods have focussed considerable
research interest in the last years as small droplet sizes
and narrow size distributions can be obtained using sim-
ple equipment. The review on formation of nanoemul-
sions by self-emulsification and phase inversion (PIT
and PIC) methods confirms the progress in studying the
factors leading to nanoemulsions with the minimum size
and low polydispersity. The results obtained confirm that
both PIT and PIC have the same mechanisms. However,
there are still issues to be solved. One of them concerns
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the possibility to obtain nanoemulsions with a minimum  fore, more research effort needs to be done on this subject.
droplet size and low polydispersity by the PIC method. A more comprehensive knowledge on the mechanisms
It is likely that the kinetics of the emulsification process  involved in nanoemulsion formation by low-energy me-
plays an important role in this emulsification method, thods will allow their optimization and consequently
which has not been taken sufficiently into account. There-  will extend the fields of their application.
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OTPUMAHHA HAHOEMYIbCIW 3A AONMOMOIOK HU3bKOEHEPTETUYHUX METO/IB:
ornag

10.B.Cokorsios

Knrovoei crioea: HaHOEMYy b Cisl; HU3bKOEHEeP2EMUYHE eMYrbay8aHHS;, CaMOeMy ibay8aHHS;
memnepamypa ¢pa3o80i IHeepcii; KOMIO3uuis ¢ha3oeoi IHeepcii

IHmepec 0o HaHoeMy bCili 8 OCMaHHI POKU MOCMIUHO 3pocmae, Wo niomeepdXyembCsl YUCTEHHUMU
ny6nikauismu i oangdamu 3a yiero memoro. Takul 3pocmarodull iHmepec 8UKIUKaHUU WUpokum Oia-
r1a3oHOM 3acmoCy8aHHs y (hapmMayesmuyHilti, KOCMemMuUYHil, Xxap4oeil, XiMi4YHil MpoOMUCIO80CMSIX.
HaHoemyrbcii (YacmuHKu cybMIKpOHHO20 po3Mipy) Maromb riepesazy neped 3guyaliHUMU eMyribCi-
AMU (YacmuHKaMu MIKPOHHO20 po3Mipy) 3a80sIKU MEHWOMY PO3MIpY, WO 3yMO8sToe ix cmilikicmb 00
ocadxeHHs1 ma Kpemaxy i onmu4Hy rpo3opicms. HaHoemyrnbcii 3a3guyali eupobristoms 3a 00rnoMo-
2010 8UCOKOEHEepeemu4YHUX Memo0di8 3 8UKOPUCMAaHHSIM MexaHiyHux rpusadie, 30amHux eupobris-
mu IHMeHCcUBHI pyUHYrOYi cusu, Harpukiad, 20MO2eHi3amopu 8UCOKO20 MUCKY ma ybmpa3eyKosi
eeHepamopu. Po3mip 4acmuHOK HaHoeMyrbCill, WO ymeoptorombcs 3a 00roMo20r0 makux memodis,
mum MeHwul, Yyum binbwe 3acmocosyembcs eHepeii. PiseHb eHepeii, He0b6XxIOHOI 0151 ymeopeHHs
HaHO4YacmMUHOK, € Oy>e 8e/IUKUM, 8HaC/1i00K Y020 Npouec € EKOHOMIYHO HeegheKmugHUM, 0cobriugo
SKWO 8paxysamu me, W0 fluwe Hegemuka YacmuHa yiei eHepeaii sumpadaembscs Ha eMyribey8aHHS.
HusbkoeHepeemuy4Hi MemoOu, Haernaku, 8UKOPUCMOBYOMb 8HYMPIWHIO XiMiYHY eHepaito cucme-
MU, mOMy B0HU, SIK rpasusio, bifbw eHepeemuyHO echeKkmueHi, m. 1. docmamHbO POCmMo2o rnepe-
MilyeaHHs, Wo 8 binbwocmi sunadkie 003680519€ ompuMamu 4YaCmuHKU MEeHWO020 PO3MIpY, HiX 3
8UKOPUCMAaHHSM 8UCOKOeHepaemu4yHUX memodie. OmpumaHi pesynbsmamu nomeepdxyoms, Wo 8
ocHoei sik T®I, mak i K®I nexxamb mi cami mexaHiamu. OOHaK 3anuwiaromasCsi We HesupilleHi numarx-
Hs. O0He 3 Hux 8idHocumbCsl 0 MOXIusocmi ompumaHHsI HE 3 MiHiMarbHUM pO3MipOM YacmUuHOK
ma HU3bKor nosiducrnepcHicmio 3a dornomozoro memody K®I. Ckopiwe 3a 8ce KiHemuka rpouecy
emyrnbayeaHHs gidiepae 8axrugy posib y UboMy MemoOdi, Ha sKul He 38epmariu 0oCmamHb0 yeaau.
Omxe, HeobxiOHO binbwe docnidxeHb 3a ujeto memoro. binbw 2nuboke 3HaHHS MexaHiamig ¢hopmy-
g8aHHs1 HE 3a dornomozorwo HEM do3eonumb rposodumu ix onmumidauito ma rnocriidoeHoO po3WUpHo-
gamu obriacmi ix 3acmocyeaHHs.

NONYYEHME HAHO3MYNIbCUWU C NOMOLLbIO HU3KO3HEPNETUYECKUX METOLOB:
OB30P

F0.B.Cokoustos

Knroyesnble csioea: HaHOIMY IbCUST; HUBKOSHEP2EMUYECKOE MY Ib2UpPO8aHUE;
camoaMyrbauposaHue; memrepamypa ¢hazoeol UH8epPCUU; KOMIO3uyusi ¢ha308ol UHeepcuU
WHmMepec Kk HaHOAMYIbCUSIM 8 r1ocriedHuUe 200b! MOCMOSIHHO pacmem, 4Ymo rnoomaeepx0aemcsi MHO-
eoyucneHHbIMU nMybnukayusmu u ob63opamu rno amoli meme. 3mom pacmywuli UHmepec ebl3eaH
WUPOKUM Ouarna3oHOM NpUMeHeHUs1 8 thapMmauesmuyeckol, KocMemuyeckod, nuwesod, xumuye-
CKoU npombiwrneHHocmsix. HaHoamynbcuu (Yyacmuubl CyOMUKPOHHO20 pasMmepa) uMerom rnpeumy-
wecmeo reped 0bbI4YHbIMU SMYIbCUSMU (YacmuuamMu MUKPOHHO20 pasmepa) briazodapsi MeHbweMmy
pasmepy, 4mo obycrioenueaem UX ycmol4yueocmb K OCaXOeHUI U KpemMaxy U Onmu4yecKyr npo-
3payHoCmb. HaHo3aMyrbcuu, Kak rpaesusio, Mpou3eoosimcsi ¢ MOMOWbI0 8bICOKO3HEP2emuUYECKUX Memodos
C ucronb308aHUEM MexaHU4YeCcKUX ycmpolicme, criocobHbIX Mpou3eodumb UHMEHCUBHbIE paspyuia-
rowue curnbl, Hanpumep, 20MO2EHU3amMOopPbl 8bICOKO20 Oas/ieHUs U yibmpa3gyKosble eeHepamopbI.
Paamep obpa3syrouuxcsi yacmuy, HaHO3MYyJsbCuUl € MOMOWbIO 3mux Memodo8 mem MeHbue, Yem 6071b-
we rpuknadbleaemcsi 3Hepauu. YpoeeHb sHepauu, Heobxodumol 0rnsi obpa3zosaHuUss HaHoYacmuuy,
O4Y€eHb 8e/IUK U 8criedcmaue 3moao He3KOHOMUYEH, 0COBEHHO ecriu y4ecmb, Ymo fulib Manas 0oss
amoli aHepauu pacxodyemcsi Ha aMyrnbauposaHue. HuskoaHepaemuyeckue MemoOsbl, Haobopom, uc-
M0/1b3YI0M 8HYMPEHHIOK XUMUYECKYH0 3HEpPaulo cucmeMsbl, 3a4acmyto boree sHepeemu4ecku 3gh-
pekmuesHbl, m. K. 00CMamoYHO MPOCmMOoeo fnepemelwiusaHusi, Ymobbi 8 6oMbWUHCMSe Cry4Yaes ro-
JIy4umb Yacmuubl MeHbWe20 pa3Mepa, YeM C UCMOTb308aHUEM 8bICOKOSHEP2EMUYECKUX MEMOOOS.
lNonyy4eHHble pe3ynbmambl nodmeepxdarom, 4ymo 8 ocHose u TOU, u KOU nexxam o0HU u me xe
mexaHu3mbl. OOHaKo ocmaromces ewje HepeuweHHble 80rpochkl. OOUH U3 HUX OMHOCUMCS K 803MOX-
Hocmu rionydeHust H3 ¢ MUHUMarnbHbIM pa3mMepoM Yacmuy U HU3KOU noauducrnepcHOCMbIO C o-
mowbro Mmemoda K@U, Ckopee 8ce2o KUHEMUKa npouecca smMyrbeuposaHusi ugpaem 8aXxHYo porib
8 amom mMemode, Komopbili He MpuHUMaricss docmamo4YHo 80 eHUMaHuUe. CriedosameribHO, HEObXO-
dumo 6onbwe uccrnedosaHul no amol meme. bonee enybokoe 3HaHUE MexaHU3MO8 hOPMUPOBaHUSI
H3 ¢ nomowbro HOM noseonum nposodume ux onmumu3ayuro u riocedosameribHO pacuwupsme
obnacmu ux nPUMeHeHUs.
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When developing the technology of a dry extract of hop cones as an active pharmaceutical ingredient
with the estrogen-like action the key factors that can affect the quality of the finished product have
been investigated. Taking into account that hop prenyl flavonoids are relatively unstable compounds
and under certain thermodynamic conditions are prone to transformation the influence of the temper-
ature parameters such as evaporation and drying of the hop liquid extract on the content of xantho-
humol (X), isoxanthohumol (IX), 8-prenylnaringenin (8-PN) and 6-prenylnaringenin (6-PN) in the dry
extract has been researched. The objects of the research were the samples of the hop liquid extract
after extraction of the raw material and the dry extract after evaporation and drying. The extraction
of hop cones has been carried out by the two-step filtration method extraction with the pretreatment
of the raw material with steam. At the first step the hop raw material was extracted with n-hexane
with the subsequent extraction of the extraction cake with water-alcohol solvent at the second step.
The aqueous-ethanol extract was evaporated and dried in vacuum to prevent possible destruction of
prenyl flavonoids. The quantitative content of xanthohumol, isoxanthohumol, 8-prenylnaringenin and
6-prenylnaringenin has been determined by HPLC in the samples of liquid and dry extracts. It has
been found that sparing conditions of evaporation and drying used has led to decreasing the quantita-
tive content of X, IX, 8-PN and 6-PN in the dry extract compared with the content of these compounds
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in the water-alcohol liquid extract in the range of 14, 16, 8, 14%, respectively.

The use of plants containing phytoestrogens, with
its historical length may be compared with the histo-
ry of medicine in general. One of the most interesting
sources of compounds with the estrogen-like action is
a hop cones. The results of the pharmacological studies
of hop extracts indicate the relationship between estro-
genic activity of the objects and the fraction of prenyl
flavonoids: xanthohumol (X), desmethylxanthohumol
(DMX), isoxanthohumol (IX), 8-prenylnaringenin (8-PN)
and 6-prenylnaringenin (6-PN). It has been found that
the marked estrogenic activity of the polyphenolic frac-
tion belongs to 8-PN and characterizes this compound
as the most powerful pharmacological agent among the
known phytoestrogens [7, 8, 10].

The process chain for obtaining APIs of the plant
origin consists of different sets of operations performed
according to the specific technological modes. Based on
thermolabile properties of most substances of the plant
origin the development of the technology for obtaining
the corresponding APIs requires the study of depen-
dence of the composition at each process stage involv-
ing heating of the product.

The aim was to study the influence of temperature pa-
rameters of evaporation and drying processes of the hop
liquid extract on the content of xanthohumol, isoxantho-
humol, 8-prenylnaringenin and 6-prenylnaringenin in the
dry extract.

The results obtained should become an important
factor in development of technology for obtaining the
hop dry extract enriched in prenyl flavonoids as the
promising API.

Experimental Part

The starting materials were hop cones of “Xantha”
cultivar (the product of the Polissya Institute of Agri-
culture at the NAASU) harvested in 2012, n-hexane,
ethanol and purified water. For cyclization of chalcones
X and DMX to the corresponding flavanones 1X, §-PN
and 6-PN the hop cones were pretreated by water steam
for 1 hour. After thermal pretreatment the remaining
moisture was removed from the raw material, and hop
cones were extracted in two steps. All extraction steps
were performed by the method of filtration extraction
at the room temperature. At the first step the hop cones
treated was extracted with n-hexane to the drug extract
ratio (DER) of 1:12 with the subsequent removal of the
residual extractant from the extraction cake [2]. At the
second step the hop semi-product (the extraction cake)
was extracted with 70% (vol.) ethanol to DER of 1:10.
Removal of the solvent from the liquid extract and sub-
sequent drying were conducted in a Biichi R134 rotary
evaporator at the water-bath temperature 60-63°C and
at the vacuum operating range of 80-38 mBar. Before
drying of the liquid extract the dry residue content and
the quantitative content of X, IX, 8-PN and 6-PN were
determined and the yield of extractives in it was calcu-
lated. The quantitative content of X, IX, 8-PN ta 6-PN
was determined in the hop dry extract obtained.

The dry residue content in the samples was deter-
mined by the method according to the State Pharmaco-
peia of Ukraine [1].

The assay of X, [X, 8-PN Ta 6-PN in the hop dry ex-
tracts obtained was carried out by the liquid chromato-
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Table The yield of the extractives from the raw material
Quantitative characteristics of the extracts obtained extracted was calculated as:
wxV
Criteria Liquid Dry b= 70
extract extract n
Xanthohumol (X), % 1.688 1.451 where: V — is the volume of the liquid extract, ml; ® — is
Isoxanthohumol (IX), % 0.412 0.345 ?hirryaresr‘r‘lia“gg théaq?;f :Xttrr;‘gttl:ﬁ’ ;;‘ —is the mass of
_ - w u X , g
8-prenylnar!ngen!n (8-PN), :/o 0.062 0.057 Results and Discussion
6-prenylnaringenin (6-PN), % 0.208 0.179 The hop prenyl flavonoids X, DMX, IX, 8-PN and
Yield of extractives, % 24.55 6-PN are relatively unstable compounds and under the

Note: the quantitative content of (X, IX, 8-PN, 6-PN) are calculated
with reference to dried substance.

graphy method. In the assay the approach of determina-
tion of the given compounds using secondary standards
was applied [4].

Chromatographic procedure was carried out in an Ulti-
mate 3000 chromatograph with a UV detector at the tem-
perature of 50°C. As a mobile phase A 0.25% (v/v) for-
mic acid R was used, and 0.25% (v/v) formic acid R in
acetonitrile R was used as a mobile phase B. The chro-
matographic conditions were the following: the flow rate —
1 mL/min; the column — Purospher STAR RP 18-¢ (5 um)
250*4.0 mm; the injection volume — 20 pL; detection —
at 370 nm (X) and at 290 nm (IX, 8-PN, 6-PN). The gra-
dient programme was 0 min, 80:20 (A:B); 3 min, 80:20;
3—25 min, 60:40; 25—37 min, 60:40; 37—55 min, 40:60;
55—56 min, 10:90. Determination of X was carried out
using quercetin, and determination of IX, 8-PN, 6-PN
was performed using naringenin as secondary standards.

Identification of peaks was carried out using the
same conditions in an Ultimate 3000 chromatograph
with MS / MS detector and literature data [3].

certain thermodynamic conditions are capable to trans-
form. In particular, chalcones X and DMX can be sub-
jected to thermal isomerization, and it is confirmed by
the conversion of X to IX during wort boiling in brew-
ing [5, 6, 9].

Obtaining of a dry extract is always associated with
the use of high temperatures at the stages of evapora-
tion and drying. The nature of the thermal effects on
the quantitative content of X, IX, 8-PN and 6-PN was
evaluated by the content of these compounds in the
water-alcohol extract before its evaporation and in the
dry extract obtained. In order to prevent possible de-
struction of prenyl flavonoids the evaporation and dry-
ing of hop cones extracts were carried out in vacuum
under the sparing conditions appropriate for subsequent
manufacturing-scale production. The data obtained are
presented in Table.

The experimental data show decrease of the quanti-
tative content of X, IX, 8-PN and 6-PN in the dry extract
compared with the content of these compounds in the
water-alcohol liquid extract by 14.04%, 16.26%, 8.06%
and 13.94%, respectively. It indicates the negative ef-
fect of evaporation and drying of the liquid extract on
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Fig. 1. The chromatogram of the hop water-alcoholic liquid extract at 370 nm.
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Fig. 2. The chromatogram of the water-alcoholic liquid extract at 290 nm.

quantitative characteristics of the dry extract even with the
sparing conditions applied with reduced boiling tempera-
ture in the vacuum environment. The chromatographic
profiles of the samples are characterized by a similar set
of major peaks and differ in their intensity decrease due to
the aforementioned decrease in the quantitative content of
X, IX, 8-PN and 6-PN in the dry extract obtained in com-

parison with the water-alcohol liquid extract. Therefore,
the temperature increase and/or decrease of the vacuum
depth, i. e. parameters that can increase the boiling point
in the process of evaporation and drying of the extract may
lead to a greater reduction of the quantitative content of X,
IX, 8-PN and 6-PN in the hop dry extract. The chromato-
grams of the test samples are presented in Fig. 1, 2, 3, 4.
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Fig. 3. The chromatogram of hop dry extract at 370 nm.
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Fig. 4. The chromatogram of the hop dry extract at 290 nm.
CONCLUSIONS 2. It has been found that obtaining of the hop cones

1. For the first time the influence of temperature pa-  dry extract as a finished product provides the loss of the
rameters at the stages of evaporation and drying of the = quantitative content of these prenyl flavonoids in the
hop cones liquid extract on the quantitative content of  technological process.

xanthohumol, isoxanthohumol, 8-prenylnaringenin and 3. The research results will be considered in the fur-
6-prenylnaringenin in the dry extract has been investi- ther development of the production process of the hop
gated. dry extract as the APIL.
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DOCNIOXEHHSA 3ATNIEXXHOCTI BMICTY NPEHINTIOBUX ®NABOHOIAIB Y CYXOMY EKCTPAKTI
XMENIO BIA TEMMNEPATYPHUX NAPAMETPIB NMPOLIECY MO0 OOEPXXAHHSA
0.0.[Jo6poeonbHuli

Knrovoei crioea: cynniddsi Xmesno; eKcmpakmueHi pe408UHU; MPeHinosi ¢hriagoHoiou; ecmpozeHHa
aKmueHicmb, yraprogaHHs; CyuKa

Y nipouyeci po3pobku mexHorozii 00epKaHHSA Cyx020 eKcmpakmy cyrnniob xmernto 8 sskocmi A®| 3
ecmpoaeHonodibHot diero Aocnidxysarnu Ko4osi chakmopu, 30amHi ernnugeamu Ha sIKicmb 20mogo-
20 npodykmy. bepy4u do yeaau me, W0 NpeHinosi ¢priagoHoIdU XMesto € 8iIOHOCHO HECMIUKUMU Cr1o-
INlykaMu ma rpu rnegHux mepmoouHamiyHUx ymosgax 30amHi 0o rnepemeopeHb abo decmpykuii, 6yrno
OocridxeHo 8rnue memrepamypHUX rnapamMempie yrnapoeaHHsI ma CywKuU PiOKOi 8UMSIKKU XMETH
Ha KinbKicHul emicm kcaHmoxymory (X), isokcaHmoxymony (I1X), 8-npeHinHapuHaeHiHy (8-PN) ma
6-ripeHinHapuHaeHiHy (6-PN) e cyxomy ekcmpakmi. O6’ekmamu 0ocnidxeHHs1 6ynu 3pasku 800-
HO-Crupmoesoi 8UMSsIXKU, 00epxaHOI Micrisi ekcmpazysaHHs CUPOBUHU ma CyXxo20 ekcmpakmy ricns
ynaprosaHHsI ma cywku. ExkcmpaayeaHHs cynniob xmesro 3diticHosanu memodom inbmpayitiHoi
ekcmpakuii 8 08a cmyrneHi 3 nornepedHbO MepMiYHO 06POBKOH 8UXIOHOI CUPOBUHU B0OSIHOK ra-
poro. Ha nepwomy cmyneHi cuposuHy ekcmpazysarnu H-2eKCaHOM, MiC/isi 4020 Ha Opy2oMy cmyneHi
rpoeodusiu ekcmpazayeaHHs1 wpomy 800HO-CIUPMOBUM PO3YUHHUKOM. 3 Memor MiHimMi3auil MoXx-
Jiugoi decmpykuii npeHinosux griagoHoidie odepxaHy 80OHO-CUPMOBY 8UMSIXKKY yraprosanu ma
sucywysanu y sakyymi. KinbkicHul emicm X, IX, 8-PN ma 6-PN e docnidxysaHux 3paskax gusHadasiu
memodom BEPX. BcmaHoerneHo, wo 3acmocos8aHi ujadHi yMosu yrnaprogaHHs ma cywkKu npusesnu 0o
3HUXeHHS KinbKkicHo2o emicmy X, IX, 8-PN ma 6-PN e cyxomy ekcmpaKkmi ropieHsIHO 3 iX eMicmom y
B800HO-Ccrupmosili sumsixxui 8 mexax 14, 16, 8, 14% 8idnogioHo.

UCCNEOQOBAHUE 3ABUCUMOCTU COOEPXAHUA NPEHUIOBbLIX ®JIABOHOUOOB

B CYXOM 3KCTPAKTE XMENA OT TEMMNEPATYPHbIX MAPAMETPOB NMPOLIECCA EIO
NONYYEHUA

A.A.[Jo6poeosibHbIl

Knrodesnbie criosa: connodus xmeris; IKempakmueHble seujecmeaa; rnpeHunossie ¢hriagoHouobl;
acmpoeeHHas akmugHOCMb, yrapusaHue; cywka

B npouecce pazpabomku mexHosio2uu rosy4eHusi Cyxoeo aKkcmpakma cornodull Xmesisi 8 kKadecmee
A®U ¢ acmpozeHornodobHbIM delicmeuem uccredosasu Kidesble ¢hakmopbl, CIOCOOHbIe 8usimb
Ha Ka4ecmeo 20moeozo nMpodykma. Y4umbleasi mo, Ymo MpeHuUs108ble ¢hria8oHOUObI XMEIsi S6/1s1Hom-
€S OMHOCcUMeIbHO HecmabusibHbIMU COeOUHEeHUSIMU U rpu onpederieHHbIX mepMoOuUHaMu4ecKux
YCII08USIX CK/IOHHbBI K npespawieHusiM unu decmpykuyuu, bbio uccriedoeaHo enusiHue memrepamyp-
HbIX MapamMempos yrnapueaHusi U CyWKU XUOKO20 U38IeYEHUS XMeSlsl Ha KoudecmeeHHoe codepxa-
Hue kcaHmoxymorna (X), usokcaHmoxymona (IX), 8-npeHunHapuHeeHuHa (8-PN) u 6-npeHunHapuH-
eeHuHa (6-PN) e cyxom akcmpakme. O6bekmamu uccriedogaHus bbinu 0bpa3subi 00HO-CIUPMOB0O20
U3er1e4eHuUsl, rosly4eHHO20 oC/ie SKCmpaaupo8aHUs ChbiPbsi U CyX020 9KCmpakma rnocre ynapuea-
HUST U CyWKU. QKempaKyuro cornoouli xmerisi nposodusiu MemoOom ¢huribmpayuoHHOU aKcmpaxkyuu
8 dge cmyreHu ¢ npedsapumeribHol 06pabomkol cbipbsi 8005IHbIM rapoM. Ha nepeoli cmyrneHu Cbi-
pbe 3KCmpaauposasnu H-2eKcaHoM, Mocse 4e2o Ha 8mopoll cmyneHu nposodusiu 3KCMpaKyu Wpo-
ma 800HO-criupmosbiM pacmeopumesiem. C yernbio MUHUMU3auUU 803MOXHOU GecmpyKuuu npeHu-
1108bIX (hr1a8oHOUO08 MoTy4YeHHOE B0OHO-CIUPMOBOE U38/IeYEHUE yrapusasiu U Cyuusu 8 eakyyme.
KonuyecmeeHHoe codepxxaHue X, IX, 8-PN u 6-PN e uccriedyembix obpasuax ornpedesnsnu memodom
BOX)XX. YecmaHoeneHo, 4mo ucrnosnib308aHHbIe wadswue ycroeus yrnapusaHusi U CywKU rnpueenu K
CHUXeHUI KonudecmeeHHo20 codepxarus X, IX, 8-PN u 6-PN e cyxom akcmpakme 8 cpagHeHuUU ¢
codepxxaHuem 8 80OHO-CIUPMOBOM U3sriedeHuu 8 rpedenax 14, 16, 8, 14% coomeemcmeeHHO.
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Studies on creation of a new solution for infusion containing the complex compound obtained by
the reaction of alkaline earth salt of aldonic and alkali salts of polycarboxylic acids have been car-
ried out. Based on the study of physical and chemical properties of the initial reagents and factors
affecting the completeness of complexation, the optimal reaction conditions have been determined.
Conditional constants of the complex formation have been calculated. The possibility to obtain a stable
complexonate solution in the presence of other substances, and at different pH values have been
evaluated. Percentage of the complex in solution with these pH has been calculated. The value of the
medium acidity, which provides the complexation effect at least 99%, has been determined. The study
in selecting the acceptable pH range of the solution with the concentration calculated on the basis of
a given single therapeutic dose and the molar ratio of the initial ingredients has been carried out. The
optimal pH range — from 6.2 to 6.5 has been determined. The stability of the experimental batches of the
drug placed in bottles of two types of glass and sealed with stoppers of two types has been observed.
The quality of the drug solution in the process of preparation, during the entire technological cycle and
during storage in the primary packing has been examined. It has been found that the quality parameters
of a freshly prepared solution during and at the end of the regulated period of storage in all types
of the primary packing corresponds to the parameters of normative documents. These data confirm
the acceptability of the pH range proposed for providing the reaction efficiency and the drug stability.
The studies carried out have revealed the limits for one of the most important variable pharmaceutical

parameters (pH), and it will be used at the next stages of pharmaceutical development.

The drug being developed is a solution of a bimetal-
lic complex obtained presumably by the interaction of
alkaline and alkaline earth metals salts with aldonic and
polycarboxylic acids (hereinafter “The Complex”). The
necessity of its creation is conditioned by the data in-
dicating the presence of properties allowing to use this
compound in the treatment of neoplastic diseases with
greater efficiency than the known compounds with the
similar pharmacological activity. Thus, the Complex blocks
the cell proliferation in cases of non-small-cell lung carci-
noma 4.5 times more efficiently than a well-known drug
Oxaliplatin. Moreover, the antiproliferative activity of the
drug lasts longer, and it allows to decrease the therapeutic
dose and toxic load. The Complex toxicity has been found
to be 200 times less than the one of the prototype.

Creation of a drug involves carrying out the pharma-
ceutical development (PD), which includes the choice
of the composition, technology development, determina-
tion of the quality criteria and limits for variable phar-
maceutical parameters that provide stability during the
process of manufacture and while storing [3, 12].

The peculiarity of obtaining this drug is the fact
that the active ingredient (Al) is obtained by carrying
out the complexation reaction in the process of solution
preparation. Thus, one of the initial PD stages was the
study of the reaction conditions and determination of
the acceptable parameters of the process, including pH
[3, 5, 12]. The aim of our work was to determine the

optimal pH range, which provides the specified direc-
tion of the reaction and its maximum quantitative effect,
maintains the solution stability and is pharmacologically
acceptable.

Materials and Methods

The objects of the study were salts of aldonic acid
(AA) and polycarboxylic acid (PA), solution of the Com-
plex on their basis and the pH level.

The qualitative and quantitative control of the sam-
ples of the Complex and the drug on its basis in the pri-
mary packing was carried out during the research work.
The quality parameters and methods of determination
are described in the SPhU [2] and the drug normative
documents (ND).

Results and Discussion

Physical, chemical and technological properties of
the alkali PA salt and alkaline earth AA salt were studied
for choosing the composition and technology for ob-
taining the drug.

Aldonic acids have the general structure
HOCH,[CH(OH)],COOH, and are readily soluble in
water. The ionization constant of the AA salt studied is
-1.4:10, pKa 3.6 [1, 7]. It exhibits the properties that
are typical for polyoxyacids. The presence of pentacyc-
lic y-lactone and hexacyclic 6-lactone in water solutions
of the acid is caused by the ability for lactonization; their
quantitative ratio depends on the temperature and pH
value [6, 8, 11].



26 BICHWK ®APMALLIT 3(79)2014

ISSN 1562-7241

Table 1
Relative stability constants and the Complex concentration at different pH values
Y K'(MY™)= K(MY™) - a(Y*) [MY™] = K'(MY™) - [M™] - [Y*]
P K(MY™4) a(Y+) K'(MY™) Ig K'(MY™) [MY™], %
4 5-10'° 3.6:10° 1.8:102 2.25 92.82
5 5-10'° 3.5:107 1.8:10* 4.26 99.26
6 5-10™ 2.2:10° 1.1-10° 6.04 99.90
7 5-10'° 4.8-10* 2410’ 7.38 99.98
8 5-10'° 54103 2.7-108 8.43 99.99
9 5-10'° 5.2:10% 2.6-10° 9.41 100.00

The following feature is typical for the carboxylic
group. This is the ability of salt formation, including
with alkali, alkaline earth and transition metals. The
structure of the salts: [HOCH,[CH(OH)] COO"] Me*".
This AA and its derivatives are used as complexing
agents, especially when the metal cations are able not
only to substitute the active hydrogen atoms of its func-
tional groups, but also to form coordinate bonds. These
are the alkaline earth metal ions (s-elements) — Ba*’,
Mg?*, Ca?". It is exactly the AA calcium salt that takes
part in the Complex formation. Its solubility at 30°C is
about 40 g/1 [4, 6-8, 11].

Although Ca?* salts are able to coordinate hydroxy-
acids, these complexes are not stable enough. The sta-
bility constant of calcium aldonate is rather low (ap-
proximately 16, IgK = 1.2), and in the presence of other
organic polydentate complexing agents, even with high
Ca?' concentration, their binding into a complex with
aldonate may be disturbed and lead to formation of a
complex compound with other ligand [11, 14]. This ex-
actly feature was used by us for the Complex formation.

Polycarboxylic acids have the following general struc-
ture: (HOOC),R, where R — is a hydrocarbon radical.
PA, which salt takes part in the Complex formation, is
also an ethylene diamine derivative, and can be repre-
sented as: (HOOC), (CH,N,), (then also H,Y). It is able
to form intracomplex compounds with metal cations due
to the valence bonds with carboxylic groups and the co-
ordinate bonds with nitrogen lone electron pairs.

Constants of the first two stages of PA (H,Y) disso-
ciation far exceed the following two: K, ;= 1107 (pK,,=
2.0), K,=2.1-10° (pK ,= 2.7), K ;= 6.9-107 (pK ;= 6.2),
K,=5.510" (pK,=10.3) [1, 8, 7]. It follows that main-
ly H,Y* anions exist in the neutral medium. With the
solution pH increase ions HY?* and Y* start to form,
moreover, the latter — in the highly alkaline medium
with pH>11. A disodium PA salt is used for the Com-
plex formation since it is much better soluble in water
than the acid is. The reaction between a calcium ion and
the salt, as a result of which the anion forms a tetrahe-
dral complex with a double-charged metal ion, can be
written as equation 1:

Ca* + Na,H,Y <> Na,CaY + 2H"* (1)

Several features of the reaction should be mentioned:
complexes of a single composition with the ratio of 1:1

(metal:ligand) are formed; the reaction is reversible, and
the balance can be shifted by varying the pH — acidify-
ing will shift the balance to the initial reagents, while
adding an alkali — to the right with the complexonate
formation; the reaction should be carried out with main-
taining the pH optimum level determined by the com-
plexonate stability constant K (or B).

Based on the known stability constants of the com-
plex equation [1, 6, 8, 14] it is possible to calculate the
value when the complexing reaction proceeds with suf-
ficient completeness, i.e. 99.99%, in the following way:

MY™)

n-4
KMY™) M- [Y*]
0,9999 ) )
== 10",
1-1071-10

The true concentration constant of formation (stabi-
lity) does not depend on the concentration and pH. But
the medium acidity and additional complexing agents
affect the complexing completeness. This is taken into
account using relative stability constants, which help to
estimate if it is possible to obtain a stable complexonate
in the medium with a certain pH and the presence of
other compounds.

The pH influence is taken into account using the
competing reaction coefficient a(Y*), which reflects
the ligand protoning. Knowing the K and a(Y*) values
at the given pH it is possible to calculate the relative
stability constant of the complexonate K’, and compar-
ing it with 10® make a conclusion about the stability
of the complex studied. The K value for the complex
CaY?*is 5-10', IgK = 10.7, the value a (Y*) for differ-
ent pH can also be found in literature [1, 6, 8, 14].

The K’ values were calculated for different pH values,
and then the percentage of the Complex in the solution
with such pH values was calculated. The formulas and
results of calculations are given in Tab. 1. With its data
it is shown that the Complex stability reaches K’ > 10°
values in the alkaline media with pH 8 and higher. With
the pH decrease the complexing process may pass not
completely. However, the concentrations of the Com-
plex calculated at different pH values allow to make a
conclusion that the concentration over 99% indicating
the sufficient completeness of the reaction is already
achieved after pH 5, and is 99.9% at pH 6.
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[HOCH,[CH(OH)],COO],Ca* + [(HOOC), (CH;N2)o(COO),] Na'y, —

—> Cd&" [(CH.N,),(COO),INa"; + 2[HOCH,[CH(OH)],COO] + 2H*

Then often the solution contains molecules or ions that
are able to form complexes with ions of the metal, which
takes part in the Complex formation. The influence of ad-
ditional complexes is taken into account with the compet-
ing reaction coefficient o(M™). Knowing its value, K" is
determined — the relative stability constant in case of an
additional metal ion complexing using formula 3:

K"(MY™)= K(MY™) - a(Y*) - a(M™).  (3)

Taking into account a great difference in the stabi-
lity constants’ values of the complex of calcium with
PA (5-10', 1gK=10.7) and with AA (16, IgK=1.2), we
made a conclusion that the presence of AA anions in the
solution would not affect the Complex’s stability. Thus,
K"(MY™*) =K'(MY"™), and the data from the column 6
of Table 1 do not need any correction.

Based on the physical and chemical properties of
the reagents and the calculations conducted we com-
posed a predictable scheme of the reaction (Fig.).

As a result of the interaction H" ions are transferred
into the solution, pH of the solution decreases, and it can
lead to the reaction shift to the left causing destruction
of the Complex. To prevent this process the pH should
be maintained at the level not lower than 8-9 (Tab. 1).
For the parenteral route of the drug administration the
more optimal pH level is the one close to the blood pH
(~7.4), but there are solutions for infusion with a slightly
acidic medium, which is due to the Al properties and
pharmacological purpose [5, 10, 13, 15]. It is worth tak-
ing into account that the concentration of H* ions plays
an important role in potentiating/inhibiting the process-
es of interaction of the solution and primary packing mate-
rials (glass or polymer containers, stoppers, etc.) [5, 9].

Therefore, the research work on selection of a suit-
able pH level was carried out. Solutions with the con-
centration corresponding to the given single therapeutic
dose and the molar ratio of the initial reagents — 2:1 (al-
donate:polycarbonate) were prepared for that purpose.

The initial pH range set in the solution was 4.0-5.0.
This is explained by the free H' ions appearance as the

Fig. The scheme of the complexing reaction.

reaction products. Moreover, the AA anions and the ex-
cess of calcium aldonate are present conditioned by the
ratio of 2:1. This pH level is insufficient for the Com-
plex stability maintenance. Thus, the correction to the
minimal level 5.0 (Tab. 1) or better around 7.4 is neces-
sary. But it should also be taken into consideration that
the presence of an excess of the initial reagents, accord-
ing to the principle of Le Chatelier-Brown [5, 6, 8], will
prevent the reaction reversibility.

For selection of the pH level that would provide the
stability maintenance and suitable for introduction of the
solution into the bloodstream, the batches with different
pH achieved by adding alkaline agents, out of which sodium
hydroxide solution containing ions of the same name
with reagents was chosen, were tested. Different tem-
perature and time regimes were studied, the additional
pH correction at different preparation stages was car-
ried out, etc. The results of the study are given in Tab. 2.

It was found that in the samples with pH 7.2-7.4 and
higher within the time from several hours to a day the
pH value was significantly reduced. With the pH value
8.0 and higher the solution gained a yellow tint under
the effect of temperature. The low pH level (5.0 and
lower) is undesirable since it leads to the complex sta-
bility decrease and significantly differs from the blood
pH level. By changing the medium acidity the optimal
pH range was determined, which was from 6.2 to 6.5.

To confirm this result the Complex solution stabi-
lity was studied not only in the process of preparation
and in carrying out the entire technological cycle, but
also during the drug storage in the primary packing.
The solution stability in glass bottles is caused by its
prolonged contact with the glass and the stopper mate-
rial. Mechanical inclusions may appear in the solution,
their absence is strictly regulated for solutions for infu-
sion [2, 3, 5]. The interaction of the solution with glass
and a stopper may cause the changes of other physical
and chemical quality parameters and lead to the incon-
sistency of the final product to the ND requirements.

Experimental batches of the drug in 100 ml glass
bottles made of NC-2 and MTO glass grades with rub-

Table 2
Dynamics of the pH changes in the Complex solutions
No. of the Solution pH
batch freshly prepared (A) | in a couple of hours in a day sterilized (B) difference (A-B)
1 5.53 5.32(1.5h) 5.20 5.17 0.36
2 6.00 5.63(2h.) 5.63 5.60 0.40
3 6.40 598 (2h.) 5.98 6.00 0.40
4 7.15 7.03(2h.) 6.00 6.0 1.15
5 7.55 7.39(1h.) 6.95 6.95 0.60
6 8.01 7.30(1h.) 6.80 6.75 1.26
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Table 3
Control of pH changes of the Complex solution when storing
No. The glass The solution F)H (standard)
of the grade Type of the stopper Freshly prepared Final product (5.5-6.5)

batch solution (6.2-6.5) Initial data 6 months 12 months
NG-2 52-369/1 6.21 5.86 5.84 5.86
7 V9263,FM140/0 6.21 5.83 5.83 5.85
MTD 52-369/1 6.21 5.85 5.84 5.84
V9263,FM140/0 6.21 5.85 5.86 5.85
NG-2 52-369/1 6.33 5.98 6.00 5.97
8 V9263,FM140/0 6.33 5.98 5.96 5.95
MTD 52-369/1 6.33 5.98 5.98 5.98
V9263,FM140/0 6.33 5.97 5.98 5.96
NG-2 52-369/1 6.47 6.12 6.12 6.11
9 V9263,FM140/0 6.47 6.12 6.10 6.12
MTD 52-369/1 6.47 6.11 6.11 6.09
V9263,FM140/0 6.47 6.12 6.14 6.12

ber stoppers of 52-369/1 grade (“Kyivhuma”, Ltd.) and
V9263, FM 140/0 grade (Helvoet Pharma, Belgium)
were tested. The results of the pH monitoring are shown
in Tab. 3. Control of the quality parameters of the fresh-
ly prepared solution and while storing has shown that
the samples of batches 7-9 in the packing types indi-
cated meet the ND requirements such as transparency,
colour, mechanical inclusions, quantitative content by
their physical and chemical characteristics. The rest in-
dicators also meet the ND requirements. In the bottles
with 52-369/1 grade stoppers on the butylcaoutchouc
basis a specific smell appears (thiuram decomposition),
and it can be prevented by special preliminary stoppers
processing and siliconizing. In the bottles closed with
V9263, FM 140/0 stoppers the smell is not developed.
The indicator “Smell” is not regulated by the ND.

Thus, the optimal pH level that can provide stabi-
lity of the Complex solution on the basis of AA and PA
salts and suitability of the primary packing for the drug
storage has been experimentally confirmed.

CONCLUSIONS

1. Physical, chemical and technological properties of
the initial reagents have been studied. The conditions of
the reaction course between them and the factors affect-
ing the complexing completeness have been determined.

2. The optimal pH level for the complex formation
and maintenance of physical and chemical stability of
the parenteral drug on the basis of aldonic and polycar-
boxylic salts has been theoretically and experimentally
substantiated.

3. The effect of the primary packing on the drug sta-
bility during storage has been studied.
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BUBIP ONTUMAJIbHUX MEX pH ONA NAPEHTEPAJIBHOIO NPEMAPATY HA OCHOBI
COINEN ANbAOHOBOI | NONIKAPBOHOBOI KUCITOTU

H.B.Bea2yHoea

Knrouoei cnnoea: kommnnekcoymeopeHHsi; pH; cmabinbHicmb,; KoHCmaHma cmitikocmi; nepeuHHe
rnakyeaHHsi

[NposedeHO AOCiOXEeHHST 3i CMBOPEHHST HOBO20 MapeHmeparnbHO20 rperapamy, Wo Micmume KOMII-
JIEKCHY CIOMyKy, ompumMaHy 8 pe3yribmami 83acMo0ii 11yKHO3eMerbHOI corli arbOOHOB80I ma J1y»HOi coni
ronikapboHoeoi kucriomu. Ha nidcmasi sus4eHHs1 ¢hi3UKO-XiMIYHUX griacmueocmel 8UXiOHUX peazeH-
mie i gpakmopis, WO ernugarmb Ha MO8HOMY KOMITIIEKCOYMEBOPEHHS, Byru 8U3HadYeHi onmumarbHi
ymosu riepebiey peakuii. Po3paxosaHi yMO8Hi KOHCmaHmu ymeopeHHs1 Komriekcy. OUiHeHO MOXru-
gicmb OMpPUMaHHs1 CMIUKO20 KOMIM/IeKCOHamy 8 PO34UHI MpuU Hass8HOCMI IHUWUX PEYOBUH i fpu Pi3HUX
3HadeHHsx pH. ObyucrieHo npoueHMHULl 8Micm KOMIINEKCY 8 pO34UHi 3 makumu pH. BusHa4eHO 3Ha-
YeHHs1 KucriomHocmi cepedosuwya, ke sapaHmye eghekm KOMIIIEKCOYMBOPEHHS He MeHwe 99%.
lNpoeedeHo OocrnidxeHHs 3 Midbopy nidxoxoeo iHMepsasy pH po34uHy, KOHUeHmMpauisi SK02o po3paxo-
eaHa Ha nidcmasi 3adaHoi pa308oi meparieamu4YHoi 003U | MOfIbHO20 Cri88IOHOWEHHS 8UXIOHUX iHepe-
dieHmis. [Npu 8apito8aHHI KUCIOMHOCMI peakyitiHo20 cepedosulla 8U3Ha4YeHO onmumasibHuUl diana3oH
pH — 8id 6,2 do 6,5. [posedeHo criocmepexeHHsT 3a cmabinbHicmo O0CniOHUX cepili npenapamy,
roMiueHo20 8 rsuwKu 3 080x sudie ckna, 3aKyrnopeHi npobkamu 0eox sudie. Bug4eHo siKicmb pO3HUHY
JlikapcbKO20 rpenapamy 8 Mpoyeci npuaomyeaHHs, rpu rnposedeHHi 8Cb020 MEXHOT02i4HO20 UUKITY
i npu 36epieaHHi 8 Nep8UHHOMY MaKysaHHi. BcrmaHo8rneHo, wo nokKasHUKU SIKOCMIi PO34YUHY C8IKOMpuU-
20moeaH020, Mid Yac i ricsisi 3aKiHYeHHs1 pearaMeHmogaHo20 mepmiHy 36epieaHHsI ma y ecix sudax
rep8UHHO20 NaKysaHHs1 8idnosidarome rokasHuUKam HopmamueHoi dokymeHmauii. OmpumaHri 0aHi rid-
meepOxyromb MpUlHAMHICMb 3arpornoHoeaHo20 Oiarna3oHy pH Ons 3abe3nedyeHHs1 echekmugHocmi
peakuii i cmabinbsHocmi fnikapcbKo20 rpenapamy. B pe3ynbmami docrnidxeHb ecmaHoeeHi ma o6-
e2pyHmMo8aHi rnpuliHAMHI Mexi 07151 00HO20 3 HaliBaXKIIUBILIUX 3MIHHUX ¢hapMauesmuy4HUX rnapamempie
(pH), wo 6yde sukopucmaHo Ha HacmyrnHuUX emariax ¢hapmayesmu4HOi PO3POOKU.

BbIBOP ONTUMAIJbHbIX MPEOEJIOB pH ONA NAPEHTEPAJIbHOIO MNMPEMNAPATA

HA OCHOBE COJIEN AllbAOHOBOU U NONMMKAPBOHOBOU KUCNOTbI

H.B.BeeyHoga

Knroueenie cnoea: komrnekcoobpasosaHue,; pH; cmabunbHocmb; KOHCmMaHma ycmoudugocmu;
repeuyHas yrnakoeka

lposedeHbI uccriedosaHuUsi Mo co30aHUK HOBO20 NMapeHmeparbHO20 rnpenapama, codepxauie2o Kom-
MIEKCHOEe COeOUHEHUe, I0/TyHEeHHOEe 8 pe3yribmame 83aumMo0elicmeust WeroYH03eMerbHOU Conu arb-
00HOB0U U Wesno4HoU cosu nonukapboHosouU Kuciomel. Ha 0CHo8aHUU U3y4YeHUSsT (hUUKO-XUMUYECKUX
ceolicme UCXOOHbIX peac2eHmos U (hakmopos, 8/UsIFOULUX Ha roSTHOMY KoMriieKkcoobpa3osaHusi, bbinu
onpedernieHbl onmumMalsibHble yCriogusi MpomekaHusi peakyuu. Paccyumanbi yCri08HbIe KOHCMaHMmMbl
obpazosaHusi komririekca. OueHeHa 803MOXHOCMb O/TYHEHUST yCmMOUYUB8020 KOMII/IeKCOHama 8 pac-
meope npu Hanu4duu Opyeux eewecms U rnpu pasnuyHbiX 3HadeHusx pH. BbiqucieHo npoyeHmHoe
codepxaHue Komrisiekca 8 pacmeope ¢ makumu pH. OnpedeneHo 3Ha4eHUe KUCIIOMHOCMU cpeobl,
eapaHmupyoujee agpghekm KommnaekcoobpasosaHusi He meHee 99%. [NposedeHsbi uccriedosaHuUsI 1o
nodbopy npuemnemozo uHmepsana pH pacmeopa, KOHUeHmpayusi KoOmopo20 paccyumaHa Ha OCHO-
g8aHuUU 3adaHHOU pa3080l meparnesmu4eckol 003bl U MO/IbHO20 COOMHOWEHUST UCXOOHbIX UH2pedu-
eHmos. [Npu 8apbupoO8aHUU KUCITOMHOCMU peaKUUOHHOU cpedbl onpederneH onmumarbHbil duana3oH
pH—om 6,2 do 6,5. lNposedeHbI HabrirodeHus1 3a cmabuibHOCMbIO OMNbIMHbIX cepull npernapama, rno-
MeuweHHo20 8 bymblIniku u3 08yx UG08 cmekKra, yKyrnopeHHbIe npobkamu d8yx sudos. M3y4eHo Kade-
Cmeo pacmeopa /ieKkapCmeeHHO20 rnpenapama 6 rpouecce rnpu2omoereHus, npu rnposedeHuU 8cezo
MEeXHO/I02UYECKO20 YUKIIa U Mpu XpaHeHUU 8 nepeuyHoll yrakoske. YcmaHoeneHo, Ymo rnokasamesnu
Ka4Yecmea pacmeopa C8exXernpuaomosieHH020, 80 8peMS U 110 OKOHYaHUU peariaMeHmupyemozo cpo-
Ka XpaHeHus1 U 80 8cex sudax nepsuvyHoOU yrnakoeKu coomeemcmayom rokasamerssiM HopMamueHoU
dokymeHmauyuu. NomyyeHHble OaHHbIe MoOmeepx0arom fnpuemnIemMocms npedsioKeHHO20 duara3oHa
pH 0na obecriedeHus aghhekmusHOCMU peakyuu u cmaburbHOCMU fIeKkapCmeeHHO20 rpernapama.
B pesynbmame uccredosaHull ycmaHo8/eHbl U 060CHO8aHbI rnpuemsieMbie rpederibl 07151 00HO20 U3
gaxkHelWwux nepeMeHHbIX hapMayesmuy4yeckux napamempos (pH), umo 6ydem ucronb308aHo Ha crie-
Ayrowux amanax chapmayesmuyeckol paspabomkul.
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The current literary sources have been analysed. The choice of the substance as the main active
ingredient for preparing a drug with the immunomodulatory action in the form of granules has been
substantiated. The study of physico-chemical and pharmaco-technological properties of granules
with bee bread has been conducted. Based on the SPhU method the experimental research in study-
ing fluidity, the value of the angle of repose, bulk volume before and after settling, directly settling
qualities, moisture absorption and moisture content of granulated and common bee bread has been
performed. Dependence of moisture absorption of the drug samples in the form of granules on time
has been studied; disintegration of the test samples of the drug with the immunomodulatory action
based on bee bread granules has been investigated. With the help of the combination of active
substances the indicators of fluidity have been maximally improved; it is considerably necessary for
further development of the drug. It has been shown how the excipients and the method of granulation
affect the technological properties and quality of the drug. Superiority of granulated bee bread over
common bee bread has been studied and experimentally proven by all physico-chemical parameters
and technological properties. The optimal compositions for obtaining an immunomodulator have been
analysed and selected. The samples of granules with bee bread have been obtained and studied.
With the help of physico-chemical and pharmaco-technological investigations the choice of one sam-
ple and the composition of the drug in the form of granules for use as an immunomodulator has been

scientifically substantiated.

Immunity is the most important factor for existence
of all living beings. The essence of its functioning is to
identify, process and remove a foreign body from the
organism. This process of host defense occurs both by
the natural way (i.e., by means of innate immunity) and
artificially (by means of acquired immunity). Both types
of immunity always work in pairs, complementing each
other. Thus, innate immunity performs its work at the
stage of disease (i.e., the initial stage) and at the stage of
recovery (the final stage), and acquired immunity performs
the intermediate function, it identifies and remembers
the virus passed into the body in order the organism to
be ready for reinfection in future.

The main organs in the complex mechanism of the
immune system are lymph nodes, bone marrow, spleen,
thymus gland. They are the first to react to changes in
the defence system of immunity. Moreover, all unfa-
vourable factors affecting the immune system are reflect-
ed exactly on these organs. Such factors include bad
ecological situation; the lack of proteins, vitamins, min-
erals, amino acids, macro- and microelements; poor nu-
trition; overstrain and stress; different chronic diseases;
infectious diseases.

Besides, in case of frequent exacerbation of chronic
diseases (for example, frequent appearance of herpes
or frequent bronchitis), it also indicates that defence of
the organism is not in good order. This list includes also
such important signs as constant exposure to stresses
and constant fatigue.

So, what should be done to increase the body’s re-
sistence and prevent weakening of immunity? The main
natural products that reinforce the immune system are
the products of apiculture; among them bee bread is the
most useful for the immune system.

Bee bread is pollen collected by bees and proccessed
by lactic fermentation, it is preserved in the combs under
a layer of honey. This product is unique by its compo-
sition, it is almost impossible to produce it artificially.
Bee bread contains the basic vitamins for immunity
improvement (A, C, P, E, as well as B vitamins), the
complex of amino acids, minerals, macro- and micro-
elements. Bee bread helps the resistance of the immu-
ne system to various pathogens as it exhibits the anti-
microbial properties.

A wide distribution and occurrence of new infec-
tious diseases, appearance of antibiotic-resistant strains
of pathogenic microorganisms, as well as development
of severe complications in immunodeficient patients with
infectious and non-infectious pathology cause the ur-
gent need to use immunomodulatory and immunostimu-
lating drugs when treating people.

The current synthetic drugs with the immunomodu-
latory and immunostimulating action are famous for the
fact that for a time they build up a tolerance, and bacte-
ria also cease to react to them after some time. But bee
bread is valuable because it does not cause tolerance in
microorganisms and can fight against them for a long
time.
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Table 1

Physico-chemical and pharmacotechnological

properties of active substances

Values
The name of the indicator bee bread %ranulated
ee bread
Fluidity, g/s infinite 1.98+0.03
Angle of repose, degrees absent 36.04+0.9
Bulk volume, (V,), ml 175.20+£2.80|175.45+4.80
Settled volume, (V,,), ml 169.64+2.80|168.05+2.30
Settled volume, (Vy,,), ml 143.30+3.30{158.32+2.56
Settled volume, (V,,5,), ml 139.15+4.22|157.34+1.81
Settling qualities, (V,,-Vs,), ml | 29.73£2.83 | 11.65+1.41
Bulk density, (m/V,), g/ml 0.53+0.01 | 0.58+0.01
Tapped density, (m/V,,s,), g/ml | 0.71+0.01 | 0.64+0.01
xf'ﬁzur:iaz%icc”r%'O” N 100% | 3154035 | 14.58+1.10
Moisture content, % 19.15+1.10 | 4.25+0.21

Note. The number of measurements n =5, P = 95%.

To solve the problem of immunodeficiency there is
a need in creating the composition and technology of a
new, cheap, natural and promising drug for improving
the immune properties of a human organism based on
such apiculture product as bee bread described above.

That is why in the research laboratory of the National
University of Pharmacy under the supervision of acade-
mician of the NAS of Ukraine, Doctor of Pharmacy,
professor of the NUPh, O.I.Tikhonov the composition
of a solid drug with the immunomodulatory action has
been developed on the basis of bee bread and the proper-
ties of the active substance in the granulated form have
been maximally studied.

Experimental Part

The study of fluidity of the active substance and the
samples of granules was performed according to the me-
thod of the SPhU (p. 2.9.16, art. 163-164), using the funnel
method with a shaker [3]. To improve the fluidity of the mix-

ture of the active substances the studies were conducted
adding such antifriction substances and excipients as
aerosil, microcrystalline cellulose, mannitol, as well as
such fillers as lactose monohydrate, potato starch, suc-
rose, which, in their turn, were also the sweeteners in the
composition of the drug being developed. Using protrac-
tor the value of the angle of repose was also determined.

The bulk volume, settling qualities, bulk density and
tapped density of the mixture of the active substances
were determined according to the method of the SPhU
(p. 2.9.15, art. 163-163) using a 545P-AK-3 device [3].
The research results obtained are given in Tab. 1.

To determine the value of moisture absorption the
mixture of the active substances with regulators of hu-
midity was placed in the previously weighed weighing
bottles with the diameter of 29+0.5 mm and the height of
35 mm and the desiccator with the diameter of 140 mm.
The research was conducted under the following condi-
tions: ambient temperature — 18-20°C, humidity — 100%
created with the help of purified water. The moisture con-
tent in the reference substances and the test samples was
determined according to the method of the SPhU (p. 2.9.36,
art. 58-59) using a VT-500 device [3, 10, 13].

Results and Discussion

The results of studying physico-chemical and pharma-
cotechnological properties of active substances (fluidi-
ty, angle of repose, bulk volume, bulk density, settling
qualities, moisture absorption and moisture content) are
given in Tab. 1.

As seen from the data of Table 1, granulated bee
bread (DSTU (State Standards of Ukraine) 7074:2009)
has better technological properties than common bee
bread according to the values of pharmacotechnologi-
cal parameters, therefore, the use of previously granu-
lated bee bread is more rational when developing the
composition of a new drug in the form of granules.

The next stage of our research was distribution of
the active substance in the ratio substantiated previously.
Then such excipients as aerosil and microcrystalline cel-
lulose were added into the composition of the mixture
to improve its fluidity. Using of the substances men-

Table 2

Physico-chemical and pharmacotechnological properties of granules

The name of the indicator Composition 1 Composition 2 Composition 3
Fluidity, g/s 3.07+0.11 4.46+0.27 3.35+0.19
Angle of repose, degrees 35.0+1.0 28.9+1.9 32.8+0.7
Bulk volume, (V,), ml 287.03+4.07 278.04+9.48 276.88+2.57
Settled volume, (V,,), ml 281.24+£3.91 270.18+3.36 268.28+2.85
Settled volume, (V,,,), ml 262.08+4.64 257.16+5.23 248.40+£1.98
Settled volume, (V,,.,), ml 257.55+3.35 248.38+2.36 240.14+2.98
Settling qualities, (V,,-V.,,), ml 18.53+0.85 13.72+1.14 19.58+0.65
Bulk density, (m/V,), g/ml 0.34+0.01 0.36+0.01 0.36+0.01
Tapped density, (m/V,,), 9/ml 0.39+0.01 0.40+0.01 0.40+0.01
Moisture absorption in 100% rel. hum., 20°C, % 8.61+0.58 3.35+0.43 4.45+0.75
Moisture content, % 4.02+0.19 1.93+0.09 3.09+0.14

Note. The number of measurements n =5, P = 95%.
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Fig. 1. Dependence of moisture absorption of the drug samples in
the form of granules on time.

tioned did not help to achieve significant improvement
of fluidity of the mixture.

To achieve the purpose the method of wet granula-
tion was used. As wetting agents Plasdone K 29/32 al-
cohol solution (composition 1), Plasdone K 29/32 aqueous
solution (composition 3) and 70% ethyl alcohol (com-
position 2) were used.

With the purpose of studying physico-chemical and
pharmacotechnological properties the samples of a new
drug with the immunomodulatory action obtained in
the form of granules were carefully researched. The re-
sults are given in Tab. 2.

As seen from Tab. 2, composition 2 of granules is
significantly different from the rest by some indicators,
namely fluidity is much better and sufficient for dosing
the drug in industrial conditions, its settling qualities
are less than in other samples, therefore, it indicates the
less settling qualities.

Sample No.2 also has the least value of moisture
absorption and moisture content (Fig. 1), and it has a
positive effect on the shelf life and storage conditions
of the drug.

The indicators of the pharmacotechnological pro-
perties of the drug have been achieved by the combina-
tion of the active substance and wet granulation using
70% alcohol.

The indicators of pharmacotechnological properties
of the drug have been achieved by the combination of the
following excipients, namely aerosil as an antifriction
substance and humidity regulator; lactose used simulta-
neously as a filler and a flavour (a sweetener), it has an

Samples of the drug 3

Fig. 2. Disintegration of the test samples of the drug with the
immunomodulatory action in the form of granules.

additional positive effect on improvement of the gran-
ules fluidity.

Further disinegration of a new drug in the form of
granules was studied, the results are presented in Fig. 2.

As seen from the data of Fig. 2, sample No.1 has the
best indicator of disintegration, it is explained by the
rational choice of a wetting agent —70% alcohol, which
additionally purifies the drug.

Moreover, the use of Plasdone K 29/32 solutions
with different concentrations (from 1 to 5%) as a wetting
agent allows to obtain too strong granules, which have
very slow disintegration. It negatively affects the rate of
the drug absorption, and consequently, inhibit the rate
of onset of the therapeutic effect expected.

CONCLUSIONS

1. The literary sources concerning the causes of oc-
currence and development of immunodeficiency and the
possibility for its prevention and treatment using immu-
nostimulating and immunomodulatory drugs have been
studied, analysed and generalized.

2. The choice of the active substance for developing
the composition of granules with the immunomodulatory
action on its basis has been maximally substantiated.

3. The physico-chemical and pharmacotechnologi-
cal studies have been conducted with the purpose of se-
lecting excipients in the composition of the drug being
developed.

4. The necessity of wet granulation using 70% al-
cohol as a wetting agent required for development of
the composition and formulation of a new drug with the
immunomodulatory action has been proven.
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PO3POBKA CKIAQY NIKAPCbKOIo IMYHOMOAYINIOKYOIro 3ACOBY Y ®OPMI F'PAHYIN

HA OCHOBI NEPI'n

B.T.Kydpuk, O.l.TuxoHos

Knroyoei cnoea: nepea; epaHynu; i3uKo-xiMidHi OOCIOXKEHHST;, hapMaKomMexHOMo2iyHi
00CidOKeHHSs

lpoaHanizosaHi cy4yacHi nimepamypHi 0aHi. ApaymeHmosaHul 8ubip cybcmaHuii 8 SKocmi OCHOBHOI
Oito40i peqosuHU Or1s1 Ipu2omyeaHHs JlikapcbKo20 iMyHOMOOYIIHO4Y020 fpernapamy y popMi epaHyrl.
[NposedeHo 8UBYEHHST YI3UKO-XIMIYHUX | ghapMaKkomexHOooaivHUX ernacmugocmel epaHys 3 Mepaoro.
3a memodukoro A®Y nposedeHi ekcriepumeHmarbHi 0CIOXEeHHS 3 8UBYEHHS MIUHHOCMI, 8e/uYu-
HU Kyma npupodHO20 yKOCy, HacurHo20 ob6’emy 0o i nicns ycadku, 6esnocepedHbo 30amHocmi 0o
ycalKu, 8051020M02/1UHaHHS ma 80/10208MiCmMy repau epaHynb08aHoI i nepeu 3suyaliHoi. BusyeHa
3arnexHicmpb 8051020M02/1UHaHHS 3pa3kKie npenapamy y ¢hopmi epaHy 8id Yacy, a makox po3nad
docnidxysaHux 3paskie npenapamy iMmyHoMoOysow4oi Oif Ha OCHO8I epaHyrn nepau. 3a AornoMoz0to
KomMbiHauii Giro4ux pevyosuH byriu MakcuMasibHO MOIMUWeEHI MOKa3HUKU MITUHHOCMI, W0 OyXxe Heobxio-
HO 0r1s nodanbwoi po3pobku npenapamy. [Noka3aHo, 5K ennuearoms OONOMiKHI Ppeqdo8UHU i criocib
2paHyneaHHs Ha MexHO02ivHIi enacmueocmi ma sikicmbs ripenapamy. BugyeHO ma ekcriepumeH-
marbHO 0o8edeHO repesgazy nepau epaHyrnbosaHoi Had repaor 38u4valiHOK 3a 8ciMa (hi3UKO-XiMid-
HUMU roKa3HUKaMu ma mexHoso2idyHuUMu eracmusocmsiMu. [poaHarnizoeaHi ma eidibpaHi onmu-
MarbHi ckradu 0rsi ompuMaHHs1 iMyHOMOOY 04020 3acoby. OmpumMaHi ma eusyeHi 3pasku 2paHysi
3 nepaoto. 3a 00NoMOo20K rPOBeOeHHST I3UKO-XIMIYHUX | ¢hapMakomexHono2iyHuUx O0CiOKeHb Ha-
ykogo dogedeHull subip 00HO20 3paska ma cknady nikapCbKo20 npenapamy y chopmMi epaHyn Ons
8UKOPUCMaHHS 8 IKOCMI iMyHOMOOYITHOHY020 3acoby.

PA3PABOTKA COCTABA JIEKAPCTBEHHOIO MMMYHOMO[LYJTMPYIKOLLEIO CPELOCTBA

B ®OPME 'PAHYI1 HA OCHOBE NMNEPI'U

B.T.Kyodpuk, A.U.TuxoHoe

Knroueenle cnioga: nepea; 2paHyribl; (hU3UKO-XUMUYECKUE UCCIe008aHUS;
ghapmakomexHornoau4yeckue uccriedosaHusi

lNpoaHanusuposaHbl COBPEMEHHbIE TumepamypHbie daHHbIe. ApayMeHmuposaH 8b160p cybcmaH-
uuu 8 Ka4ecmee 0CHOBHO20 Oelicmayrowie20 seujecmeaa 01151 IPU20MOoBIeHUs JIEKapCMBEeHHO20 UM-
MyHoMOOynupytowez0 npenapama 8 gpopme epaHyrn. [IpogedeHo usydeHuUe hu3uKO-XUMUYECKUX U
ghapmakomexHooau4eckux ceolicma epaHyr ¢ nepaol. 1o memoduke @Y nposedeHbl aKkcrnepu-
MeHmarsbHble uccrnedo8aHus Mo U3yHeHUK MeYeHUsl, 8eIUYUHbI yera npupoOHO20 yKoca, Hachlr-
Hoeo obbema Ao u nocrie ycadku, HernocpedcmeeHHO criocobHocmu K ycalke, 8/1a20roe/ioWeHust u
grnazocodepxaHusi repau 2paHynuposaHHoOU U repau 0bbI4HOU. M3ydyeHa 3agucuMocmb 6/1a2orno-
arnoweHusi obpa3syos ripenapama 8 hopme epaHysi om 8peMeHU, a makxe pacrnad uccriedyembix
obpasyos npenapama UMMyHOMOOyrnupyrou,eeo delicmeusi Ha ocHose epaHyrn rnepau. C noMouwbo
KomMbuHayuu delicmeyrowux 8ewecms MakCuMarsbHO YrlyHUeHbl noKkas3ameru meYyeHusl, Yimo O4YeHb
CuribHO Heobxodumo 0nis OanbHelwel pa3pabomku npernapama. [Toka3aHo, KaK e/usiom 8crioMo-
eamernbHble geujecmea u crnocob epaHynupo8aHusi Ha MexHoIo2u4YecKue ceolicmea U Kadecmeo
npenapama. VIayyeHo u skcrepumeHmarnbsHO O0Ka3aHO rpesocxo0cmeo nepau epaHynupo8aHHoOU
Had 06bI4HOU 10 8CeM (hU3UKO-XUMUYECKUM oKasamesisiM U mexHonoaudeckum ceoticmeam. [1po-
aHasnu3uposaHbl U 0mobpaHbl onmuMarbHble cocmasbl 0715 MoyYeHUsT UMMYHOMOOYIUPYOWe2o
cpedcmea. lNonyyeHbl U udyyeHbl 0bpasubl epaHysn ¢ nepaol. C MoMowbr MposedeHust hu3UKO-Xu-
MUYECKUX U ghapMaKOmexHOI02u4ecKux uccriedosaHull Hay4HO doka3aH ebibop 00HO20 obpa3ua u
cocmaea fiekapcmeeHHOo20 rpernapama 8 popme epaHyi 07151 UCMOIb308aHUS 8 Ka4ecmee UMMYHO-
modynupyroujezo cpedcmaa.
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Recently different excipients, including colouring agents, are often used to give a marketable appear-
ance and improve the consumer characteristics of drugs. Usually they are applied in the composi-
tion of medicines for internal use (tablets, capsules, syrups, troches, lozenges, etc). Synthetic azo
dyes — a group of compounds obtained by the coupling reaction of sulfonaftilamines and diazotised
sulfoanilines with aromatic or heterocyclic phenols are the most widely used in the pharmaceutical
practice. Compounds of this group give bright, easily reproducible colours, they are resistant to the
light, oxidants, reducing agents, pH changes and less sensitive to different types of technological
impact. Synthetic azo dyes are poorly absorbed from the intestines after intake, but they can form
ion associates with salts of organic bases, including with drugs, and it may alter their bioavailability.
The aim of our work was to determine the partition coefficient of the ion associate of a synthetic food
azo dye carmoisine with the medicinal substance chlorpheniramine maleate in the water-chloroform
system and to study the stoichiometric ratio of the components in this ion associate. The partition
coefficient in the water-chloroform system has been determined spectrophotometrically. It is 3.44,
indicating that the ion associate is more soluble in water than in chloroform. The stoichiometric ratio
of carmoisine and chlorpheniramine maleate in the resulting ion associate has been determined by
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HPLC, and itis 1:2.

In today’s competition producers face the challenge
not only to provide consumers with qualitative, effective
and safe drugs, but also to defend the competition in its
segment of the pharmaceutical market. Various excipi-
ents, including food dyes, are widely used to improve the
consumer characteristics. In the pharmaceutical indus-
try synthetic azo dyes, in particular carmoisine (E 122),
are the most commonly used [6-9]. Carmoisine, a red
coloured synthetic food azo dye, is a derivative of di-
azosulfonaphthalenes, a crystalline substance that is solu-
ble in water [5, 10].

Earlier when developing the method for quantita-
tive determination of carmoisine in the composition of
drugs we have found that it is capable to form ion asso-
ciates with organic amines, particularly with such me-
dicinal substance as chlorpheniramine maleate and to
extract with an aqueous solution of chloroform in this
form [3, 4].

Chlorpheniramine maleate (3-(4-chlorophenyl)-N,N-di-
methyl-3-pyridin-2-yl-propan- 1-amine) is the active phar-
maceutical ingredient of the synthetic origin. It is a white
crystalline powder, easily soluble in water, soluble in
ethanol and poorly soluble in diethyl ether. It exhibits
the cholinolytic and antihistaminic action [2].

The aim of our research is to calculate the partition co-
efficient in the water-chloroform system and to study fur-
ther the ratio of the components in the ion associate formed.

Materials and Methods

To calculate the partition coefficient in the water-
chloroform system the extraction was performed accor-
ding to the following procedure: to a separating funnel
place 4.0 ml of 0.001 M carmoisine solution and 6.0 ml
of 0.001 M solution of chlorpheniramine maleate, add
30.0 ml of phosphate buffer solution with pH 4.2 and
extract with 20.0 ml of chloroform saturated with water.
Measure the absorbance of the extract at the absorption
maximum of 523 nm. The blank solution is chloroform.
Then to the chloroform extract add 25.0 ml of the buffer
solution and perform the extraction once more. Measure
the absorbance of the resulting aqueous layer on a spec-
trophotometer at the wavelength of 517 nm. The blank
solution is phosphate buffer solution.

The method for obtaining the associate. Prepare
aqueous solutions of chlorpheniramine maleate and car-
moisine in equal molar concentrations. In a separation
funnel place 15.0 ml of phosphate buffer solution, add
1.5 ml of chlorpheniramine maleate, 3.5 ml of carmoisine
and mix. Then carry out a single extraction using 10.0 ml
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of chloroform. Transfer the chloroform extract of the
ion associate into an evaporating dish, evaporate chlo-
roform, dissolve a dry residue in 96% ethanol, transfer
quantitatively into a 10.0 ml volumetric flask and dilute
to the volume with the same solvent.

The extract obtained was determined chromatogra-
phically. In parallel, under the same conditions, aqueous
standard solutions used to obtain the associate were
chromatographed.

In our work the following reagents were used: a
standard sample (SS) of chlorpheniramine maleate and
carmoisine, phosphate buffer solution with pH 4.2, chlo-
roform, purified water.

The analytical equipment was Agilent 1100 liquid
chromatograph, Axis electronic analytical balances and
measuring glassware of class A.

The chromatographic conditions were as follows:

* the column — 150%3.9 Xterra RP18; grain size is

5 micron;

* the mobile phase — acetonitrile/water, 50/50;
» detection at wavelength — 215 nm;

e the eluent rate — 1 ml / min;

* the dosing volume — 5 microlitres.

Results and Discussion

With the help of the absorbances obtained and the
specific absorption rate calculated previously the con-
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centrations of carmoisine in chloroform and buffer so-
lution were calculated. The partition coefficient was cal-
culated by the formula:

K=C,/C,

where: C, — is the carmoisine concentration in water
after the second extraction; C, — is the concentration of
carmoisine in chloroform.

The data obtained has shown that the partition coef-
ficient in the water-chloroform system is 3.44, i.e. the
ion associate formed is more soluble in water than in
chloroform.

Carmoisine is a disodium salt of dibasic sulfoacid,
which dissociates in the aqueous solution to form an an-
ion with a charge of 2-, and chlorpheniramine maleate
containing the dimethylamino group and the pyridine
ring in its composition is the salt of a weak dibasic con-
jugated organic acid. Theoretically, it can provide two
series of salts — with the protonated dimethylamino
group and a monobasic cation of maleic acid, wherein
the negative charge is delocalized over the entire mol-
ecule, or the protonated dimethylamino group and the
pyridine nitrogen, as well as a dibasic cation of maleic
acid. The latter version is less likely because of the
reduced basicity of the pyridine nitrogen and the low
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Fig. 1. The scheme of chromatogram of standard solutions of chlorpheniramine maleate (1) and carmoisine (2).
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Fig. 2. The scheme of the chromatogram of the ion associate chloroform extract.
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Fig. 3. The scheme of the chromatogram of the ion associate
chloroform extract in 0.01 M NaOH solution.

acidity of maleic acid according to the second stage of
dissociation due to delocalization of the first negative
charge. It can be assumed that one molecule of carmoi-
sine and two molecules of chlorpheniramine will enter
the reaction of the ion associate or, less likely, the ratio
of the components will be 1:1.

This assumption was verified by the isomolar series
method, the result of which showed that the optimal ra-
tio was 3:7 [1].

During investigation by the HPL.C method there are two
clearly separated peaks corresponding to chlorphenirami-
ne and maleate on the chromatogram of the standard solu-
tion of chlorpheniramine maleate (Fig. 1). In the chroma-
togram of the standard solution of the dye a clear peak,
which corresponds to carmoisine, is observed (Fig. 1).

In the chromatogram obtained with the chloroform
extract of the ion associate (Fig. 2), there is an unsepa-
rated peak, indicating that in these chromatographic con-
ditions the ion associate is quite stable and not subjec-
ted to chromatographic separation.

We decided to try to destroy the resulting ion associ-
ate using 0.01 M sodium hydroxide. To do this, the re-
sulting dry residue was dissolved in 0.01 M solution of
NaOH, quantitatively transferred to a 10.0 ml volumetric
flask and diluted to the volume with the same solvent.

In the chromatogram of the extract obtained (Fig. 3)
the characteristic peak of carmoisine and the charac-
teristic peak of chlorpheniramine are clearly visible.
The relation of peak areas of carmoisine and chlorphe-
niramine shows that the ratio of the components in the
associate is 1:2.

CONCLUSIONS

1. The partition coefficient calculated in the water-
chloroform system is 3.44; the ion associate formed is
more soluble in water than in chloroform.

2. It has been determined by HPLC that the stoi-
chiometric ratio of chlorpheniramine maleate and car-
moisine is 1:2.
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BCTAHOBJIIEHHA CTPYKTYPU IOHHOIO ACOLIIATY XAPYOBOIO A3BOBAPBHUKA
KAPMOI3UHY 3 XNTIOPO®EHIPAMIHY MAJNIEATOM

A.C.MamepieHko, B.O.Ipydbko, B.A.XaHiH, B.A.[eopzisiHy,

Knroyoei crioea: kapmoi3uH; xriopogheHipamiHy Maneam, ioHHI acoyiamu; BEPX

OcmaHHim Yacom Or1s1 HalaHHSI Mo8apHo20 8uas1sidy i MOMIMNWEeHHST CIOXUBYUX XapakKmepucmuk i
KapcbKux 3acobig Yyacmo 3acmoco8yromb Pi3Hi QOMOMIKHI pe4o8UHU, 8 moMy Yucsi i 6bapeHUKU. 3a-
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38uyali nidgphapbosyroms niku 0511 BHYmMpilWHb020 3acmocysaHHs (mabrnemku, Kkarcynu, cuponu, opa-
XKe, macmuriku ma iH.). Halb6inbw wupoko y ¢hapmauesmuyHilti npakmuui 8UKOPUCIMO8YHMbCS CUH-
memudyHi a30b6ap8HUKU — epyrna pevo8uUH, OmMpUMaHUX 3a peakuieto a3ocrony4yeHHs1 0ia30moeaHux
CyrnbgboaHiniHig i cyrbghoHachmuiamiHie 3 apoMamuyHUMU YU 2emepoyUKITiYHUMU ¢heHonamu. CrionyKu
OaHoi epynu Oaromb sicKpasi, 1e2ko 8i0meoprogaHi Korbopu, cmiliki 0o dii ceimiia, OKUCHUKI8, 8i0HO8-
HuKie, 3MiH pH i meHw dymiiugi 0o pi3HUX sudie mexHomo02i4Ho20 ennusy. CuHmemu4Hi a3obapeHUKU
nicns nputomy ecepeduHy rno2aHo 8CMOKMYMbCS 3 KUWEYHUKa, pome 80HU 30amHi ymeoptosamu
IOHHI acouiamu 3 Co/IIMU Op2aHiYHUX OCHO8, 8 MOMY YUC/Ii i 3 JlikapCbKUMU 3acobamu, Wo Moxe
3miHr8amu ix 6iodocmyrnHicme. Memor Hawoi pobomu byno eusHa4yeHHs1 KoegbiyieHma po3nodiny
IOHHO20 acoyiamy xap408020 CUHMEeMmMU4YHo20 a3obap8HUKa KapMOI3UHY 3 JTIKapCbKOH PEYO8UHO
XriopogpeHipamiHy maneamom y cucmemi 800a-xnopoghopm ma O0C/IOKEHHSI cmexioMempu4yHo20
Cr1iegiOHOWEeHHS] KOMITOHEHMI8 y yboMy ioHHOMY acouyiami. KoegiuieHm po3nodiny & cucmemi 8oda-
X/10p0ghOpM 8U3HaYau crekmpogomomempuyHo. BiH cmaHosums 3,44, mobmo ioHHuUU acouiam
Kpauie po34uHsiembCs y 800i, HiX y xropoghopmi. Memodom BEPX ecrmaHogrneHo crmexiomempuyHe
Crig8iOHOWEHHST KapMOI3UHY ma X/10pOoeHipamiHy maneamy 8 ymeopeHoOMy IOHHOMY acouyiami, sike
cmaHosums 1:2.

OMNPEQJENEHUE CTPYKTYPbl MOHHOIO ACCOLIMATA NMULLEBOIO A3OKPACUTENA
KAPMOU3UHA C XITOP®EHUPAMUHA MAJTIEATOM

A.C.MamepueHko, B.A.Ipydbko, B.A.XaHuH, B.A.eopausiHy,

Knroueenie croea: kapMou3uH; xropgheHupamuHa Maneam; UOHHbIe accoyuamai; BOXKX

B riocrie0Hee spems 0ng npudaHus moeapHoe20 8uda u yryHueHuUs nompebumernbcKkux xapakme-
PUCMUK JTIeKapCMBEHHbIX Cpedcme Yacmo NPUMEHSIFOM pasfiuyHble 8CrTIOMO2amersibHblIe 8eLecmaa,
8 mom 4qucne u Kpacumenu. ObbI4HO NodKpawuearom fekapcmea Onsi 6HYyMPEeHHe20 NPUMeHeHUs
(mabnemku, Karcyrnbi, cuponsl, dpaxe, nacmusku u 0p.). Hauboree wupoko 8 thapmayesmuyeckol
fpakmuke Ucronb3yrmcecsi CUHMemu4Yyeckue a3okpacumenu — 2pyrnna 8euwecms, rnosyYeHHbIX o
peakyuu azocodemanusi OUa3omupo8aHHbIX CyribghOaHUMUHO8 U CyribghoHachmuiaMuHoO8 ¢ apoMamudye-
CKUMU uniu 2emepoyukiudyeckumu gpeHonamu. Kpacumeru 0aHHOU epyrinbl 0atom sipKue, Jie2Ko 80C-
rpou3sodumbie ysema, ycmoul4usbie K ceemy, OKUCIIUMEsISiIM, 80CCMaHOo8UMESISIM, USMeHeHUsIM pH u
MeHee 4yecmeumeribHbIe K PasfudyHbiM eudamM mexHosrio2u4eckoao 8o3delicmeaus. CuHmemuyeckue
asokpacumeru riocsie ripuema 6Hympb M10X0 8Cachl8aOMCs U3 KUWEYHUKa, OOHaKO OHU CrIOCOBHbI
06pasoebigamb UOHHbIE accoyuambl C COMSMU Op2aHUYeCcKUX OCHO8aHUU, 8 MOM Yucsie U C 5iekap-
CMeeHHbIMU cpedcmeamu, Ymo MOXem rpusecmu K U3MeHeHuto ux buodocmynHocmu. Llenbto Ha-
wel pabomel bb1r10 onpedernieHue KoaghguyueHma pacrpedenieHuss UOHHO20 accoyuama nuuesozo
CUHMEemu4YeCcKo20 a3oKpacumersisi KapMOU3UHa C JIeKapCmeeHHbIM 8eU,eCmeoM X10pgheHuUpamMuHa
Marnieamom 8 cucmeme 800a-xs10pohopM U uccriedo8aHus CmexuoMempu4ecko20 COOMHOWEHUS
KOMMOHEHmMo8 8 amomM UoHHOM accoyuame. KoaghgbuyueHm pacripedeneHuss 8 cucmeme goda —
xropoghopm onpedesnsanu cnekmpogpomomempuyecku. OH cocmasnsgem 3,44, ymo 2oeopum o f1yy-
wel pacmeopumocmu accoyuama 8 eode. Memodom BOXKX ycmaHoeneHo cmexuomempu4yeckoe
COOMHOWeEHUEe KapMou3uHa U xJiopgheHupamuHa maseama 8 obpa3ogaHHOM UOHHOM accoyuame,
Komopoe cocmaerisem 1:2.
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DEVELOPMENT OF THE KINETIC-SPECTROPHOTOMETRIC

METHOD FOR QUANTITATIVE DETERMINATION
OF ZOPICLONE IN TABLETS BY THE PERHYDROLYSIS
REACTION
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3,3°,5,5 -tetramethylbenzidine

A simple and express method for the quantitative determination of zopiclone in model solutions of
the substance and in “Zopiclone” tablets, 7.5 mg, by the kinetic-spectrophotometric method accor-
ding to 3,3’,5,5-tetramethylbenzidine oxidation has been developed. It is based on the system of two
coupled reaction: 4-methyl-1-piperazineperoxycarboxylic acid generated in zopiclone perhydrolysis
reacts with the excess of hydrogen peroxide in the weak alkaline medium with formation of coloured
3,3’,5,5-tetramethyldiphenylquinone diimine (A, = 420 nm, pH = 8.4). The reaction is performed
spectrophotometrically by measuring the rate of change of the absorbance at 420 nm. The method
was used for constructing the calibration graph. The initial rate of the reaction was obtained from the
linear site of the slope of the initial tangent to the absorbance-time curve. In the pH range of 8.2-8.5
the rate of the coloured product formation becomes maximum. The calibration graph for zopiclone has
a linear dependence in the range of 6-36 mg/l with the limit of detection (LOD) and quantitation (LOQ)
of 1.81 and 6.04 mg/l, respectively. For five determinations of 18, 24 and 30 mg/| of zopiclone RSD is
1.81, 1.46 and 1.69%, respectively. The analytical performance of the method was validated statisti-
cally with respect to LOD, LOQ, accuracy, precision and linearity for zopiclone estimation in a pure
substance and the results were satisfactory. “Zopiclone” tablets compared to the reference method
contain 99.83+1.19% of C,,H,,CIN,O, (RSD = 0.96% , & = -0.17%). The assay of zopiclone in the pre-
sence of its hydrolysis products without preliminary separation is an important advantage of the method.
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Zopiclone (6-(5-chloro-2-pyridyl)-6,7-dihydro-7-oxo-
SH-pyrrolo-[3,4-b]pyrazin-5-yl-4-methylpiperazine-1-
carboxylate) is an ester with similar sedative, anxiolytic,
muscle relaxant, amnestic, and anticonvulsant proper-
ties to those of benzodiazepines. It is used as a hypnotic
in the short-term treatment of insomnia [10]. Zopiclone
is the subject of the British Pharmacopoeial monographs.
The B.Ph. describes a non-aqueous titrimetric method
for its determination in its bulk and liquid chromatogra-
phy for tablets [4].

Some analytical procedures have been described for
zopiclone determination in bulk, pharmaceutical formula-
tions and/or biological fluids, which include liquid chro-
matography coupled with different highly sensitive detec-
tors [5-8, 12], gas chromatography [9], capillary elec-
trophoresis [11].

A simple kinetic method of the zopiclone determi-
nation by its perhydrolysis product with p-phenetidine
as a chromogenic substrate was previously proposed [1].
The assay of zopiclone in the presence of its hydroly-
sis products and sensitivity is a distinctive advantage of
this method.

The aim of this work was to develop a new kinetic
method of the quantitative determination of zopiclone us-
ing the indicator reaction of 3,3°,5,5 -tetramethylbenzidi-
ne (TMB) oxidation by hydrogen peroxide in the weak
alkaline medium.

Materials and Methods

97% 3,3’,5,5’-tetramethylbenzidine dihydrochloride
hydrate (Aldrich, Germany), 96% ethyl alcohol (Dubo-
vyazivskiy distillery, Ukraine), 30% solution of hydro-
gen peroxide prepared from 50% hydrogen peroxide of
medical quality (“Inter-Synthesis” LLC, Borislav, Uk-
raine), double-distilled water (DDW). “Zopiclone” tab-
lets, 7.5 mg, No. 10 (“Lubnypharm” JSC, Ukraine), batch
No. 10313 (quality certificate No. 316) were used for the
analysis.

To create and maintain the pH required 0.2 M phos-
phate buffer with pH 8.4 prepared according to Green
was used. For this purpose 12 g of NaH,PO, was dis-
solved in 450 ml of DDW and 50.6 ml of 1.9 mol/l NaOH
was added, pH was monitored potentiometrically.

Preparation of TMB working solution with the mo-
lar concentration of 1x107 mol/l. Dissolve 0.313 g of
the accurately weighed portion of TMB in a 100 ml volu-
metric flask in 50 ml of 96% ethanol. Dilute to the volume
with DDW at 20°C and shake thoroughly.

Preparation of zopiclone working standard solution
(WSS), 0.3 mg/ml (c =7.7x10* mol/l). Dissolve 0.0300 g
of the zopiclone substance in 96% ethanol in a 100 ml
volumetric flask, dilute the solution to the volume with
the same solvent and mix thoroughly.

All the chemicals and reagents were of analytical
grade and the solutions were freshly prepared.
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Fig. 1. Chemistry of zopiclone perhydrolysis and coupled TMB peroxyacid oxidation.

All spectrophotometric measurements were made
on a SF-46 spectrophotometer (LOMO, USSR) with 1 cm
matched quartz cells. The pH of the solutions was moni-
tored by a glass electrode of ESL 43-07 type (the re-
ference electrode — a silver/silver chloride electrode of
EVL-1M3.1 type) on a laboratory I-130 ionometer (“Ana-
lytpribor”” Research and Production Association).

The method of obtaining the data for the calibra-
tion curve. Transfer consistently 10 ml of 0.2 mol/l buf-
fer solution (pH = 8.4) into a 25 ml volumetric flask
adding from 1 to 5 ml of 0.3 mg/ml WSS, 6.0 ml of
1x102 mol/l TMB solution, 2 ml of 5,6 mol/l H,O,, dilute
to the volume with DDW at 20°C and shake thoroughly
for 30 sec. Measure the optical density of the solution
obtained at 420 nm vs. blank solution (without the sub-
stance to be examined). Control the time from the mo-
ment of mixing the solution with the stop-watch.

The results obtained were processed according to
the recommendations of the International Union of Pure
and Applied Chemistry (IUPAC) [3] and the State Phar-
macopeia of Ukraine (SPhU) [2] using mathematical
statistics methods. Accuracy verification was performed
by “input-output” analysis of the model solution. The
content of the active substance in “Zopiclone” tablets,
7.5 mg, was determined by the method of standard.

Results and Discussion

The reaction involved in the present study is based
on the perhydrolysis reaction of zopiclone with the ex-
cess of hydrogen peroxide in the weak alkaline medium
forming 4-methyl-1-piperazinepercarboxylic acid (PA).
Then PA formed reacts with TMB to give coloured
3,3’,5,5 -tetrametyldiphenoquinone diimine derivative,
which exhibits absorption maxima at 420 nm, pH = 8.4
(Fig. 1).

The present study was devoted to the involvement
of this colour reaction in the determination of zopiclone.

It has been shown that hydrolytic cleavage products
that are present do not interfere the zopiclone determi-
nation. The maximal rate of the coloured product for-
mation was observed in the pH range of 8.2-8.5. The
initial rate of the reaction was obtained from the linear
site (3-10 min) of the slope of the initial tangent to the
absorbance—time curve (Fig. 2).
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Fig. 2. Absorbance-time curves

of 3,3,5,5-tetrametyldiphenoquinone diimine accumulation
for the reaction of different concentrations of zopiclone

with TMB (2.4x10-® mol/l) and H,0, (0.448 mol/l) at pH=8.4.

As can be seen from Fig. 2, the initial rate increases
with the increase of zopiclone concentration. Since the
concentration of TMB and hydrogen peroxide is much
higher than the analyte concentration, the course of the
indicator reaction became of the pseudo first order with
respect to zopiclone, therefore, its perhydrolysis is the
limiting stage of the process. The calibration curve ob-
tained by plotting the conditional initial rate of the reac-
tion versus the final concentration of zopiclone under
the optimum conditions showed a linear relationship in
the range of 6-36 mkg/ml (Fig. 3).
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Fig. 3. The calibration curve of the zopiclone determination.
¢ (TMB) = 2.4x10® mol/l; ¢ (H,0,) = 0.448 mol/l; pH = 8.4.
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Table 1
The data of regression analysis
Parameters Data
Beer’s Law Limit (mg/ml) 0.006-0.036

Regression equation® tga = 0.5058xC — 0.0004

S, 0.013224
S. 0.000309
Correlation coefficient (r) 0.9986
LOD (mkg/ml) 1.81
LOQ (mkg/ml) 6.04

*tga = b x C+ a where Cis the concentration of zopiclone, mg/ml,
tga is the conditional initial reaction rate, min™.

The method of least square was used to estimate
the regression characteristics of the calibration curve
obtained (Tab. 1).

The results of the analysis of zopiclone in model
solutions and in tablets are shown in Tab. 2 and Tab. 3,
respectively.

The linearity of the method proposed was estimated
in the normalized coordinates (r=0.9998). The values
a and |b-1] do not exceed the confidence intervals of
their uncertainty (the requirement of statistical insig-
nificance), a < t(95%, n-2) x s, (-3.20 < 8.01) and |b-1|
<t(95%, n-2) x's, (0.00023 < 0.08222).

The assay for the active substance in tablets. Shake
carefully the accurately weighed portion of the tablet
powder equivalent to 7.5 mg of zopiclone with 10 ml
of 96% ethyl alcohol, filter to a 25 ml volumetric flask,
dilute to the volume with the same solvent, wash the
precipitate and mix thoroughly.

Transfer consistently 10 ml of 0.2 mol/I buffer solu-
tion (pH = 8.4) into a 25 ml volumetric flask adding 2
ml of the test zopiclone solution and then continue as
when plotting the calibration curve. Similarly perform
the experiment with WSS.

The zopiclone content in one tablet, X (g), was cal-
culated by the formula:

~ C,-1ga.-25-25-m
~ 1go -2-1000-m,,

2

where C,, — is the concentration of zopiclone in WSS,
mg/ml; tga — is the tangent of the angle slope in the ex-
periment with the test solution of zopiclone, min™'; tgo,, —
is the tangent of the angle slope in the experiment with
WSS, min''; 25 —is the volume of the volumetric flask, ml;

Table 2

Metrological characteristics of the results
of the kinetic determination of zopiclone
in model solutions (n =5, P =0.95)

Metrological Amount taken, mkg/ml
characteristics 0.018 0.024 0.030
% 0.0183 0.0243 0.0303
S 3.31x10* 3.54%x10* 5.12x10*
Sy 1.48x10* 1.58x10* 2.29x10*
Ax 411x10* | 439x10* | 6.36x10"
RSD, % 1.81 1.46 1.69
g, % 2.24 1.81 2.10
S, % 1.79 1.24 1.04
Table 3

Metrological characteristics of the results
of the kinetic determination of zopiclone
in tablets (n = 5, P = 0.95)

Thciﬁ(:gﬁl?nne Recovery Metrological
one tablet, g g % characteristics
0007513 | 100.17 x =0.007487 (99.83%)
. . - s
., 00075131 100.17 i_‘ 37 '223::118_5
+7.5% — .
0.00759* "1 2r | 0.007386 | 98.485 A .64%10°
0.007576 | 101.01 RSD = 0.96%
0.007449 | 99.33 PSR
€=1.19%; 6 =-0.17%

Note: *determined by the current QC method.

m,, — is the amount of zopiclone in a tablet, g; m — is the
avarage tablet weight, g.

CONCLUSIONS

1. A simple and express kinetic spectrophotometric
method for determination of zopiclone has been pro-
posed.

2. The assay of zopiclone in the presence of its hy-
drolysis products without preliminary separation is an
important advantage of the method described.

3. The analytical method for quantitative determi-
nation of zopiclone in the substance has been validated
statistically according to the criteria of LOD, LOQ), ac-
curacy, precision and linearity. The results obtained are
satisfactory; LOQ is 6.04 mg/l.

4. Zopiclone tablets compared to the reference me-
thod contain 99.83+1.19% of C,,H,,CIN,O, (RSD =
0.96%, 6 =-0.17%).
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PO3POBKA KIHETUKO-CMEKTPO®OTOMETPUYHOI METOAUKMU KINIbKICHOIO
BU3HAYEHHSA 30MIKINOHY B TABNIETKAX 3A PEAKUIEIO NEPrigPoONI3y
M.€.Bbnaxeeecbkul, J1.C.Kpucbkie

Knroyoei crioea: 30riKioH; nepaidporis; criekmpogomomMempisi; KiflbKiCHe 8U3HaYEHHS;
3,3’,5,5-mempamemunbeH3uduH

Po3spobrieHa npocma 3a anapamypHUM O0QOPMIIEHHSIM Ma eKcripecHa MemoouKa KiflbKiCHO20 8U3Ha-
YeHHS1 30MIKITOHY y MOOEIIbHUX pO34UHax cybcmanuii i mabremkax «30riKroH» ro 7,5 Me KiHemuKo-CrieK-
mpoghomomempuyHUM MemodoM 3a iHOUKaMOPHOK peaKuiero OKUCHEHHS 3,3°,5,5-mempamemunben-
3uUluHy. B ii ocHosy noknadeHo cucmemMy 080X CripsiXeHUX peakuili: 2eHeposaHa 8 peakuii nepaioporisy
(3 Hadnuwkom eidpozeHy nepokcudy) 30MiKIoHy 4-memuri-1-ninepa3uHnepokcukapboHosa Kucrnoma
peaeye 3 iHOUKamOpPHOK PEYOBUHOK 3 YmMBOPeHHSIM 3abapereHoeo 3,3’,5,5-mempamemurnducgheHoxi-
HOHOIIMIHY, A,,,,=420 HMm ripu pH=8,4, 3a ceimnosbupaHHsM K020 i 30ilICHIOIMb 8U3HaYEHHS]. TaHeeHC
Haxury fiHitHoI dinsiHku (3-10 x8) 3anexHocmi 3pocmaHHsi roanuHaHHs y Jaci 6yr1o 83mo 3a YMO8HY
rnodyamkosy weudkicms peakuii. MakcumarnbHa weudkicms ymeopeHHs 3,3’,5,5-mempamemunducpe-
HOXiHOHOIiIMIHY criocmepieanack 8 iHmepsarni pH 8,2-8,5. [padyrogarnbHull epachik niHitHUU 8 Mexax
6-36 mra/Ms. Mexxa susisrieHHs1 ma KirbKiCHo20 8u3Ha4eHHs cmaHosums 1,81 ma 6,04 mke/mn eidrio-
8iOHO. [Qns1 mamupa3os8ux su3HaqeHb 18, 24 i 30 mke/mi 3oniknoHy RSD cmanosumb 1,81, 1,461 1,69%
gidrosidHo. 3dilicHeHa eanidauisi aHanimu4yHoi Mmemoouku 3a kpumepismu MB, MKB, npasunsHocmi,
36iKHOCMI | NiHIGHOCMI Npu 8U3HaYeHHI 30MiKMIoHy y cybecmaHuii. Bmicm ditoqoi peyosuHu y mabnem-
Kax «30r1iKioH» no 7,5 Me y rMopieHsIHHI 3i 3HalideHHUM (o020 3Ha4yeHHsM 3a YuHHor MKA cmarnosums
99,83+1,19% (RSD = 0,96%, 6 = -0,17%). Baxiiugoto repegazolo, sika 8U2iOHO 8iOpi3HSIE HO8OOrpa-
ubosaHy MemoOuKYy, € MOXrugicmb 30iUCHEHHS 8U3HAYEHHST 8MiCMY CXUTbHO20 00 2i0poIimu4yHO20
po3KnadeHHs rpernapamy 8 rpucymHocmi rnpodyKmig 020 2i0porizy 6e3 nornepedHb020 PO30irIeHHS.

PA3PABOTKA KWNHETUKO-CMEKTPO®OTOMETPUYECKOW METOAUKU
KOINMMYECTBEHHOI'O OMNMPEOENEHUNA 30MUKITOHA B TABJIETKAX MO PEAKLIUU
NEPTMOPONIU3A

H.E.Bbnaxeeeckull, J1.C.Kpbicbkue

Knroveenble crioea: 30MUKIIOH; Nepaudposus; criekmpogpomomMempusi; KOu4ecmeeHHoe
onpedeneHue; 3,3',5,5-mempamemunbeH3uduH

PaspabomaHa npocmasi u sKcripeccHasi MemooOuKa KOflu4ecmeeHHO20 ornpedesieHus 30MUK/I0Ha 8
modernbHbIX pacmeopax cybecmaryuu u mabnemkax «30MuKioH» 7,5 Ma KUHEMUKO-CeKmpoghomo-
mempuyeckum memodom no uHAUKamopHoOU peakyuu okucneHus 3,3’,5,5-mempamemunbeH3uduHa.
B ocHosy ee nonoxeHa cucmema 08yX COMPSXKEHHbIX peakyuli: 2eHepuposaHHasi 8 peakyuu nepau-
Oposusa 30ruKioHa 4-memurn-1-nunepasuHnepokcukapboHos8as Kucrioma peaaupyem ¢ UHOUKamop-
HbIM geuwjecmeom ¢ obpa3osaHuem okpaweHHo2o 3,3’,5,5-mempamemunoucheHOXUHOHOUUMUHA, A,
=420 Hm nipu pH = 8,4, no ceemonoanoweHuUo Komopoao U ocywecmearsitom onpederneHue. TaH2eHe
HakJioHa fuHelHoz0 y4acmka (3-10 MuH) 3agucumocmu pocma ro2s0WeHUs1 80 8peMeHU ObirT MPUHSM
KaK ycriogHasi HadarbHasi CKopocmb peakyuu. MakcumarnbHas ckopocmbs obpasosaHusi 3,3’,5,5-mem-
pamemundugpeHoxuHoHOUUMUHa Habntodanack 8 uHmepsasne pH 8,2-8,5. [padyupo8oyHbil epathuk
JNUHeUHbIU 8 npedenax 6-36 mka/mn. [Npederr obHapyXeHUs1 U Koru4ecmeeHHo20 orpedeneHusi co-
cmaensiem 1,81 u 6,04 mke/Mr coomeemcmeeHHO. Lrisi nsmukpamHbix onpedeneHuli 18, 24 u 30 mka/mn
3oruknoHa RSD cocmaensiem 1,81, 1,46 u 1,69% coomeemcmeeHHo. OcyuwecmerieHa ganudayusi aHa-
Jiumudeckol MemoOuUKU Mo Kpumepusiv ripederna obHapyXeHus, rnpederna Konu4yecmeeHH020 oripe-
dereHusi, npasusibHOCMU, CX0OUMOCMU U JIUHelUHocmu rpu onpedesieHuU 30MuKIoHa 8 cybecmaHyuu.
ColepxaHue Oelicmeyrouiezo sewecmsa 8 mabnemkax «30MuKknoH» 7,5 M2 8 cpasHeHUU ¢ HalideH-
HbIM e20 3HadyeHuUM o deticmeyroweti MKK cocmasnsem 99,83+1,19% (RSD = 0,96%, 6 = -0,17%).
BaxkHbIM npeumMywecmeoM, Komopoe 8bi200HO omiiudaem pa3pabomaHHyro MemoOuUKy, s8rsemcsi
B03MOXHOCMb OrpederieHuUs1 cCo0epxaHusi CKITOHHO20 K 2uOpOIUMUYeCKOMY pasfioxXeHuro npenapama
8 rnpucymcmeuu rnpodykmos e20 audpornu3a be3 npedeapumeribHO20 pas30eieHus.
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HEXAFLUOROSILICATES WITH ANTIBACTERIAL ACTIVE
GUANIDINE CONTAINING CATIONS

V.0.Gelmboldt, V.Yu.Anisimov, O.V.Prodan
Odessa National Medical University

Key words: hexafluorosilicates, antibacterial active cations, structure; thermochemical
transformations; hydrolysis

The present research has studied the spectral data, thermochemical transformations and hydrolysis of
hexafluorosilicates with guanidine containing cations (C,,H,,CI,N,,)SiF, (1) and (C,,H,sNy)(SiFg), 5 (1)
for their potential use as caries-preventive and antibacterial agents. Hexafluorosilicates of the com-
position | and Il were separated as crystalline products of interaction of hexafluorosilicic acid with the
methanol solutions of chlorhexidine hydrochloride and polyhexamethylene guanidine hydrochloride.
The compounds isolated have been characterized by IR, NMR °F, mass-spectrometry, thermogravi-
metric analysis, potentiometry. According to IR spectroscopy data, “onium” hexafluorosilicates | and
I have ionic structures. The vibrations of the groups v(NH), v(N*H,) in salts | and Il appear as strong
absorption bands at 3360-3180 cm'; 3(N*H,) vibrations appear at 1634 and 1637 cm". The strong
v(SiF) and 3(SiF,) stretches of SiF 2 anions are observed in their characteristic regions (at 744, 734
and 482 cm', respectively). The singlet character of v(SiF) and 8(SiF,) vibrations indicates the ab-
sence of noticeable distortion of symmetry of SiFz~ anion with regard to O,. The NMR "°F spectra of
compounds | and Il (in DMSO-d, solutions) have one resonance at —136,70, —135,09 ppm (SiF*);
additional resonance at —123,14 ppm, in the case of Il it can be related to the octahedral complex
anion [SiF(MCQ)J.. The results of thermogravimetric analysis are consistent with a multi-stage
thermolysis scheme for hexafluorosilicates | and Il. The temperatures of thermolysis beginning of
complexes | and Il are 270 and 100°C, respectively. The compounds | and Il studied are characterized
by the predicted tendency to hydrolysis in dilute aqueous solutions with formation of orthosilicic acid
and fluoride ions, and it allows considering these salts as potential anticaries agents. The study of the
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biological activity of these compounds is the subject of further investigations.

In recent years, several research groups consisting
of experts from Japan, the United States [10-13] and Ar-
menia [1, 8] demonstrated the possible use of ammonium
and amino acids hexafluorosilicates as caries-preventive
and hyposensitive agents in dental practice. These results
[1, 8, 10-13] allow to consider the “onium” hexafluoro-
silicates as a promising new class of drugs possessing
a number of advantages compared to the conventional
agents of fluoride caries therapy such as sodium and po-
tassium fluorides, silver diamine fluoride, tin fluoride and
sodium monofluorophosphate. The active components of
treatment and prevention of dental caries are also anti-
bacterial agents, including high efficient guanidine de-
rivatives (chlorhexidine, polyhexamethylene guanidine
hydrochloride, etc.) [9, 13]. In principle, introducing guani-
dine containing cations possessing the antibacterial ac-
tion into the composition of hexafluorosilicate allows to
obtain compounds for which the caries-preventive effect
of the anion is intensified by the bactericidal action of the
cation. The aim of this work is the synthesis, the study of
the structure and properties of chlorhexidine (CH) and po-
lyhexamethylene guanidine (PHMG) hexafluorosilicates —
the first representatives of fluoride-containing salts com-
bined with cations exhibiting the antibacterial activity.

Materials and Methods

The synthesis of hexafluorosilicates was performed
by the ion exchange reaction between methanol solu-

tions of the corresponding hydrochloride (HC) (Hang-
zhou dayangchem Co., Ltd, China) and the solution of
45% fluorosilicic acid (the molar ratio of HC : H,SiF,
=1 : 3). The reaction mixtures were kept at room tem-
perature to evaporate the solvents and obtain colourless
crystalline products. The nitrogen content was determined
according to Kjeldahl [5] and the silicon content by the
photocolorimetric method [6].

The IR-absorption spectra were recorded on a Spect-
rum BX II FT-IR System spectrophotometer (Perkin-
Elmer) (the range was 4000-350 cm!, the samples were
in the form of tablets with KBr). The EI mass spectra
were recorded on a MX-1321 spectrophotometer (a di-
rect introduction of a sample into the source, the energy
of ionizing electrons was 70 eV), FAB mass spectra —
on a VG 7070 spectrometer (VG Analytical) (desorp-
tion of ions from the surface of the liquid phase was
performed by a beam of argon atoms with the energy
of 8 keV, m-nitrobenzyl alcohol was used as a matrix). The
F NMR spectra were recorded on a Varian VXR-300
spectrometer (282 MHz, the solvent was DMSO-d, with
CFCl, as a standard, the temperature was 27°C). Ther-
mogravimetric analysis was performed on a Q-1500 D
derivatograph of F. Paulik — J. Paulik — L. Erdey’s sys-
tem (platinum crucibles, samples of 80-100 mg, the tem-
perature range was 20-1000°C, the sample weight heat-
ing rate was 10 °/min, Al,O, as standard).
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Table 1

Wave numbers (cm™) of the absorption band
maxima in IR spectra of chlorhexidine (I) and
polyhexamethylene guanidine (II) hexafluorosilicates

| Il Assignment
3401 s.br. 3354 s.br.
3251 sh. v(NH), v(N*H,)
3207 s.br. 3187 sh.
2926s. 2936s. v,(CH,)
2862 sh. 2861 m. v,(CH,)
1690 s. 1656 s. v(C=N)
1634 m. 1637 sh. O(N*H,)
1550 m. V(CO),om
1493 m. V(CO),om
1462 m. 1473 m. 5,(CH,)
1384 m.br. S8(NH) + v(CN)
1249 m. v(C,,,mN)
1095 s. V(C,,mCl)
1017 m. 1026 w. V(Ca_,ith)
744 s, 734 s, v(SiF)
482 m. 482 m. 8(SiF,)

Note: w = weak, m = medium, s = strong, v = very, sh = shoulder,
br = broad.

The pH values of aqueous solutions of hexafluorosi-
licates were determined using an EV-74 universal ionomer.

Results and Discussion

The composition of the compounds isolated has been
determined by the elementary analysis data.

Found, %: N —21.41; Si —4.50.

For (C,,H;,CLN,)SiF, (I) calculated,%: N —21.56;
Si—4.32.

Found, %: N — 19.89; Si — 4.22.

For (C,;HsNy)(SiFy), s (IT) calculated, %: N — 19.70;
Si—4.39.

The mass spectrum EI I: [CIC,H,CH,N,]" (m/z =153,
I=8%), [CICH,NH,]" (m/z =127, I = 100%), [SiF,]*
(m/z=85,1=20%), [CH,,]" (m/z=72,1=9%), [C;H ]
(m/z=42,1=6%).

The mass spectrum FAB I: [M,;;]" (m/z= 505, =2%)).

The mass spectrum EI II: [NH(C=NH)NH(CH,),+H]"
(m/z=142,1=2%), [SiF,]" (m/z=85,1=100%), [C;H,,]"
(m/z=172,1=5%), [CH,,]" (m/z="T11,1=T7%), [C,H,]
(m/z=55,1=17%), [C;H(]" (m/z=42, = 15%).

Characteristics of IR spectra of compounds I and 11
are presented in Table 1, with vibration rating carried
out using the data in [7]. Stretching v(NH), v(N*H,) and
deformation 8(N*H,) vibrations of cations occur in the

Table 2

The pH values of aqueous solutions of salts I and II

-3 ”
Compound pH of 1310 M pH of 1x10* M
solutions solutions
| 3.14 516
I 3.21 5.14

areas of 3400-3180 and 1640-1630 cm™, respectively;
a diffused nature of v(NH) and v(N*H,) maxima may
indicate the participation of groups =NH and —-N"H, in
H-bonds of NH--F with fluorine atoms of hexafluoro-
silicates anions. A singlet type of vibration bands v(SiF)
and &(SiF,) for anions SiF >~ (identified in characteristic
spectral regions T and II at 744, 734 and 482 cm™, re-
spectively) reflect apparently proximity of the anions
structure to the idealized O,-symmetry.

Low solubility of I and II in chloroform did not al-
low to carry out the registration of ’F NMR spectra
of salts in the medium of the given solvent. In the '°F
NMR I and II spectra in the solution of dimethyl sulf-
oxide (DMSO) singlet signals with chemical shifts 6, =
—136.70-135.09 ppm, respectively, correspond to SiF >
anion. Along with SiF > anion signal, the signal with
O = —123.14 ppm referred to equatorial fluorine atoms
of octahedral anion [SiF,(DMSO)]" — the product of
SiF > anion solvolysis is also recorded in F NMR II
spectrum.

Judging by the thermogravimetric analysis data the
thermal decomposition of compound I is accompanied
by elimination of 2 moles of HF in the gas phase (the
endothermic effect on the curves of DTG and DTA at ¢,
=270°C, t,,, = 300°C; Am,,, = 8.3%, Am,,,, = 6.2%),
1 mole of SiF, (the endothermic effect at 7,=350°C, ¢,
=400°C; Am,,, = 33.3%, Am,,,. = 22.2%), degradation
products of CH and their oxidation (endothermic and
exothermic effects at ¢, = 440°C, ¢, = 480°C and ¢, =
690°C, ¢, = 750°C, respectively). The evident excess
of the value of the weight loss I experimentally deter-
mined compared to the calculated value in the case of
SiF, removal effect may be due to the superposition of
CH expansion effect. The total weight loss of the sam-
ple Iis 93.3%.

Complex II is differentiated by lower thermal resis-
tance than complex 1. Thermolysis II begins at 100°C,
on DTA and DTG curves a series of endothermic effects
is fixed at ¢, = 120, 170, 200, 270, 340, 480°C and
exothermic effect at 7, = 660°C. The total weight loss
of sample II is 98.3%. The proximity of the thermal sta-
bility Il and PHMG HC studied earlier by the pyrolysis
mass spectrometry method should be noted [4].

Attempt to determine the extent of hydrolysis of com-
pounds I and IT at 1x10* M of the aqueous solution using
the spectrophotometric method [3, 6] based on the ability
of orthosilicic acid — the product hydrolysis — to form a
yellow-coloured silico-molybdic complex with ions MoO,*-
failed due to intense opalescence of solutions. But the
fact of hydrolysis of SiF > ion according to the scheme
(1) is confirmed by the expected development of a yellow
coloration of the solution after addition of (NH,),MoO,:

SiF2 +4H,0 = Si(OH), + 6F +4H'. (1)

The results of pH determination of diluted aqueous
solutions of salts (Table 2) indicate the hydrolytic instability
of compounds I and II: pH values are in the “acidic”
region and close to the corresponding values for the aqueous
solutions of pyridinium hexafluorosilicates [2].
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CONCLUSIONS ture of hexafluorosilicates of chlorhexidine and polyhexa-
The synthesis has been performed, the spectral charac-  methylene guanidine as potential caries-preventive and an-
teristics and physico-chemical properties have been studied,  tibacterial agents. Evaluation of the biological activity of the
and the conclusion has been made about the probable struc-  compounds obtained will be the subject of our further research.
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FEKCA®TOPOCWUIIKATU 3 N'YAHIAUHOBMICHUMU KATIOHAMMU, LLIO BUABNAIKOTb
AHTUBAKTEPIAIIbHY AKTUBHICTb

B.O.lenbm605150m, B.KO.AHicimoe, O.B.llpodaH

Knroyosi crnioea: cekcachmopocunikamu; 6akmepuyudHi kamioHu; 6ydoea; mepmMoxiMidHi
repemeopeHHs; 2iéporni3

3 sukopucmaHHsM peakyiti ioHHO20 0BMIHY MiX 2idpoxrnopudamu Xr1opo2eKcUOUHyY (ronieekcamemu-
JieHeyaHIiOUHy) i KpeMHegmopo8oOHE8OK KUCIIOMO 8 cepedosulli MemaHOorly CUHMEe308aHi 2eKca-
gmopocurnikamu 8i0nogioHux ayaHiouHosmicHux kamioHis (C,,H,,CILN,,)SiF (1) ma (C,,H,sNg)(SiFy), 5 (1),
W0 cmaHoerisimse iHmepec y sKkocmi MomeHyilHUX KapiecripomeKmopHUX i 6akmepuyudHUX azeHmis.
BudineHi crionyku cknady | i Il oxapakmepu3soeaHi memodamu I4-, AMP °F-, mac-crnekmpockoriii,
mepmMozpagiMempu4yHoO20 aHanisy, nomeHuiomempii. 32i0H0 3 OaHumMmu I4-criekmpockKoriii «OHIe8i»
eekcagpmopocurnikamu | i Il matoms ioHHy 6ydosy. KonusaHHs v(NH), v(N*H,) y cnekmpax | i Il su-
s6nsmbcs y guensdi iHmeHCcUsHUX cMye roenuHaHHsA npu 3360-3180 cv’; konueaHHs d(N*H,) —
npu 1634 i 1637 cm'. IHnmeHcusHi cmyau konueaHb v(SiF) i 8(SiF,) aHioHie SiF 2~ crnocmepieatombcsi 8
xapakmepucmu4Hux obrnacmsix criekmpie npu 744, 734 i 482 cm' 8idnogioHo. CuHanemHul xapak-
mep konueaHb v(SiF) i 8(SiF,) eka3ye Ha 8idcymHicmb MoMimHuUXx 8i0xuneHb eeomempil aHioHie SifF ;2
gioHocHo O,-cumempii. ¥ cnekmpax SAMP "°F posuuHis coned I i Il ¢ AMCO-d, aHioHam SiF 2~ gidnosi-
Oaromb pe30HaHCHI cueHarnu 3 XimidHumu 3cysamu —136,70, —135,09 m.0.; dodamkoesuli pe3oHaHCHUU
cueHan npu —123,14 m.0. y ciekmpi Il Mmoxe gidHocumucsi 90 okmaedpu4HO20 KOMIMIIEKCHO20 aHiOHa
[SiF(OMCOQ)}. Pesynsmamu mepmMmoepasiMmempu4yHo20 aHani3y y3200XXyrombcs 3 bazamocmyniH-
yacmoro cxemoro mepmonisy | i ll. Temnepamypu nodyamky mepmonisy komrnekcig | i Il cknadaromb
270 i 100°C gidnoegidHo. Crionyku | i Il xapakmepu3yrombCsi O4iKy8aHOK CXUSTbHICMI0O 00 2i0posizy
8 po3gedeHUX B0OHUX PO3HUHaX 3 YMEOPEHHSIM OPMOKPEMHIE8OI Kucriomu i gpmopud-ioHig, ujo 0o-
3e07s15€ po3enssdamu 3a3HadyeHi cosi 8 AKoCcmi NomeHuiliHUX aHmukapiecHuUx azeHmie. BusyeHHs1 6io-
J102i4HOI akmueHOCmMi ompumMaHux crosyk 6yde npedmemom Hawux nodanbuiux 00CHIOKEHb.

FEKCA®TOPOCUITUKATBI C 'YAHUWOUHCOOEPXALUMU KATUOHAMU, NPOABNAOLLUNMU
AHTUBAKTEPUAIIbHYIO AKTUBHOCTDb

B.O.lenbm60s150m, B.KO.AHucumoe, O.B.[lpodaH

Knroueenie crnoega: eekcacpmopocusniukamel; 6akmepuyulOHbIe KamUOHbI; CMPOEHUe;
mepmMoxumuyecKue rpespawjeHuss; 2udposnus

C ucnionb3oeaHueM peakyul UOHHO20 obMeHa Mex0y audpoxropudamu xrop2ekcuduHa (ronuzekca-
MemureHayaHUOUHa) U KpeMHeghmopo8oOopoOHOU KucriomoUl 8 cpede MemaHosia CUHMe3upo8aHsb!
2eKkcaghmopocusnuKkamsl coomeemcmayowux eyaHuduHcolepxawux kamuoHos (C,,H,,Cl,N,,)SiF, (1)
u (C,H,Ny)(SiF), s (1), npedcmasnsowue uHmepec 8 kaiecmee nomeHyuanbHbIX Kapuecrnpomekx-
MOopHbIX U bakmepuyudHbix aceHmMos. BbideneHHble coeduHeHus1 cocmasa | u Il oxapakmepu3osaHsbi
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memodamu VK-, SIMP °F-, macc-criekmpocKonuu, mepmMo2pasuMempu4yecko2o aHanusa, rnomeHyuo-
mempuu. CoanacHo 0aHHbIM VIK-criekmpockonuu «oHueabie» eekcagpmopocusiukamsi | u Il umerom
uoHHoe cmpoerue. Konebarus v(NH), v(N*H,) e cnekmpax | u Il nposiensiromcsi 8 sude UHMEHCUBHbIX
nonoc noanoweHusi npu 3360-3180 cv'; konebaHusi 8(N*H,) — npu 1634 u 1637 cv'. IHmeHcugHbie
nonocel konebaHul v(SiF) u 3(SiF,) aHuoHos SiF >~ Habmodaomesi 8 xapakmepucmu4eckux obna-
cmsix criekmpos npu 744, 734 u 482 cm~' coomeemcmeeHHo. CuHernemHbIl xapakmep KornebaHul
v(SiF) u 3(SiF,) ykasbieaem Ha omcymcmeue 3aMemHbIX UCKaxXeHUl 2eoMmempuu aHUoHo8 SiF
omHocumerbHo O,-cummempuu. B cnekmpax SIMP "F pacmeopos coneli | u Il  MCO-d, aHuoHam
SiF - coomsemcmeyom pe3oHaHCHbIe CugHarlbl ¢ XuMudeckumu cosueamu —136,70, —135,09 m.0.;
dononHuUmenbHbIU pe30HaHCHbIU cueHarn rpu —123,14 m.0. 8 cnekmpe Il Moxem omHOCUMBbCS K OK-
maadpudeckomy KomririekcHoMy aHuoHy [SiF(IMCO)J. Pesynbmamsi mepMmoepaguMempuyecKoeo
aHarnusa coafacyromcesi ¢ MHo2ocmyrneH4Yamou cxemol mepmonu3a | u ll. Temnepamypb! Hadana
mepmornu3sa kommekcos | u Il cocmaenstom 270 u 100°C coomeemcmeeHHO. CoeduHeHusi | u Il
Xapakmepu3yromcsi oxudaemMol CKITOHHOCMbIO K 2udposiu3y 8 pa3baesreHHbIX 800HbIX pacmeopax ¢
o0bpasosaHuUeM OpMOKPEeMHUEB0U KUCITOmMbI U (hmopud-uoHO8, Ymo no380sisiem paccMampueams yKa-
3aHHble COMU 8 Ka4ecmee NomeHyuaibHbIX aHMuUKapuecHbIX azeHmos. M3yyeHue 6uonoaudyeckol
akmusHocmu rosy4yeHHbIx coeduHeHul 6ydem npedMemom Hawux OanbHelwux uccriedosaHuu.
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DEVELOPMENT OF THE METHOD FOR QUANTITIVE
DETERMINATION OF AN ACTIVE SUBSTANCE
IN “TAMSULOPROST” SUPPOSITORIES
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Prostatic hyperplasia is one of the most common diseases among elderly men. An integral condition
for appearance and development of benign prostatic hyperplasia is the poor state of androgen pro-
duction in men. An urgent task for the contemporary pharmaceutical science is to create new effective
medicines. The prominent place in the treatment of prostate diseases is occupied by alpha-adreno-
blockers, which are drugs of the first-line treatment, such as Tamsulosin hydrochloride being a selec-
tive and competitive blocker of postsynaptic a,,-adrenergic receptors. Selectivity of Tamsulosin to
a,,-adrenergic receptors located in the bladder is several times greater than its ability to interact with
a,g-adrenoceptors that are located in the vascular smooth muscles. Therefore, the use of Tamsulosin
in the treatment of prostate diseases does not affect the patients blood pressure. The aim of the work
was to develop the method for quantitative determination of the active substance Tamsulosin hydro-
chloride in “Tamsuloprost” suppositories for the treatment of prostatic hyperplasia. Development of
the assay method was performed on a Specord 200 spectrophotometer (Analytik Jena, Germany)
and a ProStar analytical chromatograph (Varian, USA). The authors have suggested the method for
quantitative determination of the active substance Tamsulosin hydrochloride in “Tamsuloprost” sup-
positories for the treatment of prostatic hyperplasia. During the experiment it has been proven that
it is unreasonable to use the method of spectrophotometry in the UV-region to control the content
of Tamsulosin in suppositories because of the overlap of two analytical wavelengths of Tamsulosin
by the maxima of placebo components. The possibility of using a more specific method — high per-
formance liquid chromatography (HPLC) has been proven and the conditions under which there is
a complete separation of placebo components and the active substance within the time taken have
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been proposed.

Benign prostatic hyperplasia (BPH) is one of the most
common urological diseases among men, which leads
to a sharp deterioration in the quality of life, urinary
disorders, renal dysfunction, erectile dysfunction. The
prevalence of this disease increases with age. Thus, the
first clinical manifestations of BPH are present in 25%
of men at the age of 40 [9].

The task of the prostatic hyperplasia pharmacothe-
rapy is to reduce the severity of symptoms, to lower the
risk of acute urinary retention, and therefore, to reduce
the need to perform surgery and improve the overall
quality of life of patients [3, 4].

At present the main therapeutic method for patients
with clinical manifestations of BPH is the use of a,-ad-
renoblockers. Administration of a,-blockers reduces pa-
thological symptoms and improves the urinary flow rate
due to relaxation of smooth muscles of the prostate and the
bladder neck. Tamsulosin hydrochloride is a selective and
competitive blocker of postsynaptic a, ,-adrenergic recep-
tors located in the smooth muscles of the prostate, the
bladder neck and the prostatic part of the urethra. Due
to the high selectivity to a,,-adrenergic receptors Tam-
sulosin has no effect on blood pressure of patients [1, 2].

Today, the most appropriate dosage form for the treat-
ment of prostate hyperplasia is a suppository. At the phar-

maceutical market there are no medicines with a-blockers
in the form of suppositories, so their development and
research is an important and promising direction for the
modern pharmaceutical science.

For the further drug quality assurance it is necessary
to develop analytical approaches that will ensure com-
prehensive monitoring for compliance with the existing
requirements. Development of the method for the quan-
titative determination of active pharmaceutical ingredi-
ents (API) in a drug is an important and necessary step
when preparing the Quality Control Methods project.
For the Tamsulosin assay different authors proposed
spectrophotometric [8, 10] and chromatographic [5, 6,
7] methods. Considering the complex matrix of the me-
dicine it was necessary to identify and work out the most
appropriate method to use.

The aim of the work was to develop the method for
quantitative determination of the active substance Tam-
sulosin hydrochloride in “Tamsuloprost” suppositories
for the treatment of prostatic hyperplasia.

Materials and Methods

The objects of the study were samples of supposito-
ries with the active substance Tamsulosin hydrochlori-
de with the weight of 1.6 g made of a solid fat by mould-
ing. In order to optimize the composition of suppositories
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a Lanette SX emulsifier in the amount of 5% was intro-
duced into the base.

Development of the assay method was performed
on a Specord 200 spectrophotometer (Analytik Jena,
Germany) and a ProStar analytical chromatograph (Va-
rian, USA) using Waters XTerra™ MS C8 columns with
50 mm in length, the diameter of 4.6 mm and the particle
size of 2.5 microns with a precolumn.

In the work the following samples of the components
of placebo and substances were used: Tamsulosin hy-
drochloride (Ra Chem Pharma Ltd, s. TAM/021/11/10);
Lanette SX emulsifier (Cognis, Germany), solid fat (“Sa-
sol”, Germany).

Results and Discussion

To determine the possibility of using the spectro-
photometric method in the UV-region compared to the
standard solution or by the absorption specific indicator
to monitor the content of Tamsulosin hydrochloride in
the medicine, the molecular absorption spectra of solu-
tions of Tamsulosin, the suppository base, placebo and
the emulsifier were obtained.

As it can be seen from the spectrum (Fig. 1) for
Tamsulosin hydrochloride, the analytical wavelength of
either 225 nm or 280 nm can be used. However, both
analytical wavelengths are covered by peaks of the placebo
component, namely of the emulsifier Lanette-SX, proven
during the sample preparation, i.e. it is extracted together
with Tamsulosin.

Fig. 2a shows the spectra of Tamsulosin hydrochloride
and the emulsifier in concentrations of about 0.015 mg/ml
and 2.8 mg/ml, respectively (the ratio is 1:186, in the
medicine it is 1:200). Thus, at the wavelength of 225 nm
the emulsifier will almost twice overstate the results of
the quantitative determination of Tamsulosin. Fig. 2b
shows the spectra of Tamsulosin Hydrochloride and the
emulsifier in concentrations of about 0.015 mg/ml and
0.28 mg/ml, respectively (the ratio is 1:18). So, at the
wavelength of 280 nm the emulsifier will overstate the
results of the quantitative determination of Tamsulosin
by about 20%.

Fig. 1. The absorption spectrum of Tamsulosin (= 0.006 mg/ml).

Thus, the use of the spectrophotometric method in
the UV-region to determine Tamsulosin hydrochloride
in suppositories is difficult due to the significant optical
absorption of placebo components. Therefore, to solve
this problem a more specific method has been used, na-
mely high performance liquid chromatography (HPLC),
and the conditions under which there is a complete se-
paration of the placebo components and active ingredi-
ent within the particular time have been proposed. Since
the placebo components and Tamsulosin have signifi-
cant differences in the chemical structure, a different
chromatographic behaviour is expected. Taking this into
account even a short chromatographic column sharing
ability would be enough for an acceptable separation.
The use of a short chromatographic column, in its turn,
allows to reduce the analysis time and the solvent con-
sumption for chromatography.

Determination was performed on a Waters XTerra™
MS C8 column, 2.5 microns, 4.6x50 mm. When deve-
loping the method the various combinations of the mo-
bile phase composition and pH medium were tested. Fi-
nally, the method using phosphoric acid — acetonitrile —
water in the ratio of 2:32:68 as a mobile phase was cho-
sen; it was also used as a solvent for extraction of Tam-
sulosin from the dosage form. Under these conditions
there was separation of the placebo components and
Tamsulosin, the last was eluted with the retention time
of about 1.5 min (RF was about 2.0). The analysis time
did not exceed 5 minutes. The chromatogram of the test
solution is shown in Fig. 3.

On the basis of the research conducted the assay me-
thod for Tamsulosin hydrochloride suppositories “Tam-
suloprost” was developed.

The tests were performed by the method of liquid
chromatography according to the requirements of the
SPhU (2.2.29). The solutions were used freshly prepa-
red and protected from light.

Test solution. Place aproximately 3.2 g of the ho-
mogenized suppository mass in a 100 ml separation fun-
nel, dissolve it in 50 ml of hexane, then add 7.5 ml of the



ISSN 1562-7241

280.00 nm
Tamsulosin

290.0
290.0

280.0
280.0

270.0

270.0
Fig. 2a. Absorption spectra of the emulsifier and Tamsulosin.

260.0

260.0

250.0

250.0

Wavelength, nm

225.00 nm
Tamsulosin
240.0

225.00 nm
Lanette-SX

240.0

W
1
230.0

230.0

BICHWK ®APMALLIT 3(79)2014

r

T

1

1

1

1

1

1

1
220.0

220.0

A
210.0

0.5000 -|- -

0.3000 === === = mmmm g o\ 2 2
0.2000 - === = =l m e 4
0.1000 - -----
0.0000
210.0
0.4000 - F-----
0.3000 -f-- - - - -
0.1000 -|- - - - - -
0.0000

Ayisusp [eondo Aysusp |eondo

48

Fig. 2b. Absorption spectra of the emulsifier and Tamsulosin.

WX
by

Wavelength, nm

(6€G'1) uIsol

W

1

5921 Minutes;

X: 2
Y:0.108 mAU

Time, min
Fig. 3. The chromatogram of the test solution.

mAU -

-5

Aysusp [eondo



ISSN 1562-7241

NEWS OF PHARMACY 3(79)2014 49

mobile phase. Shake the emulsion intensely for 5 mi-
nutes and leave for 20 minutes for complete separation
of the layers. Collect the bottom layer carefully in a 25 ml
volumetric flask avoiding contact with the top layer in
the flask. Repeat the extraction twice more using 7.5 ml
of the mobile phase. Dilute the flask content to the vo-
lume with the solvent for tests and mix.

Blank solution. Place aproximately 0.080 g (accurate
weight) of Tamsulosin hydrochloride in a 100 ml volu-
metric flask, then add 50 ml of methanol, dissolve, di-
lute to the volume with the same solvent and mix. Place
2 ml of the solution was obtained in a 50 ml volumetric
flask, dilute to the volume with the mobile phase and mix.

Before chromatography the solution was filtered through
a nylon membrane filter with a pore size not more than
0.45 microns.

Chromatographic conditions were:

— a stainless steel column of 50 mmx4.6 mm filled
with octylsilyl silica gel for chromatography, with a
particle size of 2.5 microns with a precolumn of 20 mm x
4.6 mm, for example, Waters XTerra™ MS C8 2.5 um
4.6 x 50 mm, or a similar one, for which the requirements
of the system suitability test were met;

— the mobile phase rate — 1.0 ml/min;

— detection: spectrophotometry at the wavelength
of 280 nm;

— the column temperature — 30°C;

— the sample volume: 20 mcl;

— the mobile phase: a mixture of phosphoric acid —
acetonitrile for chromatography — water for chromato-
graphy in the ratio of 2:32:68 degassed by any conve-
nient method.

The blank solution was chromatographed for several
times. The chromatographic system is considered to be
applicable if in the comparison solution chromatogram:

— the efficiency of the chromatographic system cal-
culated by the Tamsulosin peak is not less than 1000
theoretical plates;

— the peak symmetry of Tamsulosin is not more
than 2.0;

— the relative standard deviation (RSD) of the Tam-
sulosin peak area for five chromatograms does not exceed
1.0%.

The test solution was chromatographed at least 3
times.

The content of Tamsulosin hydrochloride (X) in 1
suppository, mg, was calculated using the formula:

I S -my-2-25-P-a-1000
S, - m, - 100 - 50 - 100
S my- P-a
S, m, - 10
where: S, — is the average value of Tamsulosin peak

areas calculated from the test solution chromatograms;
S, — is the average value of Tamsulosin peak areas cal-
culated from the sum blank solution; m, — is the stan-
dard sample weight of Tamsulosin hydrochloride used
to prepare the sum blank solution, g; m, — is the sample
weight of the medicine, g; a — is the average weight of
a suppository, g; P — is the Tamsulosin hydrochloride
content in the standard sample of Tamsulosin hydro-
chloride, %.

The content of C,;H,;N,0,S-HCI (Tamsulosin hy-
drochloride) in 1 suppository should be from 0.36 mg
to 0.44 mg.

Notes: Preparation of the mobile phase. Mix 320 ml
of acetonitrile for chromatography and 680 ml of water
for chromatography, add 2 ml of phosphoric acid. Mix
thoroughly and filter through a nylon membrane filter
with a pore size not more than 0.45 microns.

CONCLUSIONS

1. The quantitative determination of the active sub-
stance Tamsulosin hydrochloride in “Tamsuloprost” sup-
positories for the treatment of prostatic hyperplasia has
been suggested.

2. It has been proven that it is unreasonable to use
the method of spectrophotometry in the UV-region to
control the content of Tamsulosin in suppositories because
of the overlap of two analytical wavelengths of Tamsu-
losin by the maxima of placebo components.

3. The possibility to use the HPLC method for assay
of Tamsulosin hydrochloride in “Tamsuloprost” suppo-
sitories has been substantiated.
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PO3POBKA METOOAUKU KINIbKICHOIO BU3HAYEHHSA AI0YOI PEYOBUHU

B CYNMO3UTOPIAX «TAMCYIOIMPOCT»

B.I.I'puuyerko, O.A.Py6aH, C.M.Iy6apb, B.l.'ycapoe

Knrovoei ciioea: cyrno3umopii; KifbKicHe 8U3Ha4eHHsI; 8UCOKOeghekmugHa piouHHa
xpomamoepaahiss (BEPX); mamcyno3uHy 2i0poxsiopud

linepnnasis nepedmixypoeoi 3a5103u € 0OHUM 3 Halbinbw MOWUPEHUX 3aX80PHO8aHb y YOIIO08IKI8 noxXu-
11020 8iKy. HeOOMIHHOK YyMOBOH BUHUKHEHHSI | p038UMKy O0b6POSIKICHOI 2ineprnasii € He3adoe.inbHUU
cmaH rnpolyKUii aHOpoz2eHi8 y 4omnosikie. AkmyarnbHUM 3a80aHHSIM Cy4YacHOI hapmauesmuyHOI HayKu
€ CMBOPEHHS HOBUX eghekmugHUX ripernapamis. YuHHe micue 8 mepariii 3axgoprosaHb riepedmixypo-
80i 3a5103u rocidarome a-adpeHobriokamopu — rpenapamu rnepwoi fiHii NiKyeaHHs, mamcyno3uHy
eidpoxnopud — subipkosuli i KOHKypeHmHul 6510Kamop NMocCmMcuHanmMuYHUX a,,-adpeHopeyenmopis.
CenekmusHicmb mamcynosuHy 00 a,,-adpeHopeuernmopie, po3mauwogaHux y ce4Ho80My Mixypi, y Oe-
KirlbKka pasie repesuwyye (io2o 30amHicme 83aemModismu 3 a,g-adpeHopeuernmopamu, siKi 3Haxo0sImbcs
y enadkux m’a3ax cyOuH. ToMy 3acmocysaHHs maMcyno3uHy 8 mepariii nepedmixyposoi 3ano3u He
erniueae Ha apmepianbHuUl muck nauieHmis. Memoto pobomu cmarna po3pobka mMemoOUKU KirbKic-
HO20 8U3Ha4YeHHS Oilo40i peyo8UHU MaMcCyrno3uHy 2idpoxnopudy y cynosumopisx « Tamcyrnonpocmy
0ns nikyeaHHs1 2inepnnasii nepedmixyposoi 3ano3u. Po3pobky MemoduKu 8U3HaYEHHS rMpo8oousiu
Ha cnekmpoghomomempi Specord 200 (Analytik Jena, Hime4yuHa) ma aHanimuyHOMy xpomamozpa-
¢i ProStar (Varian, CLLUA). Aemopamu cmammi 3arporoHo8aHO MemodUKY KiflbKICHO20 8U3Ha4YeHHS
Qito4ol peqo8UHU mamMcyno3uHy 2idpoxopudy y cyrno3umopisx « Tamcynonpocm» Ois JiKy8aHHS 2i-
nepnnasii nepedmixypoeoi 3ano3u. B xodi ekcriepumeHmy obepyHmosaHO HedouirnbHICMb 8UKOPUC-
maHHs1 Memody criekmpoghomomempii 8 YD-obnacmi 0511 KOHMPOII0 8Micmy mamcyrio3uHy 8 Cyrno-
3umopisix 8Haci0OK nepekpusaHHs 080X aHamimu4YHUX O08XKUH X8Uslb MaMCyr103UHy Makcumymamu
KomroHeHmig rinayebo. [JosedeHa Moxugicmb sUkopucmaHHs 6inibw creyugidyHo2o0 Mmemoody — 8u-
cokoeghekmueHoI piOuHHOI xpomamozpadii (BEPX) i 3anporoHosaHi ymosu, 3a skux 8i0bysaembcsi
rnogHe po30ineHHs1 KomroHeHmie nnayebo ma Gio4oi pevoB8uUHU 3a NMPUUHAMHUL 4Yac.

PA3PABOTKA METOOUKW KONMMYECTBEHHOIO ONPEAENEHUA OEUCTBYIOLWENO
BELLECTBA B CYMNMMO3UTOPUAX « TAMCYINOIMPOCT»

B.A.MNpuueHko, E.A.Py6aH, C.H.ly6apsb, B.U.'ycapoe

Knroyesnble csioea: cynno3umopuu,; KonudecmeeHHoe ornpedesieHue; 8bICOKOIhghekmugHasi
)XuOKocmHasi xpomamozpacghus (BAXKX); mamcyrnosuHa audpoxiopud

lunepnna3susi npedcmameribHOU Xene3bl s8rsemcsi 00HUM U3 Hauboree pacripocmpaHeHHbIx 3abo-
niesaHull y My>4UH rOXus1020 eo3pacma. HeombemiemMbiM yCri08UeM 803HUKHOBEHUS U pa3gumusi
dobpokadecmeeHHOU aunepria3uu cHumaemscsi Heyd0o8remeopumesibHoe CoCmosiHue npodyKyuu
aHOPO2EHO8 Y MyXKYUH. AKmyaribHbIM 3a0aHueM cospeMeHHOU hapmauyesmuyeckol HayKu siersiemcsi
co30aHue HosbIX achghekmusHbIx npernapamos. Bedyuiee mecmo 8 mepanuu 3abonesaHull rnpeo-
cmameribHOU XXerne3bl 3aHUMarom a-adpeHobiokamopb! — fpernapamai Mepe8o2o psida JieveHuUs, mam-
cyrio3uHa eudpoxnopud — usbupameribHbil U KOHKYPEeHMHbIU 6:10Kkamop MOCmCcuHanmu4YecKux a, -
adpeHopeuenmopos. CernekmusHoOCMb mamMcy103uHa K a,,-a0peHopeyernmopam, PacrionoXeHHbIM
8 MOYe80M r1y3bipe, 8 HECKOMbKO pa3 rpeeablluaem e2o crnocobHocmpe 83aumodelicmeosamsb C A, g-
adpeHopeuenmopamu, Komopble Haxo0simcs 8 enadkux Mbluiyax cocydos. Mosmomy npumeHeHue
mamcyno3uHa 8 mepanuu rpedcmamesibHOU Xernesbl He eiusiem Ha apmepuarsbHoe dasrieHue nayu-
eHmos. Llenbio pabombi cmara pa3pabomka MemoduKuU Koslu4ecmeeHHO020 orpedenieHusi delicmey-
rouwezo sewecmea mamcyrio3uHa audpoxsopuda 8 cynno3umopusix « Tamcynonpocmy» Ons fede-
Hus eunepnna3uu npedcmameribHoU xernesbl. Paspabomky memoduku onpedeneHus rnpoeoousiu Ha
criekmpogpomomempe Specord 200 (Analytik Jena, epmaHusi) u aHanumu4eckom xpomMamozpaghe
ProStar (Varian, CLLUA). Aemopamu cmambu npedrioxeHa Memoouka Koslu4ecmeeHHo20 onpedersie-
Hus Jelicmsytowe20 sewecmea mamcyrio3uHa audpoxiopuda 8 Cynno3umopusix « Tamcynonpocms»
0n1s1 neqeHus auneprnasuu npedcmameribHoU xernesbl. B xode skcriepumeHma obocHogaHa Heue-
Js1lecoobpasHocmb UCMonb308aHUsi Memoda criekmpogomomempuu 8 Y®-obracmu 05151 KOHMPOIIs
codepaHUsi maMcyio3uHa 8 Cyrnrno3umopusix 8 pesyrbmame rnepeKkpbigaHusi 08yxX aHaIUMuU4YeCcKux
OnuH 80JIH MamMcyno3uHa MakcuMymamu KomrnoHeHmos rnayebo. lpusedeHa 803MOXHOCMb UC-
nonb3o8aHusi 6ornee creyuguyecko2o Memoda — 8bICOKO3(hHEeKMUBHOU XUOKOCMHOU XpoMamo-
epacpuu (BOXKX) u npednoxeHsbl ycriogus, npu KOMOpPbIX Mpoucxooum rosiHoe pa3oesnieHue KOMIIo-
HeHmoe nnayebo u delicmayrowieao sewecmasa 3a rnpPUeMIeMoe 8PeMS.
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By the means of the chromatography-mass-spectrometry method the comparative analysis of the
qualitative composition and the quantitative content of organic acids in black alder buds and leaves
have been carried out. Twelve organic acids have been identified in black alder buds, their total con-
tent is 13563.7 mg/kg, and there are 11 organic acids in black alder leaves with the content twice as
high as in buds — 3007.9 mg/kg. One monocarboxylic, 6 dicarboxylic and 1 tricarboxylic, 4 aliphatic
and aromatic organic acids have been found in buds. Two monocarboxylic, 5 dicarboxylic and 1 tri-
carboxylic, 5 aromatic organic acids have been found in leaves. The qualitative composition of organ-
ic acids is different in leaves and buds of black elder: 9 compounds have been found in both types of
the plant material, namely capronic, oxalic, malonic, fumaric, succinic, malic, citric, vanillic and ferulic
acids. Azelaic, benzoic and cinnamic acids have been found only in black alder buds, and black alder
leaves contain only 2-hexenic and a-hydroxyphenylpropionic acids. The dominating component in buds
is citric acid (625.8 mg/kg), the lowest content has been detected for capronic (10.3 mg/kg) and fuma-
ric (4.5 mg/kg) acids. The highest content in leaves has been detected for oxalic acid (1403.9 mg/kg),
in small amounts fumaric and succinic (8.3 mg/kg and 13.8 mg/kg, respectively) acids are present
in this plant material. The results obtained will be used in the further study of the black alder plant

material.

A black alder — Alnus glutinosa (L.) Gaertn. from
the birch (Betulaceae) family is a deciduous tree of the
countries with a moderate climate. It grows on the coasts
of the ponds, arm-holes of the rivers, swamps, often
forms swamp forests [3]. The plant is officinal, the raw
material (stem) is inscribed in the State Pharmacopeia
USSR, edition XI [2]. The scientific medicine recom-
mends the stem (cones) as an astringent, styptic, anti-
microbial agent [9, 11]. The Ukrainian pharmaceutical
industry produces a gastroprotective and the antiulcer
medicine “Altan” and a cardioprotective drug “Elgatsin”
made of this raw material [1, 6]. Buds and leaves of
alder are applied by folk medicine as antimicrobic, as-
tringent, styptic, antirheumatoid, antineoplastic agent
in tumours of the breast, pancreas, stomach, esophagus,
duodenum and rectum, throat, uterus [4]. The cytotoxic,
antioxidant and antibacterial action of leaves is also known
in literature [5, 7, 8, 10]. The chemical composition of
this plant is rather studied, but there is no detailed in-
formation about organic acids or comparative analysis
of the content of these compounds in buds and leaves
of black alder. Therefore, comparison of the qualitative
composition of organic acids of buds and leaves of this
plant, as well as comparison of the quantitative content
of the components are relevant.

The aim of our research is comparative analysis of
the qualitative composition and the quantitative content
of organic acids in buds and leaves of black alder.

Materials and Methods

The objects of the research were buds (the swelling
phase), leaves (the phase of full leaf expansion) collect-
ed in 2013 in Vilshansky district of the Kharkiv region

from 10 trees of one bunch for more reliable compari-
son of results.

The research was performed by the method of chro-
matography-mass-spectrometry on an Agilent Technolo-
gy 6890N chromatograph with a mass-spectrometry de-
tector 5973N. For this purpose the internal standard (the
solution of 50 mkg tridecane in hexane) and 1 ml of the
methyl agent (14% BCIl, in methanol solution, Supelco
3-3033) was added to 50 mg of a weighed quantity of the
raw material in a 2 ml vial. The mixture was kept in the
hermetically closed vial for 8 hours at 65°C. The plant ma-
terial was filtered and the filtrate was diluted in 1 ml of the
distilled water. Methyl ethers were extracted in 0.2 ml of
chloride methylene shaken several times within an hour, then
the extract obtained was chromatographed. The sample in-
troduction (2 mkl) to the chromatograph column was car-
ried out in a splitless mode — without dividing the flow. The
rate of the sample introduction was 1.2 ml/min for 0.2 min.

The chromatograph column was capillary INNOWAX
with the internal diameter of 0.25 mm and 30 m in length.
The carrier gas velocity (helium) was 1.2 ml/min. The
temperature of the sample injection heater was 250°C.
The thermostat temperature was programmed from 50°C
to 250°C with the rate of 4 deg/min.

For identification of the components the data of the
library of mass spectra of NIST05 and WILEY 2007
with the total number of spectra of more than 470000
were used with the help of the programme for AMDIS
and NIST identification [12].

Results and Discussion

The results are given in Table. Twelve organic acids
in buds and 11 ones in leaves have been found.
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Table

The qualitative composition and the quantitative
content of organic acids in buds and leaves

of black alder
Retention Quantitative
time, s Name of a compound | content, mg/kg
buds | leaves
Monocarboxylic aliphatic acids
5.15 caproic 10.3 29.6
7.14 2-hexenoic - 63.5
Dicarboxylic aliphatic acids
9.82 oxalic 385.0 | 1403.9
12.12 | malonic 447 | 267.9
12.87 |fumaric 4.5 8.3
13.98 | succinic 12.4 13.8
22.72 malic 60.2 266.8
2496 |azelaic 37.9 -
Tricarboxylic aliphatic acids
29.72 | citric | 625.8 | 6209
Aromatic acids
14.5 benzoic 15.7 -
23.8 cinnamic 20.4 -
27.71 | a-hydroxyphenylpropionic - 104.9
32.83 |vanillic 25.6 71.3
40.69 |ferulic 111.2 | 157.0
Total 1353.7 | 3007.9

Azelaic, benzoic and cinnamic acids have been found
only in black alder buds, and black alder leaves contain
only 2-hexenic and a-hydroxyphenylpropionic acids.

The total content of organic acids in buds was
1353.7 mg/kg, in leaves twice as high — 3007.9 mg/kg.
In buds citric acid (625.8 mg/kg) was in the highest con-
tent, which was comparable with the content of this com-
pound in leaves (620.9 mg/kg). In leaves the highest con-
tent was determined for oxalic acid — 1403.9 mg/kg, it
was more than 3.5 times higher the content of this acid
in buds. It can be associated with accumulation of crys-
tals and druses of calcium oxalate in leaves.

The content of dicarboxylic malonic and malic acids
in buds was 44.7 mg/kg and 60.2 mg/kg, respectively.
In leaves the content of these acids increased six times
and more than four times and was 267.9 mg/kg and
266.8 mg/kg, respectively. Besides, the ring A of the mo-
lecules of flavonoids is synthesized from 3 active mole-
cules of malonic acid.

There were 4.5 mg/kg of fumaric acid in buds and
8.3 mg/kg in leaves. This compound is found in the plants
of Fumaraceae, Papaveraceae family, in some lichens
and fungi; it is an intermediate product in the synthesis
of asparagenic acid.

There were 111.2 mg/kg of hydroxicinnamic acid —
pherulic acid in buds and 157.0 mg/kg in leaves. This com-
pound is an effective antioxidant, antitumoral agent, has
the stress-protective action, reducing lesions of the gastric
mucosa and myocardial damage caused by the immobili-
zation-pain stress. It is caused most likely by the ability of
pherulic acid to inhibit the processes of lipid peroxidation
and to strengthen oxidant processes in the cardiac muscle.

Thus, buds of black alder contained 39.7 mg/kg of
azelaic acid known as a keratolytic, antibacterial and anti-
inflammatory agent. In the plants azeloinic acid is ‘a flash
distress’, which takes part in defense reactions after in-
fection. Under the effect of this compound the accumu-
lation of salicylic acid — an important component of the
defense reaction of plants begins. Azelaic acid is con-
tained in the plants of Poaceae family. Medicines contain-
ing azelaic acid are active in relation to Propionibacteri-
um acnes, Staphylococcus epidermidis, Staphylococcus
aureus, Streptococcus, etc.

The results obtained will be used in the further study
of the black alder plant material.

CONCLUSIONS

1. Twelve organic acids have been identified in black
alder buds, and there are 11 mono-, di-, tri- carboxylic al-
iphatic and aromatic organic acids in black alder leaves.

2. The qualitative composition of organic acids is
different, 9 compounds have been found in both types
of the plant material.

3. The dominating component in buds is citric acid
(625.8 mg/kg), in leaves it is oxalic acid (1403.9 mg/kg).
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OOCNIMKEHHA OPTAHIYHUX KUCNOT BPYHBLOK TA NIUCTSA BINIbXU KNEWUKOI ALNUS
GLUTINOSA (L.) GAERTN.

0.A.®eduyeHkoea, O.1.Xeopocm

Knroyoei cnoea: sinbxa Knelika, 6pyHbKU; 1UCMST; Op2aHivyHi Kucraomu

3a dornomoeoro Mmemody xpomamo-mac-criekmpomempii npoeedeHuli NopieHsIbHUL aHasli3 KiCHO20
cKrnady ma KifnlbKiCHO20 8Micmy opa2aHiyHUX Kucriom y 6pyHbKax ma fiucmi eifibXu Krelkoi. B 6pyHb-
Kax einbxu Kneutkoi ideHmughikogaHo 12 opaaHidYHUX Kucriom, 3asallbHuUl 8Micm SIKUX CmaHo8us
1353,7 ma/ke, a 8 nucmi — 11 opaaHidYHUX KUCIOM i3 3a2aribHUM 8MiCMOM 808i4i 8ULLUM, HiXX Y 6pYHb-
kax — 3007,9 ma/ka. Y 6pyHbKkax 3HalideHO 1 MOHOKapboHoBy Kucriomy, 6 OQukapboHO8UX Kuc/iom ma
1 mpukapboHosy, 4 anichamuy4Hi ma apomMamuyHi opeaHidyHi kuciomu. B nucmi 3HalideHo 2 MOHO-
kapboHosi kucriomu, 5 dukapboHosux kucriom ma 1 mpukapboHosy, 5 apoMamuyHUX opaaHiYHUxX
Kucriom. SkicHul ckrnad opeaHiqHUX Kucsiom y 6pyHbKax ma siucmi eiribxu Krelkoi pisHuecs, 9 croryk
3HaltideHO 8 060x sudax CUPOBUHU, a caMe KarpoHOo8Y, waernesy, MasoHosy, hymaposy, SSHMapHy,
s61y4Hy, JIUMOHY, 8aHiniHo8Y, chepyriosy opaaHiyHi Kucriomu. A3enaiHosa, 6eH30UHa, KOpuYyHa Kuc-
JIomu Micmunucsi mifibKu 8 bpyHbKax 8ifibXu KnelKoi, a 2-eeKkceHoea ma a-OKCUGEHINnponioHosa
— MinbKU 8 IUCMi 8inbXxu Kreukoi. [JomiHyro4um KoMrnoHeHmMoM 6pyHbOK Byna NUMOHHa Kucroma
(625,8 me/ke), HaliHUXYUl emicm susHadyeHo 011 karpoHosoi (10,3 ma/ke) ma ¢hymapoeor (4,5 me/ke)
Kkucrniom. Y nucmi criocmepieascs Hatisuwul emicm waenesoi kucriomu (1403,9 me/kz), 8 He3Ha4yHUX
KiflbKocmsix 8 yboMy 8udi CUPOBUHU Micmunucs oymaposa ma siHmapHa Kucriomu (8,3 me/ke ma
13,8 me/ke 8idnoeioHo). OmpumaHi pe3yribmamu 6ydyms sukopucmadi 8 nodanbuwux O0CTIOKEHHSIX

CUPOBUHU 8irlbXU KI1eUKOI.

UCCNEOOBAHUE OPFTAHUYECKUX KUCIOT B NMOYKAX U NMUCTbAX ONbXW KNEUKON
ALNUS GLUTINOSA (L.) GAERTN.

F0.A.®edyeHkoea, O.1.Xeopocm

Knroveenie crnoea: onbxa knelikasi; MoYKU; IUCMbS; Op2aHUYeCcKUe KUC/I0Mmab!

C nomouwbto Memoda XpoMamo-Macc-crieKmpomMmempuu rnposedeH cpasHUMerbHbIU aHanu3 Kade-
CMBEHHO20 cocmaea U KOlU4eCcmeeHH020 coOepXKaHUsi Op2aHUYeCKUX KUCIOm 8 oYKax U sIuCmbsiX
onibxu Kneudkol. B modykax onbxu Knelkol udeHmughuyuposaHo 12 opzaHudeckux Kucriom, obuwee
codepxkaHue komopbix cocmaesuso 1353,7 ma/ke, a 8 nucmbsix — 11 opeaHU4YeCcKUX KUcom ¢ obwum
codepxkaHueM, edgoe bonbwum, Yyem 8 rodkax — 3007,9 me/ke. B nouykax obHapyxeHo 1 MOHOKap-
6oHosyto Kucriomy, 6 dukapboHosbix Kucriom, 1 mpukapboHosyto, 4 anughamuyeckue U apomamu-
yeckue opeaHuyeckue Kucriomsl. B nucmesix HalideHbl 2 MOHOKapboHo8bIe Kuciomsl, 5 dukapbo-
Hosebix kuciiom u 1 mpukapboHosasi, 5 apomamuyeckux opeaHU4yeckux kucraom. KavecmeeHHbll
cocmaes op2aHUYecKUX KUCIOm 8 roYykax U JIUCmbsX OfibXuU Krelkol omnudascs, 9 coeOuHeHul
HalideHbl 8 0boux sudax Cbipbsl, @ UMEHHO KarpoHosas, waesesnesas, MasoHosasl, pymaposasi, siH-
mapHasi, A6r104Hasi, IUMOHHas!, 8aHU/IUHOBas!, ¢hepyriogasi op2aHudeckue Kucnomsl. AsenauHosas,
b6eH3olHas U Kopu4Hasi Kucromabl co0epxanuchb mMosbKO 8 MoYKax OrfibXu KrelKol, a 2-2eKkceHoeast
U a-OKCUGheHUMPONUOHO8asi — MOJIbKO 8 IUCMbSIX OflbXU KelKkol. JJoMUHUPYHOULUM KOMITOHEHMOM
royek sigrisemcsi IUMOHHasi kucrioma (625,8 ma/ke), HU3koe codepxxaHue onpedenusu y KarnpoHos8oU
(10,3 me/ke) u pymaposol (4,5 me/ke) kucriom. B nucmesix Habrirodanock 8bICOKoe codepxaHue uwa-
genesoli kucromsi (1403,9 ma/ke), 8 He3Ha4YUMernbHbIX KOUYecmeax 8 amom 8ude Cbipbsi cooepxa-
Jiucb (hymaposasi u sHmapHasi kucriomsl (8,3 me/ke u 13,8 mae/ke coomeemcmeeHHo). [Nony4yeHHble

pesyrnbmamel 6yAym ucronb308aHbl 8 danbHeluwux ucciedo8aHUsIX Chipbs OfbXU KeUKoU.
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There is violation in a clear procedure of prescribing by doctors and dispensing of drugs from pharma-
cies in Ukraine. It has been noted that determination of the main trends in sales of prescription and
non-prescription medicines from domestic pharmacies is one of today’s topical areas of medicine and
pharmacy. According to the results of the pharmaceutical market analysis it has been found that today
the methods for determination of trends of drug sales using the methods of mathematical statistics
are practically absent. The method of determination of the main trends in sales of prescription and
OTC medicines in Ukraine and regions has been suggested; based on its results it has been found
that in Ukraine on the whole and in most of the regions there is a tendency of decreasing the level of
drug sales. At the same time for OTC medicines the increase of the level of sales is observed in the
Dnipropetrovsk, Donetsk, Zhitomir, Zaporozhia, Kievan, Kirovohrad, Odessa and Kharkov regions.
For prescription medicines the increase of the level of sales takes place in the Donetsk and Zhitomir
regions. The models of regression proposed can be effectively used for solving tasks of prognostica-
tion and analysis of indexes of drug sales. The results of the correlation analysis indicate a significant
positive relationship between the number of outpatient visits and the income level, between bed oc-
cupancy and the level of sales of prescription medicines, as well as between the income level and the
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number of sales of prescription medicines.

Efficiency of pharmaceutical provision of the popu-
lation is primarily related to the social issues: the organiza-
tion of dispensing of prescription and non-prescription
medicines, free and preferential dispensing of drugs, etc.
[2, 5]. Dispensing of prescription medicines is a normative
constituent of the regulatory authority of drug circulation
in every socially developed country, it ensures efficiency,
safety and rational pharmacotherapy and promotes reduc-
tion of self-medication and polypharmacy. However, over
the years of independence a clear procedure of prescribing
by doctors and dispensing of drugs from pharmacies has
been almost completely destroyed in Ukraine [4].

Ukraine has chosen the way to reform the health care
system, so determination of the main trends in sales of
prescription and non-prescription medicines from phar-
macies is one of today’s topical areas of medicine and
pharmacy.

Experimental Part

The pharmaceutical market analysis has shown that
currently the methods for determination of trends of
drug sales using the methods of mathematical statistics
are practically absent [3-10]. In this regard, the aim of
the research was to substantiate approaches to determi-
nation of the main trends of indicators in sales of pre-

scription and non-prescription medicines in Ukraine, as
well as their dependence on a combination of factors
that affect them.

The object of the study was methodological approach-
es to identification and assessment of trends in sales of
drugs (prescription and OTC) in Ukraine and its regions
in 2005-2013. To analyze the sample was formed by
monthly observations divided into two combinations:
sales (by number) of drugs by prescription and sales of
nonprescription medicines.

Results and Discussion

As aresult of research we have proposed the method
of determination of trends in sales of prescription and
non-prescription medicines in Ukraine and its regions
that includes the following stages:

At the first stage averaging of the input data for each
population and all regions was carried out; based on it
the average sales and variance were calculated [1].

At the second stage homogeneity of variances was
carried out by Fisher criterion; as a result it was found
that the variance estimates of drug sales were not uni-
form [1].

At the third stage of the method proposed the plots
of dependence of the average level of drug sales from
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Figure. Dynamics of sales of prescription and non-prescription medicines for 2005-2013 in Ukraine.

the time dimension were built using the data obtained
on the two previous stages.

Dynamics of prescription and OTC medicines for
2005-2013 in Ukraine is shown in Figure.

Analysis of the plots obtained allowed to conclude
about the possibility of approximation of these depend-
ences with quadratic polynomials [1], namely:

y(x) =a,tax + ax’.
Table 1

The values of regression equations parameters
for the regions of Ukraine

Regions a, a, a,
Vinnytsya 11.419 -1.608 0.182
Volhynia 11.588 -1.396 0.121
Dnipropetrovsk 26.655 -0.991 0.159
Donetsk 25.308 2.805 -0.088
Zhytomyr 7.246 0.292 0.013
Zakarpattya 8.902 -1.169 0.1
Zaporozhia 13.878 0.03 0.017
Ivano-Frankivsk 8.428 -1.003 0.135
Kyivan 10.748 -0.61 0.083
Kyiv city 27.164 -1.637 0.197
Kirovohrad 8.009 -0.186 0.013
Lugansk 18.407 -0.06 1.628
Lviv 28.08 -3.954 0.317
Mykolaiv 7.355 -0.364 0.057
Odesa 14.427 -0.65 0.124
Poltava 10.296 -0.659 0.173
Rivne 9.975 -1.134 0.107
Sumska 8.686 -1.22 0.134
Ternopil 8.481 -1.258 0.104
Kharkiv 21.578 -0.167 0.011
Kherson 9.546 -0.978 0.124
Khmel'nitska 13.85 -2.023 0.181
Tcherkasy 10.685 -0.803 0.093
Tchernivtsi 6.73 -0.666 0.079
Tchernihiv 11.243 -1.541 0.154
Republic of Crimea 29.099 -2.984 0.23

The fourth stage of the method provided for the
calculation of regression equations parameters, the re-
sults of which for sales of prescription medicines are
given in Tab. 1.

Next, at the fifth stage the test of significance of
regression equations parameters was carried out. As-
sessment of significance was carried out according to
Student’s test by calculating confidence intervals (15)
for each coefficient of each equation. However, some of
the coefficients were insignificant, for example, for Lu-
hansk region, therefore, the corresponding regression
equations were recalculated.

At the sixth stage the adequacy test was carried. Af-
ter elimination of insignificant coefficients the regres-
sion equations obtained were tested for adequacy by
Fisher criterion [1]. All equations were adequate.

Thus, the analysis of the results obtained by calcu-
lation leads to the following conclusion: in Ukraine as
a whole and in most regions of the country there is a
tendency of decreasing the level of drug sales. At the
same time for OTC medicines the increase of the level
of sales is observed in the Dnipropetrovsk, Donetsk,
Zhitomir, Zaporozhia, Kievan, Kirovohrad, Odessa and
Kharkov regions. For prescription medicines the in-
crease of the level of sales takes place in the Donetsk
and Zhitomir regions.

Using the research results obtained we have formed
a matrix of values of the factors that are likely to affect
the sales of prescription and OTC medicines. In all cases,
the numerical values of the factors are determined by
the rate per capita. Besides, because the ranges of vari-
ation in the numerical values of the various factors are
significantly different from each other, normalization
of these factors to their maximum value has been con-
ducted (Tab. 2).

According to the results of calculations a matrix is
formed where

F, — is the number of ambulatory visits per capita;

F, —is the number of hospital beds per capita;

F,—is the average bed occupancy;

F,—is the income of the population per capita.

We introduce the value Y — sales of medicines per
capita that are average normalized by the maximal value.
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Table 2

The matrix of the normalized factors
of influence on drug sales in regions

Regions F, F, F, F,
Vinnytsya 0.837 | 0.752 | 0.910 | 0.443
Volhynia 0.845 | 0.730 | 1.000 | 0.490
Dnepropetrovsk 0.914 | 0.860 | 0974 | 0.573
Donetsk 1.000 | 0.735 | 0973 | 0.586
Zhytomyr 0.909 | 0.678 | 0.980 | 0.438
Zakarpattya 0.764 | 0.707 | 0.910 | 0.356
Zaporozhia 0.818 | 0.793 | 0.943 | 0.390
Ivano-Frankivsk 0.773 | 0.800 | 0.890 | 0.417
Kyiv, city 0.990 | 0.691 | 0.930 | 1.000
Kyivan 0.783 | 0.772 | 0.890 | 0.450
Kirovohrad 0.742 | 0.835 | 0.950 | 0.520
Lugansk 0.891 | 0.875 | 0.978 | 0.580
Lviv 0.840 | 0.823 | 0.964 | 0.510
Mykolaiv 0.970 | 0.728 | 0.910 | 0.550
Odesa 0.784 | 0.758 | 0.937 | 0.450
Poltava 0.875 | 0.754 | 0.940 | 0.503
Republic of Crimea | 0.788 | 0.783 | 0.941 | 0.650
Rivne 0.844 | 0.771 | 0.982 | 0413
Sumska 0.740 | 0.819 | 0.931 | 0.360
Ternopil 0.948 | 0.805 | 0.978 | 0.386
Kharkiv 0.956 | 0.717 | 0.942 | 0.350
Kherson 0.824 | 0.766 | 0.966 | 0.580
Khmel'nitska 0.836 | 0.775 | 0.956 | 0.530
Tcherkasy 0.830 | 0.780 | 0.958 | 0.433
Tchernihiv 0.806 | 0.777 | 0.988 | 0.590
Tchernivtsi 0.813 | 1.000 | 0.956 | 0.456

We also introduce the model of dependence of the
level of sales on main factors:

yx) =a,F, +a,F, +al’; +a,fF,

The calculation of dispersion of homogenity gives
us the possibility for calculating vector A. According
to the results of calculation the vector has the form of:

A =(0.261; - 0.109; 0.462; 0.574).

The model for standardized variables obtained is
adequate by Fisher criterion. Regression models are ef-
ficiently used to solve the problems of predicting the
endogenous variable depending on the values of the fac-
tors that affect. However, the numerical values of the
coefficients of the multiple regression equation do not
give a correct representation of the relationship between

the levels of various factors since they depend on the
scale of their measurement that can be chosen arbitrarily.
In this sense, the matrix of correlation coefficients be-
tween the values of the factors and the resulting index,
which is independent of the scale is much more informa-
tive.

The cross-correlation matrix looks like:

1 -0.311 0.2687 0.3902 0.2061
-0.311 1 0.1516 -0.127 -0.208
0.2687 0.1516 1 0.1005 0.402
0.3902 -0.127 0.1005 1 0.6292
0.2061 -0.208 0.402 0.6292 1

The significance of the correlation coefficients is check-
ed by Student’s test as follows: statistics ¢ =r/(n—2)/ -r)
is calculated with Student’s distribution of k = n — 2 de-
grees of freedom, where » — is the coefficient of correla-
tion, n — is the number of experiments. To test the null
hypothesis at the significance level & and the number of
degrees of freedom £ by the tables of Student’s distribu-
tion (#-distribution) the critical value 7, that satisfies the
condition, P(|t>t,,) = a is found. If |¢>¢,,, then the null
hypothesis about the absence of correlation between the
variables must be rejected [1].

In the analysis n = 26, and 1=4.9

-
1-r

Tabulated value #,, = 2.07. Therefore, in the result-
ing matrix the following factors are significantly diffe-
rent from zero:

r, =<F,F>=0.39 (t = 2.075) — is the correlation
between the number of outpatient visits and the income
level,

rys =<F,Y>=0.402 (t = 2.151) — is the correlation
between bed occupancy and the level of sales of pre-
scription medicines;

rys =<F,Y>=0.629 (t = 3.964) — is the correlation
between the income level and the number of sales of
prescription medicines.

Thus, the regression models proposed can be ef-
fectively used for solving tasks of prognostication and
analysis of indexes of drug sales.

CONCLUSIONS

The method of determination of trends in sales of pre-
scription and OTC medicines in Ukraine has allowed
to reveal that in most regions of the country there is a
tendency of decreasing the level of drug sales.

The results of the correlation analysis indicate a sig-
nificant positive relationship between the number of out-
patient visits and the income level, between bed occu-
pancy and the level of sales of prescription medicines,
as well as between the income level and the number of
sales of prescription medicines.
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HAYKOBE OBI'PYHTYBAHHA OCHOBHWUX TEHOEHUIV (TPEHAIB) PEANI3ALIT
PELENTYPHUX TA BE3PELENTYPHUX NIKIB B YKPAIHI

J1.B.TepeweHko, A.C.Hem4yeHkO

Knrouoei crnioea: peuenmypHul 8idnyck; 6eapeuyenmypHuli 8i0rnycK; peanisauisi riKie;
MamemMamuKo-cmamucmuyHi Memoou

BkaszaHo Ha nopyuweHHs 4imkoeao rnopsiOKy 8urnucy8aHHs1 peuernmis fikapsiMu ma peuernmypHoeo 8io-
fycKy nikie 3 anmek 8 YkpaiHi. HaeornoweHo, wo 8crmaHo8/1eHHs OCHOBHUX meHOeHUilU rnpodaxie
peuenmypHux i 6espeuenmypHuUX fiKie 3 8iMYU3HSAHUX anmeYyHUX 3akiadie € 0OHUM 3 akmyasibHUX
Hanpsmkie MeduyuHu ma ¢hapmauii. 3a pesyrnbmamamu aHanisy chapmayesmuyHo20 PUHKY ecma-
HOB/1eHO, W0 Hapa3si npakmuyHo 8idcymHi MemoOuKU 8U3Ha4YeHHs meHOeHUil peanidauyii ikie 3 eu-
KopucmaHHSIM MameMamuKo-crmamucmu4YHUx Memodie. 3arnponoHosaHa MemooOuKa 8CMaHOB/IeHHS
mpeHadie peanizauii peuenmypHux ma be3peuenmypHux Jikie 8 YKkpaiHi i pe2ioHax, 3a pe3ynbmama-
MU 3acmocCy8aHHSs SIKOI 3’51c08aHO, W0 8 YKpaiHi 6 yiriomy i ro binbwocmi pezioHie KpaiHu Mae micye
meHOeHUjisi 00 3HUXEHHS pieHs peanizayii nikie. Pasom 3 mum 0nsi 6e3peyenmypHUX npenapamis
nidsuLweHHs pieHs1 npodaxie criocmepiecacmbcs 8 [Hinponemposchkil, [JoHeubkit, Kumomupchkid,
3anopisbkil, Kuieckkill, Kiposoepadcekiti, OdechkkKili ma Xapkiscbkili obriacmsix. CmocosHo peuyen-
mypHUX nipenapamig nid8uw,eHHs pieHs1 npodaxie criocmepicaembcs 8 [JoHeubkil i Kumomupchkil
obnacmsix. 3anpornoHosaHi Moderi peepecii MOXymb echeKmueHO 8UKopucmosysamucs 07151 eupi-
WeHHS 3a0ay NMpo2HO3ye8aHHs ma aHasli3y MoKasHuKie pearnizauii nikis. Pe3ynbmamu KopesnsayitiHo20
aHanisy ceidyams rpo Hasi8HICMb 3Ha4YHOI MO3UMUBHOI 3arexxHOCMI MK YucIoM ambynamopHUX 8i0-
gidysaHb I pisHem dox0Qdy, Mix 3aliHIMICMIO NIXKOK | pisHeM rpodaxie peuenmypHUX rpenapamis, a
makox Mix pieHem 0oxo0dy i yucriom nipodaxie rnpenapamie 3a peuermom.

HAYYHOE OBOCHOBAHUE OCHOBHbIX TEHOEHUWWA (TPEHOOB) PEANIU3ALUMN
PELUENTYPHbIX N BE3PELENTYPHbLIX NEKAPCTB B YKPAUHE

J1.B.TepeweHko, A.C.Hem4yeHKO

Knroyeeblie cnoea: peuenmypHbil ommyck; 6espeuernmypHbil OMycK; peanusayus nekapcms;
MemoObI Mamemamu4yecKol cmamucmuku

Yka3aHo Ha HapyuwieHuUe 4emkKoeo nopsioka 8bINMUChIBaHUST PEUENMOos 8padamu U peyernmypHO20 omiy-
CKa nekapcme u3 anmek 8 YkpauHe. OmmMeYyeHo, 4Ymo yCmaHOo8/IeEHUE OCHOBHbIX MEeHOeHUUU npodax
peuenmypHbIx u bespeyenmypHUX J1IeKapcme U3 0Ome4YeCcmeeHHbIX armeYHbIX y4Ypexx0eHull sensgem-
€51 OOHUM U3 aKmyarsbHbIX HarnpasneHuli ce2o0HAWHel MeduyuHbl U ghapmMayuu. 3a pesynbmamamu
aHanusa ghapmauesmu4eckoeo pbiHKa yCmaHOoB8/IeHO, YMO Ce200HS npaKkmu4YyecKu omcymecmeyom
memoduku onpedeneHusi meHOeH Ul peanu3ayuu iekapcme ¢ Ucrosib3oeaHueM mMemodos Mmamema-
muyeckoli cmamucmuku. [NpednoxeHa MemoOuKka ycmaHoerieHusi mpeHA08 peanusayuu peyenmyp-
HbIXx U be3peyenmypHbIX 5leKkapcme 8 YKpauHe u peauoHax, ro peayrbmamam rnpuMeHeHUst Komopou
ycmaHo8/1eHo, Ymo 8 YKpauHe 8 uesioM 8 60/bLUHCMBe pea2uoHO08 cmpaHb! Habmodaemcsi meHOeH-
Uus1 K CHUXEHUIO ypOBHS pearnu3ayuu fiekapcmes. Bmecme ¢ mem 0nis bespeuyenmypHbix ripenapa-
moe rosblweHue yposHsi npodax Habmodaemcs e [JHenponemposckol, [JoHeykou, *Kumomupckod,
3anopoxckot, Kuesckol, Kuposozpadckol, Odecckoli u Xapbkosckol obnacmsx. [na peuenmyp-
HbIX Mpernapamos rosbiueHue yposHs rnpodax umeem mecmo 8 [JoHeukol u XKumomupckol o6-
nacmsix. [MpednoxeHHble Modernu pespeccuu Mogym 3¢hheKmuUBHO UCMOb308ambCs Orisl pelleHuUst
3aday npoeHO3UpoB8aHUsi U aHanu3a riokadamerneul peanu3ayuu rnekapcms. Pe3ynbmamsl koppe-
JIAYUOHHOZ0 aHanu3a ceudemeribCmeyom O Hanu4uu 3Ha4umeribHoU no3umueHoU 3agucumocmu
MeXX0y YucsioM ambyramopHbIX rnoceuwieHull u yposHem 0oxoda, Mexxdy 3aHSIMOCMbIO KOEK U ypoe-
HeMm rpodax peuenmypHbIX rpenapamos, a makxe Mexoy yposHeMm doxoda U YucrioMm rnpodax rnpe-
rnapamoe o peuernmam.
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OBIPYHTYBAHHSI HOPMU MEIUKAMEHTO3HOI'O
3ABE3INEYEHHS ITIOCTPAKIAJIUX
BIMCBKOBOCJIYXBOBLIB I3 TOPAKOABIOMIHAJIBHOIO

TPABMOIO

A .M.ConomMeHHNI

VYkpaiHchka BIHCHKOBO-MEIUYHA aKaAeMist

Knrouosi cnosa: giticokosocyscoosyi, meoukamenmosHne 3a0e3neuents,; JiKapcoKi 3acoou;

HOPMYBAHHSL, MOPAKOAOOOMIHATbHA MPABMA

SUBSTANTIATION OF DRUG SUPPLY NORMS FOR MILITARY SERVICEMEN WITH

THORACOABDOMINAL INJURY
A.M.Solomennyy

Key words: military servicemen; drug supply; medicines; regulation; thoracoabdominal injury

Rendering of specialized medical care to the injured military servicemen with thoracoabdominal injury
requires significant amounts of drugs, and it directly affects the overall cost of treatment. The rational
quantitative and economic requlation of a wide range of medicines can be achieved by implementing
the official list and using the process of drugregulation. It has been found that using a normative ap-
proach to determine the quantity of drugs for the Armed Forces of Ukraine is due to their structure, the
principles of subordination and reporting, uniformity of structural divisions, partial territorial delivery,
ease of calculation, the commonality of reports, etc. This optimization of the system of drug supply
allows to solve effectively problems of clinical and economic treatment of the military servicemen
with thoracoabdominal injury. In the course of study a method for the regulation of drugs has been
developed and the norms for medicines have been substantiated for one injured soldier with thora-
coabdominal injury, per ten beds of the specialized department and per one medical specialist of the
department for rendering of specialized medical care to the injured military servicemen with thoraco-
abdominal injury at the level of the military medical clinical centre of the Armed Forces of Ukraine. The
calculation of such norms is based on the data of drug supply and patterns of affected persons with
thoracoabdominal injury. This calculation is theoretical and will coincide with the actual cost incurred

under condition of implementation of needs in funds to buy a hundred percent of drugs.

OnHi€lo 3 akTyallbHUX MPOOJIEeM JIiKyBaJIbHO-TIPO-
(hiMaKTHUHUX 3aKJI1B OXOPOHH 340POB’ S Ta MEANYHOT
ciryk0u 30poitaux Cun YkpaiHu € HOIIyK LUIAXiB pa-
LioHami3amii MarepiajJbHO-TEXHIYHOrO 3a0e3MeYeHHs Me-
JUYHHUX 3aKJIaJliB BIAMOBIIHO N0 iX morped. Biposa-
JDKEHHS IPUHIIMITIB PALliOHATBHOTO BUKOPUCTAHHS Ma-
TepiaJbHUX PECypciB Ha HAYKOBOMY, OpraHizaliiHo-me-
JUYHOMY Ta MEIUKO-TEXHOJOTIYHHUX PiBHSX IiABHILYE
€KOHOMIYHY €(EKTUBHICTH MEAMYHOTO 3a0€3MECUCHHS
30poiinux Cun Ykpainu. B pesynsrari npoBeneHHs aHa-
73y QyHKUiOHATIBHUX 0coOnmBOCTel hopMynsipHOi cH-
CTEMH 3’5ICOBAHO, IO (PaKTUIHO POPMYIIPHA CUCTEMA
BUKOPHCTOBYE TPaIULIIHHUI MiAXiA HOPMOBAHOTO IIEH-
TPaJIi30BaHOTO PO3NOALTY JTIKapCHKHUX 3ac00iB.

Marepiaau Ta MeTOIH

MeToro MpOBEACHHS HALIOTO JOCIIIKEHHS € PO3-
poOKa METOANKN HOPMYBAHHS JIIKAPCHKUX 3ac00iB IS
MEMKaMEHTO3HOTO 3a0€3MeUeHHS MOCTPAKAAINX BIHChH-
KOBOCITYXOOBIIiB 13 TOpak0adIOMiHaJIbLHOIO TPABMOIO.
OO0’ €eKT AOCHTIHKEHHS: CUCTEMa MEANKAMEHTO3HOTO 3a-
0e3MeueHHs! MOCTPaKAAINX BICHKOBOCITY>KOOBLIB 13 TO-
pakoabaoMiHaIBHOIO TpaBMolo. [Ipenmer pocmimxen-
HSI: METOJIMYHI IMiAX0IM, HOPMaTUBHO-TIIPABOBI aKTH Ta
OpraHi3aLifHO-eKOHOMIYHI 3acali CUCTEMH MEIHKaMEH-

TO3HOTO 3a0e3MeUeHHS MOCTPAXKIATNX BIHICHKOBOCITY K-
0O0BLIB 13 TOpaKoaOJOMiIHAIILHOIO TPaBMOIO. MeToau 11o-
CIIIJPKCHHS: CTAaTUCTUYHUHN T4 HOPMAaTUBHUNA METOMM.

PesyabraTn Ta ix 00roBopeHHst

Hananns crienianizoBaHoi METUYHOI TOTIOMOTH I10-
CTpaXJaJluM BiCHKOBOCITY>KOOBISIM 13 TOpakoad1oMi-
HAJIBHOIO TPaBMOIO NoTpelye 3a0e3rneueHHs 3HaYHO0
KUIBKICTIO JIiKapchKuX 3aco0iB. PanionansHe KijgbKic-
HO-EKOHOMIYHE BPETYJIIOBaHHS i€l MpoOieMu MOKIINBE
LUISIXOM CTBOPEHHS (POPMYIIAPHOTO MEPETIKY Ta BUKO-
pUCTaHHS IpolLleCy HOPMYBaHHS JIIKapChbKUX 3acO0iB.
Taxi migxoau 3yMOBIEHI CTPYKTYPHOIO TIOOYI0BOIO 30pOii-
Hux Cun Ykpainu, NpUHIMIIAMH TiAMOPSIKYBaHHS Ta
3BITHOCTI, OJHOTHUITHICTIO CTPYKTYPHUX ITiAPO3LTiB, Ya-
CTKOBUM TEPHUTOPiaIbHUM TIOCTa4YaHHsM, IPOCTOTOIO PO3-
paxyHKiB, yHi(iKoBaHiCTIO 3BiTiB TOIIO [1].

OMHUM 3 BOKJIMBHX MIiIXOMIB € CTBOPEHHS (hopMy-
JSIPHOTO TEPENTiKy JIIKapChKHUX 3aC00iB 1 CTaHaapTH3aLlis
MPOLIECIB HAAAHHS METUYHOT I0IIOMOTH, TOOTO YJOCKO-
HAJCHHS CHCTEMH MEAMKAMEHTO3HOTO 3a0e3MeueHHs.
Onrtumizanist CHCTEMH MEAMKAMEHTO3HOIO 3a0e3IeyeH-
HS1 103BOJISI€ €()EKTUBHO BUPIILIUTH MPOOIEMH KITiHIY-
HOTO Ta €EKOHOMIYHOTO XapaKTepy JIIKyBaHHS MTOCTPax-
Janux i3 TopakoabaoMiHaJIbHOIO TPaBMOIO [2, 5].
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BusHaueHo, 1110 OCHOBHUMY IIUTSIXaMH 3HIKEHHSI BU-
TpaT Ha METMKAMEHTO3HE 3a0e3IeUeHHS B CTaIllOHapi €:
iIBUIIICHHS KBaTiikaliii mkapis B o0nacti papmakore-
partii, parioHanbHa aHTHOI0THKONPO(DiTaKTHKA MTPH Xi-
PYPTiYHUX BTPYYaHHSX Ta MiCISIONepaliiHuX YCKIaI-
HEHHSIX, BUKOPUCTAaHHS TeHEPHYHUX TPErapariB, 3acTo-
CYBaHHS ONTHUMAaJbHUX (POPMYISPHUX TIEPEIiKiB, MOXK-
JUBICTH BUOOPY MPOJIOHTOBAHUX aHTUO10THKIB, BITPO-
BaJPKECHHS CUCTEMH BUKIIIOUEHHS MOJIinparmasii, nepe-
X1J1 mmicyst cradinizanii QyHKIiN opranisMy Ha repopaib-
HY (apMaxoTeparnito.

BripoBa/pkeHHS B IPaKTUYHY JisUTBHICTD METUYHOT
CITY’KOM TOCHITANBHOT JJAHKK (QOPMYJISIPHUX MEPETiKiB
npernaparis, po3po0iIeHHX 3 BpaXyBaHHIM (hapMakoeko-
HOMIYHHX ITOKa3HUKIB Ta BUMOI' HOPMaTHBHHX JIOKY-
MEHTIB, JACTh 3MOTY ONTHUMI3yBaTH MiHIMAJIbHHUHN PiBEHb
OromKeTHOTO (DiHAHCYBAaHHS, BU3HAYUTH TIOTPeOy B JIi-
KapChKUX 3aco0ax Ha BCTAHOBJICHHI MEPioJ AisUTbHOCTI
MEIUYHOT CITYKOH, 110 CIIPUSITUME T IBUIIIEHHIO SIKOCTI
MEIMKaMEHTO3HOTO 3a0e3IeueHHsl, I03BOJIUTh BU3HA-
YUTH HEOOX1/IHI BUTPATH JIJIsl HAJJaHHS MEIUYHHX I10-
CIIYT, & TAKOXK CIPUSTUME PalliOHATBHOMY BUKOPUCTaH-
HIO nipenaparis. [lociizoBHE 3anpoBaKEHHS BKa3aHUX
3ax0[IiB O3BOJINTH ONIEPATHBHO PearyBaTH Ha HOBUHKU
(hapmarneBTHYHOTO PUHKY YKpaiHu, BHOCUTH HEOOXiJ-
Hi 3MiHU JI0 KEPIBHUX JOKYMEHTIB 100 HOPMYBaHHSI
JKapChKUX 3ac00iB Ta €(hEKTUBHOTO 3/11HCHEHHS KOHT-
POJIIO 32 iX palioOHaIbHUM BUKOPUCTAHHSIM [6].

[To3uTHBHUMY pe3ynbTaTaMH BIPOBaIKEHHS (Op-
MYJISIPHOTO TIEPETIKY JIIKApChKHUX 3ac001B CIIiJ| BBaXKa-
THU: BiJIpaxyBaHHs HEOE3MEYHUX Ta MATOCPEKTUBHUX
npenaparis, CKOpOUCHHS TepMiHy niepeOyBaHHs ITOTep-
NUIMX y cTalioHapi, po3po0ka IiIbOBUX MPOTpaM Ha-
BUAHHS MEJMYHOTO MEPCOHAITY Ha OCHOBI CKOPOUCHHX
MepeTiKiB JIlKapCBKI/IX 3ac001B, CTBOPEHHS Ta OHOBJICH-
HS TIPOTOKOJIIB 1 CTAHAAPTIB HAJAHHS MEAWYHOI JO0MO-
MOT'H Ha OCHOBI ()OPMYJISIPHOTO TIEpeITiKy, 3MEHIIICHHSI
KUTBKOCTI JKAPCHKUX TIOMIJIOK 32 PAXyHOK aHaNi3y YHH-
HOI NMPaKTUKHU (apMaKoTeparnii Ta HassBHOCTI iH(popma-
TUBHOI 0a3¢ 1010 TPU3HAYCHHS JIIKAPCHKUX 3aCc00iB,
3MEHIIICHHS NOMINIparMasii, BUSIBIICHHS] peabHOI pak-
TUKH 3aCTOCYBaHHS MperapariB, BUSBICHHS 00’ €KTHUB-
HUX TOTped Traiys3i B MeJuKaMeHTax [9].

Tako BaXKJIMBUM KOMIIOHEHTOM OIITUMI3allil CUCTe-
MH MEJJMKaMEHTO3HOTO 3a0e3I1eUeHHs] € HOpMYBaHHS JIi-
KapCchKUX 3aC001B HA OCHOBI ONTUMAJILHOTO MEPEeIiKy
JKapChKKUX 3aCO0IB IS MOCTPAXKAAIUX 3 BiIMIOBIIHHU-
MU TpaBMaMH, SIKHI BpaxoBye AMHAMIKy repediry Ta
CTYHIHb TSDKKOCTI OTPUMAHOI TPaBMHU.

Po3pobka MeToaMKK HOPMYBaHHS JIIKAPCHKUX 3a-
cO0iB [T MEMKAMEHTO3HOTO 3a0€3EUCHHS ITOCTPaK-
JIaNNX BIMCHKOBOCIYKOOBIIIB MOTpeOye BpaxyBaHHs Oa-
raTboX (PaKTopiB, BiJI IKHUX 3aJI€KUTh KUIbKICHUI Ta sIKiC-
HUW CKJ1aJ HOPMHU.

B ocHoBy BHOOpY 4151 TPOBEJCHHSI HOPMYBaHHS JTi-
KapChbKUX 3aC001B JJIsl METUKAMEHTO3HOTO 3a0e3IeYeH-
HS BIICBKOBOCITYKOOBIIIB B OCOOJUBHUI MEPioj MOKJIa-
JIeH1 HACTYITHI rpyny NpuHOUMiB [5, 8, 9]:

a) OioapMarieBTHYHI: BUCOKA €(DEKTUBHICTh; HU3b-
Ka TOKCHYHICTh; HaJiHICTh BUKOPUCTAHHS B YMOBax

0COOJIMBOTO MEPIOY; TOCTATHS KIIBbKICTh; 0€3MEYHICTh

(MiHIMi3alist TOOIYHUX e(EeKTiB); IEPCIIEKTUBHICTD 3a-

CTOCYBaHHS IIperapary; J0BrOTpUBaje 30epiraHHs;

0) BUPOOHMUYI: HASBHICTh BJIIACHOI CUPOBUHH; MOX-
JUBICTh BITYM3HSHOTO MPOMHCIOBOTO BUPOOHUIITBA;
HHU3bKa BapTICTh MIPOMHUCIOBOTO BUPOOHHIITBA; HU3bKA
3aKyIiBeJIbHA IliHA.

HopmyBanHs nmikapchKux 3aco0iB Uit TOTped Biii-
CHKOBO-MEJIMYHOI CITYy»KOU Ma€ psii 0cOONMMBOCTEH:

* OaraTourcesibHa HOMEHKJIATypa JIKapChKHUX 3aCO-
01B, 110 BUKOPUCTOBYIOTBCS B JKyBaJIbHO-TIPO(Di-
JIAKTUYHOMY IIPOLIEC], YCKIIaIHIOE BUOIP e()eKTUB-
HUX Ta 0e3MeYHNX Npenaparis;

*  3HayHa KUIbKICTh MOXKJIMBUX CXEM 3aCTOCYBaHHSI ITpe-
napariB yCKJIaJHIOE PO3PaxXyHOK KUIbKICHUX Xapak-
TEPUCTHK JIKaPCHKHUX 3aC00iB;

* icHyBaHHs B rpynax ABC-knacudikarii BelIMKoi Kitb-
KOCTI TOPrOBHX HAa3B CIIPUYUHSE 3BY)KEHHS 1X KiJlb-
KOCTI JIO KUJIbKOCTI MI>KHAPOJTHUX HEMATeHTOBAHUX
HAa3B;

* 3HauHi (BEJUKi) TEPMiHU TIEPIOAUIHOTO MEPEIIISTY
HOMEHKJIATypH Ta HOPM JIIKapChKUX 3ac00iB (OIMH
pa3 Ha 5-10 pokiB);

*  PO3PHB 3BOPOTHOTO 3B’SI3KY MK PO3POOHUKOM HOPM
Ta 6e3nocepeHiM CIIOKMUBAYEM JIIKApCHKHX 3aC001B.
Ha HOopMy MerKaMeHTO3HOTO 3a0e3eueHHs BITJIH-

Bac BEJIMYHMHA Ta CTPYKTypa CaHiTapHUX BTpaT. ToMy B

XOJIi JIOCJIIJPKEHHS POBEICHO IOKYMEHTAJIbHUH aHai3

00ITiKOBO-3BITHHX JIOKyMeHTiB (popma 3/MEJ] «Mennu-

HUI 3BIT JIIKYBaJIBHOTO 3aKiay») [0I0BHOTO BiliChKO-

BO-MeAWYHOTO KiiHiYHOTO HeHTpy «['BKI™ Ta Bificbko-

BO-MEJIUYHUX KIIIHIYHUX [IEHTPIB PETiOHIB 32 OCTAHHS

1’ sITh pokiB. OTpUMaHi J1aHi BKa3yloTh Ha MOCTYIIOBE

MIiZIBUILCHHS PIBHS BUIAJIKIB OTPUMaHHS BIHCHKOBO-

CITy’KOOBIISIMU TIOJITPAaBM, Y TOMY YHCII 1 TOpakoad10-

MiHaJIbHUX TpaBM. BpaxoBytouu, 1110 KiTbKICHI TOKa3HUKH

BIJIOBIJIAIOTh JAHUM MHUPHOI'O 4acy, TO B OCOOJIMBHIA

nepios; BOHU MOXKYTh BiJIPI3HITHCH B IECSTKU pPa3iB.

BcranoBiieHo, 0 y pasi ypaKeHHS sIIEPHOIO 30pO€to

1[eil MOKa3HUK 30UIbIIYEThCS Y 2 pasu, a y pasi 3acTo-

CyBaHHS 3BHYaiiHOI 30poi — y 8 pasis [4].
[epenbaynT KUTBKICTh CAaHITAPHUX BTPAT JOCHTH

Ba)KKO, TOMY Oepy4H 710 yBaru JIOCBiJ Ta iCHYIOUi po3-

PaxyHKOBI JlaHi, MOJKHA MTPEACTABUTH HACTYITHHI aJro-

PUTM HOPMYBaHHS JIiIKaPCHKUX 3aC001B /IS JTIKYBaHHS

BiICbKOBOCJIYKOOBIIIB, SIKi OTpUMaju TpaBmy (puc. 1).
Hagenena Ha puc. 1 cxema BigoOpaxkae 6ararodak-

TOPHY 3aJIeKHICTh CTPYKTYpH CaHITapHHUX BTPAT B[ MPO-

1iecy NMPOBEICHHsI HOPMYBaHHSI JTIKapchKUX 3aco0iB. Bpa-

XOBYIOUH JIaHI HAIIOTO JOCHIPKEHHS, METOJUKY HOp-

MYBaHHSI JTIKAPChKHUX 3aCO01B AJIs MEIMKaMEHTO3HOTO

3a0e3MeYeHHS MOCTPAKAAINX BiiCHKOBOCTYKOOBIIIB 13

TOpPaKoadJOMIHAJILHOIO TPABMOIO MOYKHA B100pa3uTH

y BHIVISIIII CXEMH, SIK 1€ ITPECTaBICHO Ha pHC. 2.
BuzHavueHHs OTpeOH B TOMY 4M iHIIOMY TMpernapari

BH3HAYAETHCS 3 YPAXyBAHHSM Pa30BHX TEPANCBTHIHHX

103, KpaTHOCTl i TpI/IBaJIOCTl MPHUIIOMY, a TaKOXK KiJlb-

KOCTI MOTEPIIJINX, SKUM BiH MMOKa3aHUH.

[IpakTruHOO peaizalliero TOCHTIKSHHS € METOIU-
Ka HOPMYBaHHs JIIKApChKUX 3aC0O01B JIJIsl HAIaHHS CIICITi-
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Bug 36poi

—

3BUYanHa anepHa

CaHitapHi
BTpatH

——

Bup BiicbkoBOi
onepaduii

—

BusHaveHHs etany

Bua ta o6car meamyHoi gonomoru

MeOu4Hoi eBakyalii

amMa

nng kML cMa

U

U

BuaHayeHHs notpebu y

Posnogin caHiTapHMx BTpaT 3a Bugamu TpaBMyBaHHS

niKapCbK_l/lx_sacoﬁax B <:> umT K K TT cT
3anexHoCTi Bi TpaBMK 3a
BUAOM YpaXKeHHs!
u ‘ MonumBi noegHaHHA noniTpaBsMm
Yacosui posnogin (no6a)
BuaHadeHHs nepiogy
hopmyBaHHs NoTpebu <:> 1-2 34 58 9-14 1521

R

.

DopmyBaHHS BUXiOHMX
OaHnx

—

HopmyBaHHs1 nikapcbkux 3acobis

Puc. 1. Anroputm po3paxyHKy HOpM MikapCbKnx 3acobiB ANS NiKyBaHHS MOCTPaXAanux y 3anexHocTi

aJT130BaHOT MEAMYHOT JOMTOMOTH TIOCTPAKIAINM BiliCh-
KOBOCITYOOBIISIM Ha PiBHI BiliChKOBO-MEIUYHOTO KJTi-
HIYHOTO IIEHTPY. B OCHOBY p03paxyHKy HOPM JiKapChKHUX
3ac00iB MOKJIaZeHI HACTYIHI (PaKTOpHU: caHiTapHi BTpa-
TH, YiTKa ysIBa PO ONTUMAIBHHUN MEPEITiK JTIKaPChKUX
3ac00iB, OIIHKA CTaHY TSXKKOCTI MOCTPAKAAIUX i3 TO-
pakoab0MiHAILHOI TPABMOIO, HOPMATHBHI TOKa3HU-
KM HaJlaHHs MEIAWYHOI JOMOMOTH (BUJIH Ta PiBHI Me-
JIMYHOT JIOTIOMOTH), OTPUMAaHI B XOJIi JTOCIIJIKSHHS |2,
3]. B ocHOBY METOIUKH MOKIJIAACHO peati3awilo Ipes-
CTaBJICHUX PO3PAXyHKIB HOPM.

BiA pakTopiB POpMyBaHHS caHiTapHUX BTpaT.

Hopwmy (V) i-oro npemnapary 3 IEpETiKy JiKapChbKUX
3ac00iB I MEJUKaMEHTO3HOTO 3a0e3Me4YeHHs j-TO TO-
CTPaKIIAJIOTO BIFICHKOBOCITYKOOBIISI i3 TOpakoaOoMiHAIb-
Hoo TpaBMoro (Ha 100 caHiTapHUX BTPaT) pO3paxoBaHO
3a popmysoro (1):

d,

]V/'i = SnQn] nj + Sth}'dhj + Svavjd\gﬁ (1)
ne: S, — BIICOTOK CaHiTapHHUX BTPAT j-MX MOCTPaXKIAIIX
13 HETSDKKOKO TOPaKoabJIOMiHAIBHOKO TPaBMOK0; 0, — ce-

penHbpoa000Ba MoTpeda i-ro npenapary Uit MeIUKaMeH-

TopakoabhoMiHaNbHOK TPABMOKD

BuaHaueHHs nepeniky nikapcbkux 3acobis, WO
BUKOPWCTOBYIOTLCS B NiKyBaHHI NOCTpaxganux i3

BusHaueHHs ognHuui
HOPMYBaHHS
(Ha 10 npohinbHUX NiXOK,

v

Ha 100 oci6 ocobosoro cknagy,

[MpoBeneHHs AHanis HopmaTBHO-
HayKOBUX »| MPaBOBMX aKTiB Ta (haxoBuX
OocnigxeHb pekomMeHpauinHnx oprepen

Ha 1 nikapsi-cnedianicra)

Ve

dopMynApHUiA nepenik

BusHaueHHs obcsry
HopmaTuBy notpebu B
nikapcbkmx 3acobax
(3BITHI AaHi, paxi

J

NnepBUHHOT MeaNYHOI
[OKYMeHTaLii ToLo)

BusHaueHHs
CTPYKTYyp¥ Ta

BENNYMHU
CaHiTapHux BTpaT

HopmyBaHHs nikapcbkux 3acobiB (Ha MUPHWIA Yac, Ha ocobnuneKin nepios)

Puc. 2. MeToguka HOpMyBaHHS fnikapCbkux 3acobiB AN MeankaMeHTO3HOro 3abesneveHHs
nocTpaxganux BiiCbkoBOCY>O0BLIB i3 TopakoabaoMiHanbHOK TPaBMOL.
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TO3HOTO 3a0€3MeUeHHS MOCTPAKIAIUX 13 HETSKKOIO TO-
pakoabOMiHAILHOK TPABMOMK; d,, — CEPEHs TPUBA-
JICTh KypCy JIIKyBaHHS i-M MpenapaToM sl MeInuKa-
MEHTO3HOTO 3a0€31eUeHHS TIOCTPKAAINX 13 HETSKKOFO
TOPaKk0abIOMiHAIBHOIO TPABMOIO; S, — BIICOTOK CaHi-
TapHUX BTPAT j-MX MOCTPaXKIAIUX i3 TSHKKOIO TOPAKO-
abnoMiHATBHOIO TPaBMOK; O, — CEPENHBOI000BA 110~
Tpeba i-ro mpenapary Uit MeIMKaMEeHTO3HOTO 3a0e3-
MICYCHHS MTOCTPAXKIAIMX 13 TSHKKOI TOPAK0adIoMiHAIb-
HOIO TPABMOIO; d), — CEPENHs TPUBAIICT KypCy JIKy-
BaHHS i-M IIPENapaToM JJIsi MEeIMKaMEHTO3HOTO 3a0e3-
MICYCHHS MTOCTPAXKIAIMX 13 TSHKKOIO TOPAK0a0IoMiHAIb-
HOIO TPaBMOIO; S, — BIJICOTOK CaHiTapHHUX BTPAT j-HX IO~
CTpaXJANX 13 BKpail TSHKKOIO TOpakoadaoMiHAIBHOO
TpaBmoio; 0, — cepenHbpo000Ba MoTpeda i-ro npemna-
pary ans MeIMKaMEHTO3HOTO 3a0e3eueHHs TTOCTPaxK-
JaNUX 13 BKpail TSHKKOKO TOpakoaOJIoMiHAIBHOKO TPaB-
MOIO; d,; — CEPEJIHS TPUBATICTh KYPCY JIIKYBaHHS i-M TIpe-
[apaTroM JUIsl METMKaMEHTO3HOTO 3a0€3MeUeHHST OCTPaX-
JIAJTKX 13 BKpaH TSHKKOIO TOPaKoaOJOMIHAIIBHOIO TPABMOIO.

Hopwmy i-oro npenapary Ha 10 1ok npodiabHOTO
BiguineHHs (NV,,) 3 mepeniKy JKapChKUX 3acO01B IS
MeIMKaMEeHTO3HOTO 3a0e31eUeHHsI j-T0 MOCTPaKAAIO0ro
BiiICbKOBOCJIYKOOBIIS 13 TOPaKoaOI0MiHAIBLHOK TPaB-
MO0 PO3paxoBaHo 3a hopmyIioro (2):

VXN,
Ny = it )
10

ne: V — mikkoBa €MHICTH | JikKa mpoQiIbHOTO BiJIi-
JICHHSI POTSTOM POKY; N, — HOpMA [-0r0 Hperapary 3
nepesiKy JKapChKUX 3ac001B ISt MEIMKaMEHTO3HOTO
3a0€3MEeUYCHHS j-TO MOCTPAXKIAIOr0 BiiCHKOBOCTYKO0B-
14 13 TOpaKoadIOMiHAIEHOIO TPABMOIO.

JIi>kkoBy eMHICTB 1 J1ixkKa TpodiabHOTO BIIICHHS
(V) npotsrom poky po3paxoBano 3a popmysioro (3):

V= 365 x100% 3)
D, xS, +D,xS,+D, xS, ’

ne: D, — KUTbKicTb 110 nepeOyBaHHs Ha CTallioHAPHOMY
JKYBaHHI j-TO TIOCTPAXKIAIOTO 13 HETSHKKOIO TOPAKO-

a0oMiHAIBHOIO TPABMOIO; S, — BIICOTOK CaHITapHUX
BTPAT j-UX MOCTPAXKIAIHX 13 HETAKKOIO TOPAKOaOI0Mi-
HAJBHOIO TPaBMOIO; D, — KUIBKICTh Ji0 nepeOyBaHHS
Ha CTaI[lOHAPHOMY JIIKyBaHHI j-TO IOCTPAXKIAIOTO i3
TSDKKOIO TOPakoaOJOMiHAIBHOIO TPaBMOIO; S, — BiJICO-
TOK CaHITApHUX BTPAT j-MX NOCTPAXKJIAIHX 13 TSHKKOIO
TOpaKoadJOMiHATBHOIO TPaBMOKO; D, — KiJbKICTh J1i0
niepeOyBaHHs Ha CTAI[IOHAPHOMY JIIKYyBaHHI j-TO TIOCTPaX-
JIAJIOTO 13 BKpail TSHKKOIO TOpakoab0MiHATBEHOIO TPaB-
MOI0; S, — BIJICOTOK CaHITapHHUX BTPAT j-UX IOCTPaK-
JIANTUX 13 BKpail TSDKKOKO TOpakoadJIoMiHAIBHOK TPaB-
Mo10; 365 — KiBKICTB /110 Ha PiK.

Hopwmy i-oro npenapary Ha 1 mikapsi-crierjiamicra
npodinbHoOro Biytinenns (N,,) 3 NepeiKy JiKapChKux
3ac00iB I METUKaMEHTO3HOTO 3a0e3TeYeHHS j-TO TO-
CTPaX/IAJI0T0 BIHCHKOBOCITYXOO0BIIS 13 TOpaKoad1oMi-
HaJHHOIO TPABMOIO PO3paxoBaHo 3a (hopmyioro (4):

N, x P,
N, =—7—" )
Fop

ne: N,,— HopMa i-oro ipeniapary Ha 10 oK mpodiib-
HOTO BiJUIUICHHS 3 TIEPEITIKY JIIKapCHKUX 3aC001B JIJIs Me-
JUKaMEHTO3HOTO 3a0e3IeueHHs j-TO IMOCTPaXKIaIoro
BIICbKOBOCTYK00BIIS 13 TOPaKoaOI0MiHATIBLHOK TPaB-
MOIO; Psp — KUIBKICTh JIIKapiB-CIICIIATIICTIB Ha OJJHE TIPO-
dinbue Bigninenus; P, — KilbKiCTb JKOK NPOQinbHO-
TO BIIIUICHHSI.

BHCHOBKUA

B pesynbrari npoBeeHOr0 JOCIIPKEHHSI CTBOPEHO
(hOpMYISIpHUIA TIepeNiK JIiKapChbKUX 3ac0o0iB Ta METO/IU-
Ky HOpPMYBaHHS JIKAPCHKUX 3acO01B JIJIsl HAJaHHS CIIe-
1[iaJ1130BaHOT MEUYHOT IOTIOMOT'H ITOCTPAXKIAJTUM Biii-
CHKOBOCJTY)KOOBIISIM 13 TOPAaK0aO0MiIHATIBHOK TPABMOIO
Ha PiBHI BIfICbKOBO-MEIMYHUX KIIIHIYHUX IEHTPiB Mi-
HicTepcTBa 000poHU YKpaiHH, a TakoXK 3/1lCHEHO 00-
I'PYHTYBaHHS HOPM JIIKapChbKUX 3aC001B 3 PO3paxyHKY
Ha OJIHOTO IMOCTPAXKAIIOTO BiliCbKOBOCITYKOOBIIS 13 TO-
pakoabIOMiHAIBEHOIO TPABMOIO, Ha JAECATH JKOK TPO-
(bUTBHOTO BIUIIICHHS Ta Ha OJIHOTO JIiKapsi-CrielianicTa
npoQUTEHOTO BiJIIJICHHS.

JIITEPATYPA

1. Basynosa H.B., I'anyuxa A.M., Cemenie L11. // [Ipobnemu giticokogoi oxopomu 300pos 's: 30. Hayk. npayb YBMA. —

Bun. 40. - K., 2013. - C. 21-32.

2. Tonyo A.I, I'ynena B.C., basynosa H.B. ma in. // [Ipobnemu 6iticbko6oi 0xoponu 300pog s 30. HAYK. npayb

YBMA. — Bun. 33. — K., 2012. — C. 260-266.

3. Tonyb A.I' Ilopsoox 6i0bopy nikapcvkux 3acodie 0nist nomped AiKysanbHux 3axiadie Minicmepcmea o60poHu

Vrpainu. — K., 2006. — 24 c.

4. Menvnux I1.C., Bapyc B.I. Ocnoeu ynpaseninua meouunum 3abesneuennuam 3opounux Cun Yxpainu 6 nisuix
ymosax ix 3acmocyeanns. — K.: HAI IIBM 3C Vkpainu, 2008. — 360 c.

5. Drug and Therapeutics Committees — A Practical Guide: World Health Organization. — 2003. — 155 p.
[Enexmponnuii pecypc]. — Pesxcum oocmyny: http.//www.apps.who.int/medicinedocs/en/d/Js4882.

6. Matar Z.S. // The Internet J. of Surgery. — 2008. — Vol. 14, No2 [Enexmponnuti pecypc]. — Pescum docmyny:

http: //www.ispub.com.

7. Nast-Kolb D. // Chirurg. — 2006. — Ne77 (9). — P. 861-873.
8. Pape H.C., Tornetta P, Tarkin I. // AAOS. — 2009. — Vol. 17, Ne9. — P. 541-549.



62 BICHWK ®APMALLIT 3(79)2014 ISSN 1562-7241

9. Paul Hunt // UN Economic and Social Council. — 2005. — P. 10-11. [Enexmponnuii pecypc]. — Pesicum docmyny:
http://www.who.int/medicines_technologies/G0510645.Pdf.

10. WHO Model List of Essential Medicines (18th list) April 2013. [Enexmponnuii pecypc]. — Peacum docmyny:
http://www.who.int/medicines/ publications/essentialmedicines/18th_ EML Final web 8Jull3.pdf.

OBI'PYHTYBAHHA HOPMU MEAUKAMEHTO3HOIO 3ABE3NEYEHHA NOCTPAXKOANUX
BINCbKOBOCHYXBOBLIB 13 TOPAKOABAOMIHAJIbHOKO TPABMOIO

A.M.ConomeHHul

Knrovoei cnioea: siticbkosocryx608uj; MeOukameHmMo3He 3abe3rneyeHHs; nikapcbki 3acobu;
HOpMy8aHHSsI; mopakoabOomiHaibHa mpasma

HadaHHs crieujanizosaHoi MeOuYHOI Gormomoau nocmpaxkoanum 8iticbKO8OCTyXK608USIM i3 mopaKko-
abdomiHanbHO mpasmoro nompebye 3abesrnevyeHHs1 3Ha4HOI KinbKocmi JlikapcbKux 3acobis, wo 6es-
rnocepedHbO 8ruBae Ha 3azallbHy 8apmicmeb JliKyeaHHS. PauioHaribHe KirbKiCHO-€KOHOMIYHE 8peay-
JII08aHHST LUUPOKO20 apceHarly fikapCbKux 3acobie MOXIUuge WIISXOM 8r1po8adKeHHs1 hopMyrisipHO20
reperiiky ma 8UKopuCmaHHs poyecy HoOpMysaHHs flikapcbKux 3acobig. BcrmaHoemeHo, w0 8UKopuc-
MmaHHs1 HOpMamueHo&20 Midxo0y 00 8U3HAaYEHHS Kirlbkocmi fikapcbKux 3acobie 0ns 36poliHux Cun
YKpaiHu 3ymoerieHe ix cmpyKkmypHO nobydoeoro, npuHyunamu nidrnopssiOKysaHHs ma 38imHOCMI,
O0HOMUNHICM0 cmMpyKmypHuUXx nidpo3dinig, YacmKosuM mepumopianbHUM rnocmadyaHHsIM, npocmo-
moto po3paxyHkis, yHichikosaHicmro 38imie mow,o. Taka onmumizauisi cucmemu MedukaMeHmMOo3HO20
3abesneyeHHs1 00380s15€ eheKmuBHO supiluumu npobremu KniHiYHO20 ma eKOHOMIYHO20 Xapakme-
py niKkysaHHs nocmpaxoasnux 8ilicbkogocnyxbosujig i3 mopakoabdomiHabHOK mpasmor. [1i0 yac
rnposedeHHs1 O0CIOKEHHST pO3p0bIeHO MemoOUKY HOPMy8aHHS JlikapCbKux 3acobie ma 30ilicCHEHO
0brpyHmMyeaHHs1 HOPM JlikapCbKux 3acobig 3 po3paxyHKy Ha 00HO20 nocmpak0asio2o 8iliCcbKO8OCTYX-
bo8ysi i3 mopakoabdoMiHarbHOK MpPasMor, Ha 0ecsimb JIXKOK MPoginibHo20 8iddineHHsT ma Ha 00-
HOo20 nikaps-crieyianicma eiddineHHs1 0nsi HalaHHS crieyianizoeaHoi Medu4HOi dornomoau Mocmpax-
Oanum eilicbkkogocryxbosUsiM i3 mopakoabdoMiHarIbHOK MPasMoK0 Ha PieHI 8ilicbKO8O-MeAUYHO20
KniHiYHOo20 yeHmpy 36poliHux Cun YkpaiHu. Po3paxyHOK makux HOpM 3acHo8aHUU Ha 0aHux rpo-
yecy medukamMeHmo3H020 3abe3rneqYeHHs ma cmpyKmypu rnocmpaxoarux i3 mopakoabOoMiHambHO
mpasmor. Takul po3paxyHOK € meopemuy4yHuM i 6yde cnienadamu 3 peasibHUMU sumpamamu 3a
ymosu peanizauii nompebu 8 kowmax Ha rnpudbaHHs MeduKkaMeHmi8 Ha cmMo 8i0COMKie.

OBOCHOBAHUWE HOPMbl MEAUKAMEHTO3HOIO OBECNEYEHUA NOCTPAOABLLUX
BOEHHOCNYXALLUX C TOPAKOABAOMWHATNIBHOW TPABMOM

A.H.ConomeHHbIlU

Knroveenle crioea: 80eHHOCyXaujue; MeOukaMeHmMOo3Hoe obecrnedeHue; 1ekapcmeeHHbIe
cpedcmea; HopMuposaHue; mopakoabOoMuHabHas mpasma

OkasaHue crieyuasnusupoeaHHoU MedUUUHCKOU noMouu rnocmpadasuiumM 80EHHOCITYKaUWUM C MopaKo-
aboomuHanbHol mpasmoli mpebyem obecrieyeHuUs 3Ha4UMerIbHO20 Koru4yecmea J1eKapCmeeHHbIX
cpedcmes, Ymo HarpsMyr enusem Ha ooy CmMouMOCmb fiedeHuUst. PayuoHabHOe Komu4yeCcmeeHHo-
9KOHOMUYECKOE ypezynuposaHue WUPOKO20 apceHara JiekapCmeeHHbIX cpedCcme 803MOXHO Mymem
8HEOPEeHUsI hopPMYIISIPHO20 MEPEYHS U UCM0b308a HUS NMpoyecca HOPMUPOBaHUS JIeKapCmMeeHHbIX
cpedcms. YcmaHo8/1eHo, Ymo UcCrofib308aHue HopMamugHo20 nodxoda K ornpederieHuto Komu4ve-
cmea fiekapcmeeHHbIx cpedcme 0 Boopy»keHHbIx Cusl YkpauHbl 06yCrio8rieHo ux CmpyKmypHbIM
rnocmpoeHueM, npuHyuUnamu noGYUHEHUs1 U 0myemH{ocmu, 0OHOMUMHOCMbI CMPYKMYPHbIX M00-
pasdeneHul, Yacmu4HoU meppumopuasibHol nocmaskou, npocmomou pac4emos, yHuUpuyuposaH-
Hocmblo omyemos u m. 0. Takas onmumu3ayusi cucmemsl MeduKaMeHMoO3Ho20 obecrevyeHusi no-
380r19€m 3¢hgheKmueHO pewiums rpobremMbl KIUHUYECKO20 U 9KOHOMUYECKO20 XapaKkmepa Jie4eHuUst
rnocmpadaswux 80€HHOCyXalwjux ¢ mopakoabdomuHanbHOU mpasmoul. B xode rniposedeHus uc-
crnedosaHusi paspabomaHa MemoduKka HOPMUPOBaHUST NIEKapPCMBeHHbIX CpedCcma U OCyu,ecmerieHo
obocHoBaHuUe HOPM 5ieKapCmeeHHbIX cpedcmes U3 pacdema Ha 00HO20 rnocmpadasuwe2o 80€HHOCITY-
XXauweao ¢ mopakoabdomuHanbHOU mpasmol, Ha 0ecsimb KoeK rnpoghuribHOo20 omderieHuUs1 U Ha 00-
HO20 8paya-crieyuanucma omoeneHus 0715 oKa3aHus crieyuanu3upogaHHolU MeduUUHCKOU MoMouu
rnocmpadaslwuM 80€HHOCYXaWuM ¢ mopakoabOoMuHanbHOU mpaemol Ha ypo8He 80€HHO-Medu-
UUHCKO20 KITUHUYecKozo ueHmpa BoopyxeHHbix Cun YkpauHbl. Pacdem makux HOpM OCHO8aH Ha
OaHHbIX rnpouyecca MeduKaMeHMO3H020 obecriedeHUsT U CmMpyKmypbl nocmpadasuwux ¢ mopakoab-
domuHarnbHol mpasmoli. Takol pacyem sigrisemcsi meopemudyeckum u 6ydem coernadamsb C peasib-
HbIMU 3ampamamu fpu ycrosuu peanusayuu nompebHocmu 8 cpedcmeax Ha npuobpemeHue mMe-
OuKkameHmoe8 Ha cmo MPOUEeHMOo8s.
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Today, in conditions of an increasing unpredictability, novelty and complexity of the external environment
the intensification of its influence on the processes of manufacturing pharmaceutical enterprises
functioning is observed. To provide survival, resistant functioning and development of pharmaceutical
enterprises in the conditions of changes occurring in the external environment it is necessary to study
the influence of factors of the external macro- and microenvironment and adapt to them. According to
the survey of managers of different levels of fifteen domestic pharmaceutical enterprises it has been
found that the main tendencies of the pharmaceutical market affecting the activity of manufacturing
pharmaceutical enterprises are appearance of new medicines, expansion of the assortment, increase
of the enterprises’ profits and improvement of work with suppliers. The degree of the influence of
suppliers, competitors, organizations-consumers and contact audience on the work of manufacturing
pharmaceutical enterprises has been determined. Most microenvironmental factors positively affect
the activity of enterprises. The influence of organizations-consumers, in particular their solvency,
reliability and terms of delivery and the influence of suppliers (availability of exclusive offers, the
assortment and quality of products, the terms of sale and the supplier’s reliability) have the greatest
number of positive evaluations. According to the respondents competition takes the third place by the
degree of the positive influence on the activity of manufacturing enterprises. Most respondents have
positively estimated the influence of contact audience on the activity of manufacturing pharmaceutical
enterprises; however, some factors have received a significant number of negative evaluations, in particular

the impact of public organizations, public authorities, local contact audience and mass media.

Today, in conditions of an increasing unpredictability,
novelty and complexity of the external environment the
intensification of its influence on the processes of manu-
facturing pharmaceutical enterprises functioning is ob-
served. Instability of the economic and political situa-
tion, increased competition significantly complicate the
management process, and the prospects of development
become less predictable. To provide survival, resistant
functioning and development of pharmaceutical enter-
prises in the conditions of changes occurring in the ex-
ternal environment it is necessary to study the influence
of factors of the external macro- and microenvironment
and adapt to them.

Analysis of the latest research and publications, in
which the solution of the problem is initiated and which
the author reffers to. In the works of well-known foreign
authors the problems of management of enterprises adap-
tation to changes of the external environment are con-
sidered [5-10]. In scientific professional pharmaceuti-
cal journals there are articles concerning the impact of
external macro- and microenvironment factors on the
activity of pharmacies [1-4].

Singling out the previously unsolved parts of the ge-
neral problem, which the given article is devoted to. There
is almost no information in literature concerning the in-
fluence of external macro- and microenvironment fac-

tors on the activity of manufacturing pharmaceutical
enterprises, including analysis of the impact of orga-
nizations-customers, competitors, suppliers and contact
audience.

The aim of the paper is substantiation of scientific
and practical approaches to analysis of the influence of
external microenvironment factors on the work of manu-
facturing pharmaceutical enterprises.

The methods of expert estimations, statistical and
graphical methods were used in the study.

Presentation of the basic research material with com-
plete substantiation of the research results obtained.
The microenvironment of pharmaceutical organizations
is the environment of direct influence, including such
factors as organizations-customers, suppliers, competi-
tors, contact audience directly affecting the activity of
the organization, and they are directly affected from its
operations. It is necessary to consider the impact of mi-
croenvironmental factors constantly and predict it for
effective functioning of pharmaceutical organizations.

The main tendencies of the pharmaceutical market
affecting the activity of manufacturing pharmaceutical
enterprises (Fig.) have been determined. For this pur-
pose leaders of various levels of fifteen domestic phar-
maceutical enterprises estimated the list of the parame-
ters proposed according to 10-point scale. According to
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the survey of respondents it has been found that there

are the following main tendencies: appearance

medicines, expansion of the assortment, increase of the
enterprises’ profits and improvement of work with sup-
pliers; they are 9.6; 9.0; 7.9 and 7.9 points, respectively.

Points
Fig. The main tendencies of the pharmaceutical market affecting the activity of manufacturing pharmaceutical enterprises.

Fighting for survival, increased competition, attraction

of new  of the organizations-consumers’ attention to their products

require manufacturing pharmaceutical enterprises to study
the influence of external environmental factors for their
successful functioning at the pharmaceutical market.

Table
Estimates of the degree of influence of the microenvironmental factors
on the activity of manufacturing pharmaceutical enterprises
Components of the microenvironmental factors Points
P 3 | 2 | a4 | o | + +2 13
COMPETITION
Entry of new competitors 6.7 26.7 13.3 - 333 20 -
Strengthening of existing competitors 26.7 - - 20 333 - 20
ORGANIZATIONS-CONSUMERS
Solvency — — - — 66.6 6.7 26.7
Reliability — — — 6.7 66.6 26.7 —
Timely payments - — - 6.7 46.6 40 6.7
Terms of delivery — — - 6.7 66.6 — 26.7
SUPPLIERS
The assortment and quality of the product - - — - 60 133 26.7
The terms of sale — — — 6.7 60 333 —
The conditions of delivery — — - 26.7 40 20 13.3
Supplier’s reliability — — — 6.7 60 20 13.3
Availability of exclusive offers - — - 6.7 66.6 20 6.7
Supplier’s reputation - - — 6.7 333 60 -
CONTACT AUDIENCE

Financial circles (banks, investment companies, _ 133 B _ 40 26.7 20
brokerage firms, investors)
Impact of public authorities — — 26.7 — 533 20 —
e oty | — | - | % | - | =3 | e |
glrjflljlrc)socr)?gzléﬂgc(;r;,nic(;\gc groups and other _ B 40 40 133 6.7 B
Local con ien mmunities, religi
o ot s Communtes elgous || | 267 | 267 | 33 | 13 | -
Own officials and employees — — 6.7 13.3 66.7 13.3 —
Insurance companies - - 133 46.7 13.3 26.7 -
Intermediaries - — 6.7 13.3 60 6.7 13.3
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The expert evaluations were used to analyze the im-
pact of external microenvironmental factors on the ac-
tivity of manufacturing pharmaceutical enterprises. In
the questionnaires managers of various levels of fifteen
domestic pharmaceutical enterprises estimated the de-
gree of the influence of microenvironmental factors using
a scale from -3 to +3. The expert assessment from -3
to -1 indicates a negative influence of the factor on the
activity of the pharmaceutical enterprise, 0 — the factor
doesn’t affect the activity of the enterprise, from +1 to +3
indicates a positive influence of the factor. A percentage
value for each factor of a certain group of the micro-
environment was calculated after the data processing.
The results are presented in Table. Most microenviron-
mental factors positively influencing on the activity of
manufacturing enterprises because microenvironmen-
tal factors directly affect the activity of an enterprise
and, in contrast to macroenvironment factors, they are
subject to direct impact of pharmaceutical enterprises.

Analyzing the data of Table, the influence of organi-
zations-consumers, in particular their solvency, reliabi-
lity and terms of delivery, have the greatest number of
positive evaluations (+1).

Suppliers are one of the most important factors of
the microenvironment; this fact is confirmed by the results
of a survey of managers of different levels in fifteen do-
mestic pharmaceutical enterprises. It should be noted that
availability of exclusive offers, the assortment and quality
of products, the terms of sale and the supplier’s reliability
have the greatest number of positive evaluations (+1).

According to the respondents competition takes the
third place by the degree of the positive influence on
the activity of manufacturing enterprises Such factors

as appearance of new competitors and strengthening of
existing competitors received 53.3% of the respondents’
positive estimates. However, 46.7% of professionals gave
a negative estimate (-3 to -1) to the influence of such
factor of the microenvironment as appearance of new
competitors, and it could be the result of unfair and il-
legal competition.

During the research most respondents indicated the
positive influence of contact audience. However, four
factors received a significant number of negative evalu-
ations, in particular managers of manufacturing phar-
maceutical enterprises estimated the impact of public
organizations, public authorities, local contact audience
and mass media as negative by 40%, 26.7%, 26.7% and
20%, respectively, due to creation of a negative image
of enterprises-manufacturers of medicines and medical
products. As for 13.3% of respondents, they indicated a
negative (-2) impact of banks because of instability of
the banking system in Ukraine.

Thus, the results obtained at this stage of the study
allow concluding that the study of the influence of the
external microenvironment factors is an integral part of
a successful activity of manufacturing pharmaceutical
enterprises.

CONCLUSIONS

1. The main tendencies of the pharmaceutical mar-
ket affecting the activity of manufacturing pharmaceu-
tical enterprises have been found.

2. The degree of influence of the external micro-
environmental factors — suppliers, competitors, organi-
zations-consumers and contact audience — on the work
of manufacturing pharmaceutical enterprises has been
determined.
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AHANI3 BMINBY ®AKTOPIB 30BHILLHLOIo0 MIKPOCEPEAOOBULLA HA OIANBHICTb
BUPOBHNYUX DPAPMALIEBTUYHUX NIANMPUEMCTB

I.B.6oHOapeea

Knrouyoei cnoea: meHOeHUil ghapmayesmuyHo20 pUHKY, hakmopu 308HIiUIHb020
Mikpocepedosuwa; 8UpobHUYI hapMmauesmuyHi nidrnpuemMcmea, opeaHizauji-crioxusadi;
KOHKYpeHmu; rnocmadvasabHUKU; KOHMaKkmHi ayoumopii

Ha menepiwHit Yac 8 ymogax 3pocmaroqoi HernepedbadygaHoCmi, HO8U3HU i CKITadHOCMI 308HILUHBO-
20 cepedosulya criocmepieaemasCs MOCUNEHHS IX 81Uy Ha npoyecu byHKYiOHy8aHHS 8UPOBHUYUX
apmauyesmuyHux nidnpuemcms. [ns 3abesrnedyeHHs: UxXugaHHs, cmilikoeo yHKUIOHy8aHHSI ma



66

BICHWK ®APMALLIT 3(79)2014 ISSN 1562-7241

po38UMKY chapmauesmuyHUX rnidrnpuUeMcmes 8 ymosax 3MiH, Wo 8i06yeatombCsi Y 308HILUIHbOMY ce-
pedosuyi, He0b6xiOHO sueYamu eraue hakmopie 308HIUIHLO20 Makpo- ma Mikpocepedosuuw,a ma
adanmysamucsi 00 HUX. 3a pe3yribmamamu ornumyeaHHs1 KEPIBHUKI8 PI3HO20 pPigHs1 n’amHadusimu 8i-
MYU3HSHUX ¢hapMauyesmuyHuUX nidnpuemMcmes 8CmaHo8/1eHO, WO OCHOBHUMU MeHOeHYissMu ¢hapma-
UesmMuYHoO20 PUHKY, Wo eruearome Ha OisifibHICMb 8UPOBHUYUX MIONPUEMCMS, € MaKi: rnosisa HO8UX
JiKapcbKuX rpenapamis, po3WUpPeHHs acopmuMeHmy moeapie, 36irbWeHHs1 npubymky nidnpuemMcme
ma ydoCKOHaneHHs pobomu 3 nocmavasbHUKkamu. BcmaHogsrneHo cmyniHb 8risiugy nocmadasibHUKIE,
KOHKYpeHmi8, opaaHi3auyili-crioxueadie i KoHmakmHux ayoumopil Ha pobomy eupobHuU4Yux ¢hapma-
uesmuyHux nidnpuemcma. binbwicme ghakmopig Mikpocepedosuuwja noumueHo ersueae Ha Oisisib-
Hicmb nidnpuemMcmas. HalbinbWwor KiflbKiCmio no3umueHUX OYiHOK 8i03Ha4YeHOo 8rnug opaaHisau,it-
crioxueauie, 30Kkpema, ix naamocrnpoMoOXHicmb, HadiliHicmb ma yMO8U r1oCmasku, a makox eriug
rnocmadarnbHUKI8 (Hasi8HiCmb eKCKITI3UBHUX MPOorno3uyil, acopmumMeHm i skicmb mogapy, ymosu
rpodaxis, HadiliHicmb rocmavasnbHUKa). Ha mpembomy Micyj 3a cmyrnieHem no3umueHoz20 ernusy
Ha OisinbHicmb 8UPOBHUYUX MiGNpUEMcme 3a OUiHKaMu pecrioHOeHmie 3Haxo0umbCsl KOHKYPEHUIS.
bBinbwicme pecrioHdeHmi8 oyiHuIa no3umueHO 8r/iu8 KOHMakmHux ayoumopiti Ha OisiibHICMb 8U-
pObHUYUX nidnpuemems, npome OesiKi hakmopu ompumarsnu 3Ha4Hy Yacmky He2amugHUX OUiHOK,
30KpeMma 8r1u8 CycrifibHUX opeaaHizauil, 0epxxasHUX opaaHie enadu, Micuesux KOHmMakmHux ayou-
mopili ma 3acobig macoegoi iHghopmauii.

AHANN3 BNUAHUA ®AKTOPOB BHELLUHEN MUKPOCPELbI HA OEATENBbHOCTb
NMPOU3BOACTBEHHbIX ®APMALEEBTUYECKUX NPEANMPUATUN

U.B.boHOapeea

Knroyeesie cnosa: meHOeHUUU hapmMauesmuyecKozo pbiHKa, hbakmopbl 8HeUWHeU MUKPOCPeObI;
rpou3so0cmeeHHble hapmauyesmuyeckue npednpusmus; op2aHusayuu-nompebumernu;
KOHKYpEeHMbI; MOCMasuUKU; KOHMaKmHble ayoumopuu.

Ceec00Hs1 8 ycrosusix pacmyujeli HeripedcKa3yemMocmu, HO8U3HbI U CITOXHOCMU 8HeWHel cpedbl Ha-
6r1r00aemcsi ycusneHue ee 8rUsIHUSI Ha Mpouecchl (hyHKUUOHUPOBaHUS Mpou38o00CmMeeHHbIX thapma-
uesmudeckux npednpussmud. [ns obecrieyeHus 8biKUBaHUs!, ycmol4ugoeo (OyHKUUOHUPOB8aHUS U
paszsumus chapmauesmuyecKkux npednpussmud 8 ycrioeusix UBMEeHEeHUU, npoucxo0suux 80 8HEW-
Heli cpede, HeObX0OUMO U3yYamb 8rUsHUE ¢haKmopos8 8HEWHeU MaKpo- U MUKpocpedsl u adanmu-
posambcs K HUM. 1o pesynbmamam ornpoca pykogodumernel pa3Ho20 ypo8Hs nsamHadyamu om-
eyecmeeHHbIX hapMayesmuyecKux npednpusmull yCmaHo8/1EHO, YIMO OCHOBHbLIMU MEHOeHUUSMU
hapmayesmuyecKoeo pbiHka, Komopblie 8r1UsSIoM Ha 0esimesibHOCMb MPoU3800CMBEHHbIX pPednpu-
amud, sensitomcsl; rnosisfieHUe HOB8bIX JIEKaPCMBEHHbIX Mpernapamos, paclupeHue accopmumeHma
moeapos, yeernuyeHue rnpubbinu npednpusmul u cogepweHcmaogaHue pabomsl ¢ nocmasujuxka-
Mu. YcmaHoerieHa cmerneHb 8/1UsIHUSI MOCmMasWuKo8, KOHKYpPeHmMos, opeaHu3ayul-nompebumenel
U KOHMakmHbIx ayoumopuli Ha pabomy rnpou3eodcmeeHHbIX hapmayesmudeckux npednpusmud.
EonbwuHcmeo ghakmopos MUKpocpedbl nonoxXumerbHO erusem Ha desimeribHoCMb rpednpusmud.
Haubonbuwee konudecmeo rnonoxxumerbHbIX OUEHOK uMeem erusiHue op2aHu3ayuli-nompebume-
nel, 8 YacmHocmu, UX famexecrnocobHocmb, Ha0eXHOCMb, YC/108US IOCMasKuU U 8/1UsSIHUE Mo-
CMaswjuKo8 (Hanu4ue 3KCKITH3UBHbLIX NpedrioXXeHul, accopmuMeHm U Ka4ecmeo moeapa, ycriosust
npodax, HadexHocmb rnocmasujuka). Ha mpemsem mecme no cmeneHu rnofoxumernsHO20 erusi-
Husi Ha desimesibHOCMb PoU3800CMBEHHbIX NMpPednpusmudl rno oyeHKkam pecrioHOeHmMo8 Haxodum-
CSs1 KOHKYpeHyus1. bonbwuHcmaeo pecroHOeHmMo8 OUEHUITO MOI0OKUMENbHO 8/TUSTHUE KOHMAaKMHbIX
ayoumopuli Ha 0esimernibHOCMb POU380OCMEEHHbLIX pednpusimuti, 00HaKo HEKOMOopbIe ¢hakmopsb!
Monyqunu 3HayumersibHyto 000 ompuyameribHbIX OUEHOK, 8 YaCcmMHOCMU 6/1UsIHUE 0BUECMBEHHbBIX
opeaHu3ayul, 20cydapCmeeHHbIX 0p2aH08 8rlacmu, MECMHbIX KOHMakmMHbIX ayoumopuli u cpedcms
Maccoeol UHopMayuu.
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Despite the widespread recognition of the importance of opioid analgesics for the treatment of mode-
rate to severe pain in oncology and in the palliative care in many countries the adequate pain relief
and availability of opioids for medical purposes is still a problem. To analyze prescribing and use
of opioids for palliative patients, the data of 43 patients treated by mobile palliative care teams in
Western Ukraine have been collected. The results obtained have been compared with international
guidelines of pain relief and use of opioids in palliative care. It was determined that 60.5% of patients
consumed opioids for 44 days on average; more than half of cancer patients received morphine, usu-
ally at the end of life. Opiods prescribed for pain relief were: tramadol — to 48.8% patients, morphine or
omnopon — to 39.5%; nalbuphine — to 9.3%,; promedol — to 7.3%. Only one third of the patients admin-
istered opioids orally. Morphine drugs were received by 54.8% of cancer patients, an average daily
consumption of morphine was 26.17 mg and the average duration of administration 9.82 days. Most
patients received morphine and omnopon 2 or 3 times a day. Prescriptions of morphine started with a
single injection of 10 mg of injection morphine (or 11.5 mg in the case of omnopon injection). A limited
range of opioids and peculiarities of providing these medicines to patients in Ukraine restricted the
application of pain relief in accordance with international guidelines: prescribing oral forms of opioids

at first; introduction of opioids at fixed intervals of time; titrating the dose.

An integral component of palliative care (PC) is the
pharmacotherapy of pain [4, 10]. According to research
80% of cancer patients and 50% of AIDS patients at the
last stages of life suffer from severe pain [10]. Severe pain
is also common in patients with cardiovascular diseases,
chronic obstructive pulmonary and renal diseases [9].

Opioid analgesics (OA), particularly morphine, are
the basis of pharmacotherapy of pain in treating progres-
sive incurable diseases [5, 8]. Despite the widespread
recognition of importance of opioids for the treatment
of moderate to severe pain in cancer patients and in PC,
in many countries the adequate pain relief and opioid
availability for medical purposes is still a challenge [7].
Several studies indicate the inadequate pain relief of
palliative patients in Ukraine [2, 3, 10].

Materials and Methods

To analyze prescribing and use of opioids for pallia-
tive patients, the data of 43 patients treated by mobile
palliative care teams in Western Ukraine in 2011-2012
were studied (the information was collected as a part of
the study of evaluation of the costs of palliative care mo-
bile teams supported by IF “Renaissance’). Drug consump-
tion data were obtained from the patients’ cards and data
logging systems of mobile teams. The results obtained
were compared with the international guidelines of pain
relief and use of opioids in palliative care [5, 6, §].

Results and Discussion

In the study group the number of men and women
was almost the same — 51% and 49%, respectively. The
average age of patients was 65.4 years old. The average
number of days of care was 70.7 days; 72% (31) pa-
tients had cancer. The part of the patients who received

opioids was 60.5% (26). Among them 25 patients with
cancer, and one patient with acute cerebrovascular acci-
dent. The average period of caring was 44 days. The ave-
rage period of receiving opioids was 20.69 days, which
was almost half (47%) of the average caring period of
mobile teams. Opiods prescribed for pain relief were:
tramadol — to 48.8% patients, morphine or omnopon —
to 39.5%; nalbuphine — to 9.3%; promedol — to 7.3%.
Only one third of the patients (9) administered opi-
oids orally — tramadol in capsules. All other patients re-
ceived injections. According to the international recom-
mendations of pain relief, oral forms must be the first
line of therapy, and only if impossible, then injections

Table 1
Schemes of opioids prescribing
Medicine The nu.mber
of patients

Tramadol 6
Nalbuphine 1
Tramadol — morphine or omnopon 12
Tramadol — promedol — morphine or

1
omnopon

Nalbuphine — tramadol — morphine
Nalbuphine — nalbuphine +tramadol
Nalbuphine + tramadol
Morphine or omnopon
Promedol — morphine

N ===

«—» — withdrawal of the previous opioids and administration
of another one; «+» — use of several opioids per day.
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Table 2
Consumption indicators of Opioids
Indicator Mean Star)dgrd Median Interval
deviation

The number of days of care 44.0 324 41 12-131
The number of days of opioids intake 20.69 15.67 17 5-69
The number of days of morphine use (morphine, omnopon) 9.82 5.64 8 2-23
The number of days of tramadol intake 15.05 16.43 9.5 3-72
Daily consumption of morphine per capita 26.17 5.86 23 20-40

should be given [5, 8]. A widespread use of injectable
opioids for pain relief in Ukraine is caused by the lim-
ited range of drugs in Ukraine, such as a long term ab-
sence of oral morphine, as well as by no practice of using
such drugs as codeine in tablets, buprenorphine sublin-
gual tablets, transdermal patches for pain relief[1, 2, 10].

When analyzing the use of opioids several schemes
of prescriptions were distinguished (Tab. 1). According
to the international recommendations drugs for cancer
pain management should be prescribed in steps depend-
ing on the degree of pain — from weak to strong opioids.
Analysis of prescriptions of opioids to palliative pati-
ents has shown that tramadol — 21 patients was the most
frequently prescribed. Fourteen of these patients were
transferred from the second to the third step of the pain
relief ladder (started to received morphine or omnopon
or promedol). Three patients were immediately included
in the third step of the pain relief ladder, and strong opi-
oids (morphine, omnopon, promedol) were prescribed
to them. Four patients received injections of nalbufine
within 6-40 days.

It is worth noting that nalbufin is not currently re-
commended by international organizations for pain re-
lief in palliative care. Its widespread use in the treat-
ment of chronic pain can be explained by the fact that
this drug is not included in the list of narcotic drugs,
psychotropic substances and precursors, and therefore,
it is not under measures of specific control.

According to research in palliative care 80% of can-
cer patients at the later stages require 75 mg of oral mor-
phine (which is equivalent to 25 mg of the injection one) for
90 days. In our study 17 patients received morphine (mor-
phine hydrochloride or omnopon), representing 54.8%
of all patients diagnosed with cancer. The average dura-
tion of morphine treatment was 9.82 days (or 18.05 days if
we assume that two patients receiving morphine drugs
from the first day of caring by the mobile team received
them earlier and the total duration was 90 days). The
average daily consumption of morphine was 26.17 mg
per capita. The maximum daily dose of morphine was
40 mg per day (Tab. 2).

According to the international guidelines one of the
principles of effective pain relief is intake of opioids “by
the clock™, i.e. at fixed intervals of time. The next dose
should be taken until the full effect of the previous dose
disappears. Thus, the morphine drugs should be admin-
istered to the patient every four hours. Typically, pa-
tients received morphine and omnopon 2 or 3 times a
day. Only one patient received an injection of morphine
4 times a day. Intake of opioids at fixed interval of time
to palliative patients is limited due to the fact that pa-
tients received by own and / or with the help of relatives
only oral tramadol, nalbufine injection and in one case
tramadol injection. In all other cases, the injections of
opioids were given by the medical personnel of ambu-
lances or nurses from the polyclinic, and thus visiting
all patients by medical staff several times a day is im-
possible in the context of efficiency and costs.

The absence of morphine in tablets in 2011-2012 led
to a situation when all prescriptions of this drug to patients
started with 10 mg of injectable morphine (or 11.5 mg
in the case of omnopon injection), being equivalent to
20-30 mg of oral morphine. According to the interna-
tional recommendations the starting dose of morphine
should be 5 mg of immediate release morphine per os
every four hours (20-30 mg per day) with the following
titration of the dose till the symptoms relief [6, 8].

CONCLUSIONS

1. The rational prescribing of opioid analgesics is
a key principle of pain relief in palliative care. Thus,
60.5% of patients caring by the mobile palliative care
teams received opioids. More than half of cancer pa-
tients received morphine, usually at the end of life.

2. Opiods were prescribed by the three-stage scheme
of pain relief recommended by the WHO. Thus, the ba-
sis of prescriptions was solutions for injection. But it is
incompliant with the international guidelines concern-
ing the use of oral opioids as the first line treatment.

3. A limited range of opioids and peculiarities of
providing these medicines to patients in Ukraine re-
stricted the application of pain relief in accordance with
international guidelines.
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OCOBJIUBOCTI MPU3HAYEHHA TA CNOXUBAHHSA OMIOIOAHUX AHANTETUKIB Y BUI3HUX
BPUrAQAX NATIIATUBHOI JOMNOMOIU

H.O.faurok, [.C.Bonox, H.B.LLlonotko

Krnrouoei crioea: naniamusHa 0oromoaa; orioioHi aHarnzemuku; euidHi bpueadu naniamusHoi doromoau
Heseaxxaro4u Ha WUpPOKe BU3HAHHS 8axXrueocmi orioiOHuUXx aHarbeemukie (OA) Orist niKky8aHHS MOMIPHO20
ma curnbHo20 60710 8 OHKOIORIH Ma rpu HadaHHI naniamugHoi doromoau, y baeambox KpaiHax adekeam-
He 3HeboneaHHs ma docmyrHicme orioidie 01 MeduyHUX yinel 8ce wie 3anuuiaemscsi npobremoro. 3
Memoro aHani3y rnpu3HadYeHHs1 ma crioxueaHHs orioidie naniamusHUMU rnayieHmamu 6yrnu 3ibpaHi OaHi
y 43 nauieHmig sui3HUX naniamueHux bpuead, wWo yHKUioHytomb y 3axiOHit YkpaiHi. OmpumaHi pe-
3yribmamu 8UB4EHO Y MOPIBHSIHHI 3 MiXKHapOOHUMU pekomeHOauisiMu w000 3HeboseaHHs ma 3acmo-
cysaHHs onioidie npu HadaHHI naniamueHoi doriomoeu. BusHaveHo, wio 60,5% nauieHmie crioxueasnu
OA 8 cepedHbomy npomsizom 44 OHie; npenapamu MopghiHy ompumysasiu birnblwe rnono8uHU OHKOJIO-
2iYHUX nauieHmis, sk npasurio, HanpukiHui xumms. s sHebonoeaHHs rpu3dHadanucsi HacmynHi J13:
mpamadorn — 48,8% nauicHmam, mopghiH abo omHornoH —39,5%,; HanbyiH — 9,3%; npomedon — 7,3%.
Jluwe mpemuHa nauieHmie ompumysana OA nepoparnbHo. [Npenapamu mopgiHy ompumysanu 54,8%
rayjieHmie 3 diaeHO30M pak, npu UboMy cepedHe 00boese crioxxusaHHsI MOPQIHY crmaHosursio — 26,17 me,
a cepedHs1 mpusariicms riputiomy — 9,82 OHi. binbwicme nauyieHmie ompumysarna MopghiH ma OMHOMOH
2 abo 3 pasu Ha OeHb. lNpusHadyeHHs npenapamie MOpPhiHy PO3rNoYUHaIU 3 0OHOPa308020 BEEOEHHSI
10 me iH’ekuitiHo2o mopcbiHy (abo 11,5 M2 y sunadky iH'ekuii omHornoHy). ObmexeHut acopmumeHm OA
ma ocobrueocmi npu3Ha4YeHHs Yux rikapcbKux 3acobig 8 YkpaiHi eanbmysanu HadaHHS 3HeOONeHHs
naniamusHUM X80pUM 32i0HO 3 MiXKHapOOHUMU peKoMeHOauisaMu, a came: MpuU3Ha4YeHHs rnepopanibHUX
gpopm OA, seedeHHs npernapamis Yepe3 pieHi MPOMIKKU Hacy, mumpysaHHsi 003u.

OCOBEHHOCTU HA3SHAYEHUA U NOTPEBJIEHUA ONMONAOHBIX AHAJIBIETUKOB

B MOBUJIbHbLIX BPUTAOAX MAJJIMATUBHOU NOMOLLU

H.A.faurok, [.C.Bonox, H.B.LlLlonoliko

Knroueenie cnoea: nannuamusHasi moMoWwb; ONMUOUOHbIE aHallbeemuku; MobusibHbie bpuaadkl
nannuamueHoU MoMouwu

Hecmompsi Ha wupokoe rnpusHaHue 8axxHocmu onuoudHbIx aHanbeemukos (OA) Onsi nedyeHusi yme-
peHHOU u cunbHoU 605U 8 OHKOMI02UU U Mpu rpedocmasrieHuU nanauamusHoOU rnoMowu, 80 MHO2UX
cmpaHax adekgamHoe obesbonugaHue U 0ocmyrnHOcme ornuoudos 0511 MeQUUUHCKUX uesel ece
ewe ocmaromcs ripobniemol. C uernbro aHanu3a HasHa4eHust u nompebreHusi onuoudos nannuamus-
HbIMU nayueHmamu 6binu cobpaHbl 0aHHble 43 nayueHmos 8ble30HbIX nanauamugHbix bpuaad,
pyHKUUOHUpYrouwux 8 3anadHol YkpauHe. lNonydeHHble pe3yrnibmamabil U3yYeHbl 8 CPaBHEHUU C MEX-
OyHapOoOHbIMU peKoMeHdayusamMu no obe3bosiugaHuro U nNpUMeHeHUro ornuoudos 8 nasnnuamusHou
rnomouwu. OnpedeneHo, Yymo 60,5% nayueHmoes npuHumanu OA e cpedHeMm 8 medeHue 44 dHel; rpe-
rnapamsbl MopghuHa nory4danu 6oree Moso8UHbl OHKOIO2UYECKUX MauUeHmMOo8, Kak rpaeusio, 8 KOH-
ue XusHu. [ns obesbonusaHusi HazHadyanuch criedyrouue iekapcmeeHHble cpedcmea: mpamador
— 48,8% nayueHmam, MopuH unu omMHornoH —39,5%; HanbycuH — 9,3%; npomedon — 7,3%. Jluwb
mpems nayueHmos nony4vana OA nepoparneHo. lNpenapamei MopchuHa nonydanu 54,8% nayueH-
moe ¢ QuazHO30M pak, fpu 3mom cpedHee cymoyHoe rnompebrieHue MopghuHa cocmasuro — 26,17 me,
a cpedHss1 NpodomkumernsHocms rpuema — 9,82 OHsA. bonbwuHCcMBo nayueHmos nosy4ano Mop-
¢uH u oMHoMoH 2 unu 3 pasa 8 0eHb. HasHadyeHue npernapamos MopghuHa Ha4uHau ¢ 00HOKpam-
Ho2o seedeHusi 10 M2 UHBEKUUOHHO20 MopguHa (unu 11,5 Me 8 cry4ae UHbEeKUUU OMHOINOHA).
OepaHuydeHrHblil accopmumeHm OA u 0cobeHHOCMU Ha3Ha4YeHUs1 Imux fieKkapcmeeHHbIX cpedcms 8
YkpauHe oepaHu4usanu rpedocmaesneHue obesbonugaHus nannuamueHbiM 6051bHbIM 8 coomeem-
cmeuu ¢ Mex0yHapoOHbIMU peKkoMeHOauusIMu, a UMEeHHO: HasHadeHue repoparsibHbix coopm OA, eee-
O0eHus ripenapamos Yepes3 pasHbie MPOMEXYMKU 8pEMEHU; mumposaHue 003bl.
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COMPARISON OF THE ACTION OF ASSOCIATED ANTIGENS

AND ASSOCIATED INACTIVATED CELLS OF C. ALBICANS
AND C. TROPICALIS FUNGI
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Many researchers believe that the use of drugs that can stimulate protective immune responses against
candidal infections, i.e. immunobiological drugs stimulating the protective function, is promising in the
fight against candidiasis. The aim of this work was to compare protective and therapeutic properties
of the associated antigens and the associated inactivated cells of C. albicans and C. tropicalis fungi.
The protective and therapeutic effects of the associated inactivated suspension of C. albicans and C.
tropicalis fungi with the concentration of 10 + 10 (min.c/ml) and the associated antigens of C. albicans
fungi with the protein concentration of 3 mg/ml, and C. tropicalis with the protein concentration of 5 mg/ml
in the ratio of 1:1 were compared. The research was carried out in healthy two month white mice
weighing 18-22 g, there were six animals in the control and experimental groups each. As the result
of the studies, it has been found that the use of the combined antigens of C. albicans and C. tropicalis
provides 100% protective and therapeutic effects in mice. The inactivated suspension of C. albicans
and C. tropicalis fungi provides 84% protective and therapeutic effect in mice for 3 months after
intramuscular injection of 0.2 ml. In 16% of animals treated with the inactivated suspension of fungi
the signs of a mild disease have been revealed. In future it is planned to substantiate experimentally
the type and concentration of excipients such as preservatives, stabilizers and adjuvants in the
composition of the solution of the associated antigens of C. albicans and C. tropicalis fungal cells.
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In recent years, the number of patients with can-
didiasis has increased dramatically; it is associated with
the irrational use of antibiotics, hormones, steroids, as
well as environment deterioration, increased pathoge-
nicity of Candida genus fungi and development of as-
sociated diseases [8]. Candidiasis is manifested in dif-
ferent forms, systemic and visceral candidiasis is the
most dangerous [1]. They are characterized by a long
course of disease, have a variety of clinical manifesta-
tions and frequent relapses. These forms of candidiasis
are difficult to treat with modern medicines, including
antifungal antibiotics [1, 8].

When treating candidiasis it is necessary to determine
the type of a pathogen and its susceptibility to antifun-
gal drugs. After determining the type of Candida fungus
it is necessary to determine the antibiotic, to which this
pathogen is sensitive, and adjust the dose and duration
of therapy [8].

However, in the modern practice of doctors in this
country identification of species of Candida fungus that
is the causative agent of the disease is rare. Candidiasis
caused by Candida genus fungi without specifying the
type is diagnosed most often. It should be also noted
that even if you want to identify the species of Candida
fungus, it is not always possible to do due to the limi-

ted reagents, equipment and experience of laboratory
workers. In this situation, doctors prescribe the antifun-
gal therapy according to the standard scheme using am-
photericin B or fluconazole most often despite the fact
that causative agents of this disease are not sensitive to
these drugs. Besides, the long-term use of the same an-
tifungal drugs has led to the loss of sensitivity to many
species of Candida fungi or their individual epitopes [1, 8].

Many researchers believe that the use of drugs that
can stimulate protective immune responses against can-
didal infections, i.e. immunobiological drugs stimulat-
ing the protective function, is promising in the fight
against candidiasis [3-7], and they are an alternative of
antifungal drugs. It should be noted that today there are
several classifications of vaccines based on the method
of preparation and the components [2]. However, there
is no consensus among researchers — which of the vac-
cines is the most promising. It should be noted that a
promising direction in the modern development of im-
munological agents that stimulate the body’s defense
mechanisms is creation of associated drugs against seve-
ral pathogens simultaneously [9-11]. Therefore, it has
been decided to compare the protective and therapeutic
properties of the associated antigens and the associated
inactivated cells of C. albicans and C. tropicalis fungi,
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which are major pathogens of candidiasis. Inactivated
vaccines play an important role in preventing various in-
fections. To produce them the required microorganisms —
causative agents are used. A microorganism is subjected
to such treatment, which leads to the loss of the required
capacity for reproduction (replication), but retains the
antigenic and immunogenic properties. Antigens of cells
are obtained by cell disruption followed by ultrafiltra-
tion; these drugs are called subunit [8].

The aim of this work was to compare protective and
therapeutic properties of the associated antigens and the
associated inactivated cells of C. albicans and C. tropi-
calis fungi.

Materials and Methods

To assess the ability to prevent candidiasis in mice
with the combined inactivated suspension of C. albicans
and C. tropicalis fungi with the concentration of 10 +
10 (mln.c/ml) and the associated antigens of C. albi-
cans fungi with the protein concentration of 3 mg/ml and
C. tropicalis with the protein concentration of 5 mg/ml
in the ratio of 1:1 the research was carried out in healthy
two month white mice weighing 18-22 g. There were
six animals in the control and experimental groups each;
they were kept in the same conditions on a standard diet.
Before the research the animals acclimatized themsel-
ves under experimental room conditions. The combined
inactivated cells of C. albicans and C. tropicalis fungi
in the volume of 0.2 ml were injected intramuscularly to
the mice of one experimental group in the upper part of
the rear right paw, and the combined antigens of C. al-
bicans and C. tropicalis fungi in the volume of 0.2 ml
were injected intramuscularly to the mice of the second
experimental group in the upper part of the rear right paw.
In 14 days the combined inactivated cells of C. albicans
and C. tropicalis fungi in the volume of 0.2 ml were
injected again in the upper part of the left rear paw of
the first group, and the second group was injected in the
upper part of the left rear paw with the combined anti-
gens of C. albicans and C. tropicalis fungi in the volu-
me of 0.2 ml. The animals of the control group were
injected with the sterile 0.9% isotonic saline solution.
The experimental animals of one group were infected
intraperitoneally in a month after immunization, and in
3 months the second group was infected. For this pur-
pose 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 mln. of cells in the volume of 1 ml was used; the
strains were introduced with an interval of 1 hour. After
that in 14 days the animals were examined and the re-
sults were determined.

The therapeutic effect of the combined inactivated
suspension of C. albicans and C. tropicalis fungi with
the concentration of 10 + 10 (mIn.c./ml) and the associ-
ated antigens C. albicans fungi with the protein con-
centration of 3 mg/ml and C. tropicalis fungi with the
protein concentration of 5 mg/ml in the ratio of 1:1 was
investigated in healthy two month white mice weighing
18-22 g; six animals in the control and experimental
groups each; they were kept in the same conditions on

a standard diet. Before the research the animals accli-
matized themselves under experimental room conditions.
The animals were infected intraperitoneally with the su-
spension of Candida albicans fungi of CCM 335-867
strain in the amount of 20 min. of cells and Candida
tropicalis of ATTC 20336 strain in the amount of 60 mlIn.
of cells in the volume of 1 ml. In 5 days the combined
inactivated cells of C. albicans and C. tropicalis fungi
in the volume of 0.2 ml were injected intramuscularly
to the mice of one experimental group in the upper part
of the rear right paw, and the combined antigens of C.
albicans and C. tropicalis fungi in the volume of 0.2 ml
were injected intramuscularly to the mice of the second
experimental group in the upper part of the rear right paw.
In 14 days the combined inactivated cells of C. albicans
and C. tropicalis fungi in the volume of 0.2 ml were in-
jected again in the upper part of the left rear paw of the
first group, and the second group was injected in the up-
per part of the left rear paw with the combined antigens
of C. albicans and C. tropicalis fungi in the volume of
0.2 ml. The animals of the control group were injected
with the sterile isotonic saline solution.

Results and Discussion

As a result of the research conducted concerning pre-
vention of candidal infections it has been found that the
use of the combined antigens of C. albicans with the pro-
tein concentration of 3 mg/ml and C. tropicalis with the
protein concentration of 5 mg/ml in the ratio of 1:1 pro-
vides a protective effect in 100% of mice for 3 months
when introduced intramuscularly in the volume of 0.2 ml.

While the associated inactivated suspension of C. al-
bicans and C. tropicalis fungi in the ratio of 10+ 10 (mil.c/ml)
provides a protective effect in 84% of mice for 3 months
when introduced intramuscularly in the volume of 0.2 ml,
16% of the animals have shown the signs of a mild form
of the disease (+) — unkempt appearance, refusal to eat,
the body weight loss, dysfunctions of the excretory or-
gans (Tab. 1).

Table 1

Comparison of the protective action of the associated
antigens and the associated inactivated cells
of C. albicans and C. tropicalis fungi

- Test animals
Medicine 1 | 5 | 3 | 4 | - | 5
Results in 1 month
1 - — - - _ -
2 - - + - - _
Control ++ | A+ | | A | |
Results in 3 month
1 - - - - - -
2 - - - + - -
Control ++ | A+ | A | A | A |

Note: a) 1 - combined antigens of C. albicans and C. tropicalis
fungi; 2 - combined inactivated cells of C. albicans and

C. tropicalis fungi; b) “~" absence of the disease, “+" - a mild form
of the disease, “++" — a moderate form of the disease,

“+++" - an advanced form of the disease.
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Table 2

Comparison of therapeutic effects of the associated antigens and the associated inactivated cells
of C. albicans and C. Tropicalis fungi

Medicine
2 Control
Animals Result
after infection afte'r t.he §econd after infection afte.r t.he §econd after infection afte.r t'he §econd
injection injection injection
1 ++ - + - + ++
2 + - ++ - ++ +++
3 ++ - ++ - + ++
4 + - ++ + ++ +++
5 ++ - + - + +++
6 ++ - ++ - ++ +++

Note: a) 1 - combined antigens of C. albicans and C. tropicalis fungi; 2 - combined inactivated cells of C. albicans and C. tropicalis fungi;
b) “-" absence of the disease, “+"— a mild form of the disease, “++" - a moderate form of the disease, “+++" - an advanced form of the

disease.

According to the research of the therapeutic action it
has been determined that the associated antigens of C. al-
bicans fungi with the protein concentration of 3 mg/ml
and C. tropicalis with the protein concentration of 5 mg/ml
in the ratio of 1:1 provide a therapeutic effect in 100%
of animals when introduced intramuscularly in the volu-
me of 0.2 ml.

According to the research results it has been found that
the associated inactivated suspension of C. albicans and
C. tropicalis fungi provides the therapeutic effect in 84% of
animals when introduced intramuscularly in the volume
of 0.2 ml and the concentration of 10 + 10 (mln.c/ml).
In 16% of the animals there were the signs of a mild
form of the disease (+) — unkempt appearance, refusal
to eat, the body weight loss, dysfunctions of the excre-
tory organs (Tab. 2).

The animals of the control groups showed the signs
of a moderate form of the disease (++) — adynamia, un-
kempt appearance, refusal to eat, the body weight loss,
contractures of the neck muscles, the lateral location
of the body, dysfunctions of the excretory organs, dur-
ing autopsy when examining the mucous membranes of
natural orifices there were signs of pathological process-
es, plating of fungi with faeces; and 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, during autopsy when examining the mu-
cous 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., as well as isolation of retrocultures of fungi
from the animals’ organs were revealed.

CONCLUSIONS

1. It has been determined that the associated an-
tigens of C. albicans and C. tropicalis fungi compared
to the associated inactivated cells of C. albicans and
C. tropicalis fungi provide the best results both in
preventing and in treating Candida infections within
3 months.

2. It has been found that the associated antigens of
C. albicans and C. tropicalis provide 100% protective
and therapeutic effects in the experimental animals.

3. It has been determined that 3 months is the term of
the protective action for the associated antigens of C. al-
bicans fungi with the protein concentration of 3 mg/ml
and C. tropicalis with the protein concentration of 5 mg/ml
in the ratio of 1:1.

4. In future it is planned to substantiate experimen-
tally the type and concentration of excipients such as
preservatives, stabilizers and adjuvants in the composi-
tion of the solution of the associated antigens of C. al-
bicans and C. tropicalis fungal cells.
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NOPIBHAHHA AIi ACOLIMOBAHUX AHTUTEHIB TA ACOLIIMOBAHUX IHAKTUBOBAHUX
KNITUH rPUBIB C. ALBICANS TA C. TROPICALIS

M.B.Pub6arnkiH, H.l. ®inimoHoea, J1.C.CmpesibHUKO8

Knroyoei croea: kaHOUOaMiKo3, aHmMuU2eH; 8akyuHa, iMyHimem; mepariisi

Bacamo docrnidHuUKi8 88axae, WO 8UKOPUCMaHHS rpernapamis, siki 30amHi cmuMynoeamu 3axucHi
IMyHHI peakujii npomu kaHOUOO3HOI iHGheKUi, mobmo imMyHObiono2iuHI npenapamu, sKi CmuMysioMmb
rnpomekmueHi ¢byHKUil, € nepcrnekmusHUM HarnpsMkom y 6opomsbi 3 kaHOudozom. Memoro daHoi
pobomu 6yrio ropieHAHHS MPOEKMUBHUX | meparnesmuy4yHUX ernacmusocmeul acoyiliogaHUx aHmu-
2eHie ma acouitiogaHux iHakmueosaHux KnimuH 2pubie C. albicans ma C. tropicalis. NopieHtosarnuck
npomekmueHi ma mepanesmuyHi 0ii moedHaHoI iHakmueogaHoi cycrneH3sii epubie C. albicans ma
C. tropicalis 3 koHyeHmpauiero 10 + 10 (MnH kn./Mi1) ma noedHaHUX aHmuzeHig epubie C. albicans 3
KoHUeHmpaujiero binka 3 me/mn ma C. tropicalis 3 koHyeHmpauieto birnika 5 ma/Mn y crig8iOHOWEHHI
1:1. HocnidxeHHs1 npogodusnu Ha 30oposux binux muwax 080Mics4HO20 8iKy macor 18-22 2 no 6
0COBUH y KOHMPOrbHUX | Q0CiOHUX epynax. Y pe3ynbmami nposedeHux docnidxeHb 8CMaHOBEHO,
wo 3acmocyeaHHs noedHaHux aHmueeHrig C. albicans ma C. tropicalis 3abe3nedyye npomekmugHul
ma mepanesmuyHuli echekm y 100% muwed, a iHakmueosaHa cycneHsis epubie C. albicans ma
C. tropicalis 3abesneqyye npomekmusHUlU ma mepanesmuydHuli eqpekm y 84% muwel npomsicom 3
micsyie npu 8HympiwHboM’si3080My 88edeHHi o 0,2 M. Y 16% meapuH, skum 8800usuU iHaKmueo-
gaHy cycrieHsito epubie, susiensanuUCb 03HaKu criabkoi hopmu 3axeoprogaHHs. Y nodanbuiomMy riaHy-
embcs y cknadi o0epxxaHo20 po34UHY acouiliogaHux aHmueeHis kiimuH epubie C. albicans ma C. tro-
picalis ekcriepumeHmarnbHO 06rpyHmysamu mur i KOHUeHmpauito OONOMIKHUX PEYOBUH, MaKuX siK
KOHcepsaHmu, cmabinizamopu ma ad’roeaHmul.

CPABHEHMWE OEACTBUA ACCOLIMMPOBAHHBLIX AHTUFEHOB U ACCOLIMMPOBAHHbIX
MHAKTUBUPOBAHHbBIX KINNETOK T/PUBOB C. ALBICANS U C. TROPICALIS

H.B.Pbi6ankuH, H.U.®dunumoHoea, J1.C.CmpesnbHUKo8

Knrodesnble criosa: kaHOUGaMUKO3;, aHMU2eH, 8aKyuHa, UMMyHUmMem; mepariusi

MHoeue uccnedosameriu cHumarom, 4mo UcCrosib308aHUE rpenapamos, Komopbklie criocobHbI cmumy-
Jluposamp 3aWUmHbIe UMMYHHbIE peakyuu rnpomue KaHOUudo3HOU UHgeKyuu, m. e. UMMyHObuoro-
auyecKue rpernapameal, KOmopbie CMUMYJIUPYHOmM MPOMEeKMUSHbIE (hyHKUUU, S8IISIemcs NepcreKmueHbIM
HanpaesneHuem 8 bopbbe ¢ kaHOudo30M. Llenbio OaHHOU pabombi 6bifi0 cpasHeEHUEe NMPOEKMUBHbIX U
mepanesmuyecKkux ceolicme accoyuupo8aHHbIX aHMU2EH08 U accoyUUpO8aHHbIX UHaKMU8UPO8aH-
Hbix Kriemok epubos C. albicans u C. tropicalis. CpasHuganuce MpomeKkmugHoe U mepanesmuyeckoe
delicmeue accoyuuposaHHOU UHakmueupogaHHoU cycneH3uu epubos C. albicans u C. tropicalis ¢
KoHueHmpauyued 10 + 10 (MnH K1./MJiT) U accoyuuposaHHbIx aHmuzaeHos epuboes C. albicans ¢ KOH-
ueHmpauuel 6enka 3 ma/mn u C. tropicalis ¢ koHueHmpauyuel 6ernka 5 ma/mn 8 coomHoweHuu 1:1.
UccnedosaHusi nposodusiu Ha 300po8bix berbix Mbilax d8yxmecss4HO20 8ospacma maccol 18-22 2
1o 6 XUBOMHbIX 8 KOHMPOJIbHbIX U OMbIMHbIX 2pyrnax. B pesynsmame nposedeHHbIx uccriedosaHuli
ycmaHoerneHo, 4mo npumMeHeHue obbeduHeHHbIX aHmuzeHos C. albicans u C. tropicalis obecrie-
yusaem rnpomeKkmusHbIl u meparnesmu4yeckul agpgpekm 8 100% mbiwel, a uHakmueupoeaHHasi
cycneH3us epuboes C. albicans u C. tropicalis obecriequgaem npomeKkmueHbIlU U meparnesmuyecKkul
agpgpekm y 84% mbiweli 8 meyeHue 3 Mecsues npu 8HympumMbiwe4HoM eeedeHuu o 0,2 M. B 16%
crlyyaes y XUB0MHbIX, KOmopbIM 8800USIU UHAKMUBUPOBaHHYH CycrieH3ur 2pubos, nposensuch
rnpusHaku crabol ¢hopmbl 3abonesaHusi. B danbHelweM rnaHupyemcsi 8 cocmase rnosy4eHHo20
pacmeopa accoyuuposaHHbIX aHmuezeHos8 Knemok gpuboes C. albicans u C. tropicalis akcriepumeH-
marsbHO 060CHO8amMb MUI U KOHUEHMpPaUUr 8CrIoMo2amesibHbIX 8eU,eCM8, MaKUX Kak KOHCepeaH-
mbl, cmabunu3amopsl U adbo8aHMbI.
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INVESTIGATION OF THE ROLE OF I,- AND L-IMIDAZOLINE
RECEPTORS IN THE MECHANISM OF THE HYPOGLYCEMIC
ACTION OF N,N’-(ETHANE-1,2-DYYIL)BIS(QUINOLINE-
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Key words: N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide); hypoglycemic effect,; imidazoline
receptors, diabetes mellitus, 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride (BU 224), efaroxan;

alloxan

The results of the investigation of the hypoglycemic action mechanism of N,N’-(ethane-1,2-dyyil)bis
(quinoline-2-carboxamide) are presented. The substance was administered intragastrically in the
dose of 11.64 mg/kg on the model of alloxan-induced diabetes mellitus in rats. It should be noted
that the test compound in terms of the theory of pharmacophore can be considered as a dimer
BU 224, but it is not its dimer in terms of organic chemistry. The information about the influence of
the test compound on carbohydrate metabolism is limited. There are data that this compound has
antitumor properties in vitro due to enhanced apoptosis and activation of caspase-3. Proceeding from
the chemical structure, the 2-substituted quinoline fragment is present in the structure of the known
antagonist of imidazoline receptors 1, such as 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride, so
it can be assumed that N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide) has the ability to interfere
with the mechanisms of the carbohydrate metabolism regulation. These results indicate that N,N’-(etha-
ne-1,2-dyyil)bis(quinolin-2-carboxamide) has an expressed hypoglycemic effect in alloxan-induced
diabetes mellitus reducing the blood glucose level by 71.50%. It is an agonist of imidazoline receptors
of both types, and it has been proven by blockade with selective antagonists such as efaroxan and
2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride. On the background of |,-imidazoline receptors
blocker efaroxan the glycemia decrease was 45.66% (p<0.05), and on the background of I12-imidazoline

receptors blocker 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride it was 54.01% (p<0.05).

Diabetes mellitus (DM) type 2 is a chronic disease
caused by decrease in sensitivity of the human tissues
to insulin [1, 14]. The frequency of diabetes on average
ranges from 1.5% to 3%; it is constantly increasing in
the developed countries up to 5-7%, in Ukraine the value
is twice lower — about 2.9%. There are about 200 mil-
lion of diabetics in the world; almost 90% of them suf-
fer from type 2 diabetes [5, 15].

The urgency of DM problem is caused by a signifi-
cant prevalence of the disease, severity of complications,
disability and early mortality. Microangiopathies and
neuropathies are the basis of diabetic complications. The
patients with diabetes have a significant risk of athero-
sclerosis and coronary heart disease. More than 40% of
amputations of lower limbs are a consequence of the
diabetic foot syndrome. Diabetes is also the most com-
mon cause of blindness in humans [12, 17]. All men-
tioned above stipulates the necessity of development
and research of new effective drugs with the hypogly-
cemic effect allowing to prevent development of the
severe course of DM.

The mechanism of action of different antidiabetic
drugs consists of a several links. There are data on the
role of imidazoline receptors in implementation of the

hypoglycemic effect, in particular for biguanides de-
rivatives such as metformin [7].

Imidazoline receptors are the independent type of
receptors represented by two subtypes: 1, and 1,. Sub-
types are distinguished according to the specific ligands
that bind with them. Imidazoline receptors mediate the
following effects: increase of glucose-dependent insulin
release and transport of glucose into the cells and, as a
result, decrease of hyperglycemia, improvement of the
energy supply of tissues by increasing aerobic oxida-
tion of glucose and increase of glycogen synthesis, re-
duction of lactate production, increase of sensitivity of
brain tissues to glucose, intensification of lipolysis, in-
crease of sensitivity to blood pressure decreasing, as well
as to hypoxia/hypercapnia of carotic glomeruli [10, 11].

Our attention has been attracted by a new compound
that has a hypoglycemic effect on the model of alloxan
diabetes in different routes of administration [13]. The
research of the possible role of I;- and I,-imidazoline re-
ceptors in the mechanism of the action of N,N’-(etha-
ne-1,2-dyyil)bis(quinoline-2-carboxamide), which can act
as a ligand to I,-imidazoline receptors and contains two
relevant pharmacophore fragments (Fig. 1), is of spe-
cial interest.
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Fig. 1. N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide) with the pharmacophore

Fig. 2. 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride
(BU 224) with the pharmacophore fragments
selected — ligands of |,-imidazoline receptors.

But the 2-substituted quinoline fragment is present
in the structure of the known antagonist of I,-imidazo-
line receptors such as 2-(4,5-dihydroimidazol-2-yl)qui-
noline hydrochloride (BU 224) [16]. It should be noted
that N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxami-
de) in terms of the theory of pharmacophore can be
considered as a dimer BU 224, but it is not its dimer in
terms of organic chemistry (Fig. 2).

According to the chemical structure, it can be as-
sumed that N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carb-
oxamide) has the ability to interfere with the mecha-
nisms of the carbohydrate metabolism regulation. There
are data that this compound has antitumor properties in
vitro due to enhanced apoptosis and activation of cas-
pase-3 [9].

The aim of this work is to study the possible role of
imidazoline receptors in the mechanism of the hypogly-

fragments selected — ligands of |,-imidazoline receptors.

cemic action of N,N’-(ethane-1,2-dyyil)bis(quinoline-
2-carboxamide).

Materials and Methods

The study was conducted in white outbread mature
male rats with the body mass of 0.20+0.02 kg. DM was
modeled by subcutaneous injection of alloxan monohy-
drate solution (Sigma, USA) in a single dose of 150 mg/
kg as 5% solution in acetate buffer, pH 4.5 [8]. Just this
model is recommended as a basic one in pre-clinical
studies of potential antidiabetic drugs [3]. The animals
previously were fasted for 24 h, but had free access to
water. In 10 days the rats with the basal glucose level
higher than 11 mmol/l were selected [3, 4]. Glucose
was determined in the blood samples taken from the
vessels of tip of the tail by the glucose oxidase method
using diagnostic kits (“Filicit”, Ukraine).

The receptor mechanism of the hypoglycemic ac-
tion was determined using efaroxan (Sigma, USA) as a
blocker of I,-imidazoline receptors in the dose of 5 mg/kg
intraperitoneally [2], as well as 2-(4,5-dihydroimidazol-
2-yl)quinoline hydrochloride in the dose of 1.5 mg/kg
intraperitoneally. The latter is known as Bu 224, which
is I,-imidazoline receptors selective blocker synthesized
at the department of Organic Chemistry of the Kharkiv
National University named after V.N. Karazin [6].

N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxami-

Table
The role of I;- and I,-imidazoline receptors in the mechanism of the hypoglycemic action
of N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide) administered intragastrically
Groun of animals " Blood glucose, mmol/I Decrease in the glucose level
P basal level in 90 min absolute value %

Intact control 12 3.50+0.21 3.37%0.26 0.13+0.37 +1.04+10.54
Diabetes (untreated) 6 20.32+1.92 21.47+2.22 1.15+0.79 +5.35+4.82
Diabetes + N,N'-(ethane- -71.50%%/***
1,2-dyyil)bis(quinoline-2- 9 25.41+2.53 7.39%£1.60 -18.03+£1.98 :'_4 82
carboxamide), 11.64 mg/kg -
Diabetes + (2-(4,5-dihydro-
imidazol-2-yl)quinoline hydro 54,0 %%k
chloride), 1.5 mg/kg + N,N'- 10 26.25+2.28 12.02*+1.67 -14.23+£1.97 ’ +

N T +5.62
(ethane-1,2-dyyil)bis(quinoline-
2-carboxamide), 11.64 mg/kg
Diabetes + efaroxan 5 mg/kg +
N,N’-(ethane-1,2-dyyil) M i -45.66% ¥ [¥r* [HxRR
bis(quinoline-2-carboxamide), 9 27.30+£3.23 14.18*£1.76 13.12+2.88 +8.15
11.64 mg/kg

Note: n —is the number of animals in the group; a statistically significant difference: * — with the basal value in the same group, p<0.01;
** — with the value of the intact control group, p<0.01; *** — with the untreated group value, p<0.01; **** — with the value of the group
“diabetes + N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide), 11.64 mg/kg’, p<0.05.
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de) was administered as an aqueous suspension stabi-
lized by polysorbate-80 in the dose of 11.64 mg/kg in-
tragastrically being equal to ED,, calculated in the pre-
vious experiment [13], per se, or in 20 minutes after ad-
ministration of imidazolin receptor blockers. The ani-
mals of the intact control group and the untreated dia-
betic group received an equivalent amount of the sol-
vent (water for injections). The blood glucose level was
determined before drug administration and in 90 min
after that [3].

Statistical differences were analysed using Wilcoxon
criterion T and Student t test [3].

Results and Discussion

N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxami-
de) in the dose of 11.64 mg/kg intragastrically has an
expressed hypoglycemic effect, significantly (p<0.01)
reducing the level of blood glucose by 71.50% compared
with the intact control group and the untreated group. On
the background of (2-(4,5-dihydroimidazol-2-yl)quino-
line hydrochloride — blocker of I,-imidazoline receptors —
the compound investigated decreases blood glucose levels
by 54.01%, and it is significantly (p<0.05) less than the
effect of the compound administered per se. Efaroxan
that is I,-imidazoline receptors blocker also prevented
the hypoglycemic effect of N,N’-(ethane-1,2-dyyil)bis
(quinoline-2-carboxamide), glycemia decrease was 45.66%,
p<0.05 (Table).

The data obtained show the absence of significant
differences between the degree of reduction in blood
glucose on the background of both imidazoline receptors
antagonists, indicating approximately equal participa-
tion of [,- and I,-imidazoline receptors in implemen-
tation of the hypoglycemic effect of N,N’-(ethane-1,2-
dyyil)bis(quinoline-2-carboxamide).

Thus, on the basis of pharmacological analysis it can
be considered that the stimulation of both types of imidazo-
line receptors I, and I, is involved in the mechanism of
the hypoglycemic action of N,N’-(ethane-1,2-dyyil)bis
(quinoline-2-carboxamide) since specific blockers sta-
tistically significantly decrease its hypoglycemic effect.

CONCLUSIONS

1. It has been proven that N,N’-(ethane-1,2-dyyil)
bis(quinoline-2-carboxamide) in the dose of 11.64 mg/kg
has a significant hypoglycemic effect in alloxan-induced
diabetic rats.

2. The hypoglycemic effect of N,N’-(ethane-1,2-dyyil)
bis(quinoline-2-carboxamide) significantly decreases on
the background of the specific antagonist of I,-imidazo-
line receptors Bu 224 — 2-(4,5-dihydroimidazol-2-yl)
quinoline hydrochloride — and on the background of I,
receptor antagonist efaroxan. These data have proven
the role of I,- and I,-imidazoline receptors stimulation
in the mechanism of the hypoglycemic action of the
compound investigated.
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OOCNIOXEHHA PO IMIOA30NIHOBUX PELIENTOPIB I, TA I, TUMIB Y MEXAHI3MI
MMNOrMIKEMIYHOI Aii N,N’-(ETAH-1,2-AliM)BIC(XIHOMIH-2-KAPEOKCAMIZLY)

O.M.Kananko, C.FO.llImpuzonsb, b.B.lManoHoe, C.B.JIbeoe

Knrouosi cnoea: N,N’-(emaH-1,2-0iin)bic(xiHoniH-2-kapbokcamid); sinoanikemiyHa Oisi;

imidasoniHoei peuenmopu; yykposul Oiabem; echapokcaH; 2-(4,5-0uzidpoimidasorn-2-in)xiHormniH
2idpoxmopud (BU 224); anokcaH

HaesedeHi pe3ynbsmamu docridxeHHsI MexaHi3amy UyKkpo3HuxysanbHoi 0ii N,N’-(emaH-1,2-0iin)bic
(XiHoriH-2-Kkapbokcamidy) rpu 8HympiLHBOWITyHKO8OMY 88e0eHHi y 003i 11,64 me/ke Ha Modeni arokca-
HOB020 UyKpoeozo Oiabemy y wypie. [ocnidxyeaHa criofyka 3 moyku 30py meopii ghapmakoghopis
Moxe po3sensidamucs sk oumep 2-(4,5-0ueiopoimiOason-2-in)xiHoniHy 2idpoxnopudy, 6riokamopa imi-
dasoniHosux peuenmopie mury I, 8idomoeo nid wugppom BU 224, ane He € (1020 OuMepOM 3 MOYKU
30py opeaHIiYHOI Ximil. € OaHi, W0 ys crioniyka mMae npomuryxuHHi eracmugocmi in vitro 3a paxyHOK
rocuneHo2o anonmosy ma akmueauii kacrnasu-3. Bidomocmi wjo0o ernnusy 0ocrnioxyseaHoi cronyku
Ha 8yanesodHuUl obMiH obmexeHi. Buxods4u 3 xiMiyHoi bydosu, a came HasieHOCcmi 2-3aMiljeHo20
XIHOMIHOB020 chpazmeHmy, xapakmepHoeao 0ns 2-(4,5-0uzidpoimidasorn-2-ir)XiHomiH 2i0pox1opudy,
gucyHymo npurnyuweHHs, wo N,N’-(emaH-1,2-0iin)6ic(xiHoniH-2-kapbokcamid) mae 30amHicmb 8mpy-
yamucs 8 MexaHi3mu peaynsauii eyarneeodHo20 0bmiHy. OmpumaHi pesyrnbmamu ceid4yamab,Wo rnpu
anokcaHosomy Giabemi N,N’-(eman-1,2-0iin)bic(xiHoniH-2-kapbokcamid) YUHUMb 8UpPa3Hy UyKPO3HU-
XKy8saribHy 0ito, 3HUXYIOYU pigeHb arikemii Ha 71,50%, ma € azoHicmom imida3oniHogux peuenmopie
0box munig, wo 6y1o doeedeHo winsixom ix briokadu cenekmueHUMU aHmazoHicmamu — eghapokca-
HOM ma 2-(4,5-0ueidpoimidasorn-2-in)xiHoniHy 2idpoxnopudom. Ha ¢oHi briokamopa imida3oniHogux
peuenmopie muny |, ecpbapokcaHy 3HUXeHHS enikemii cmaHosurso 45,66% (p<0,05), a Ha mni 6i10-
Kamopa imida3soniHogux peuyenmopie muny |, 2-(4,5-0uzidpoimida3on-2-in)xiHomiH 2idpoxaopudy —
54,01% (p<0,05).

MCCNEOOBAHUE PO UMUOA3O0JIMHOBbLIX PELLENTOPOB I, U |, TUMOB B MEXAHU3ME
MMMNOrMMUKEMUYECKOIO OEUCTBUSA N,N’-(3TAH-1,2-AUNIT)BUC(XUHOJTUH-2-
KAPBOKCAMUIOA)

E.H.Kananko, C.FO.lUImpsizonb, 6.B.ManoHoe, C.B.JIbeoe

Knroveenie crnoea: N,N’-(amaHr-1,2-0uun)buc(xuHonuH-2-kapbokcamud),; aunoznukemMu4eckoe
Oelicmeue; uMUOGa30/1UHOBbLIE PEUENMOpPbI; caxapHbilti duabem, aghapoKcaH;
2-(4,5-0ueudpoumuda3son-2-un)xuHonuH audpoxmaopud (BU 224); annokcaH

lNpusedeHbl pe3ynbmamsl uccriedogaHusi MexaHu3Ma caxapocHuxaroweao detcmeusi N,N’-(amaH-
1,2-0uun)buc(xuHonuH-2-kapbokcamuda) npu eHympuxxesrnydodyHom eeedeHuu 8 dose 11,64 me/ke Ha
Modernu asnsoKkcaHo8o2o caxapHoeo duabema y Kpbic. Miccriedyemoe coeduHeHUe ¢ MOYKU 3peHUs
meopuu chapmakoghopos Moxem paccMmampusamscsi Kak dumep 2-(4,5-0ueudpoumuda3son-2-us)xu-
HonuH eudpoxrnopuda, 6riokamopa umudasonnuHo8bIX peuenmopos muna I, uzeecmHo2o nod wug-
pom BU 224, Ho He senisiemcsi e20 OUMEPOM C MOYKU 3PEHUST Op2aHU4ecKol xumuu. Ecmb OaHHble,
4Ymo 3mo coeOUHEeHUe umMeem MPoMmMuUBoOoyxoseabie ceolicmaa in Vvitro 3a c4yem ycuseHHo20 aror-
mo3a u akmusayuu Kacnasbl-3. CeedeHus 0 enussHUU uccredyemMoz20 CoeOUHeHUs1 Ha yare800HbIl
0bmeH oepaHuYeHbl. VIcxo0s1 U3 XUMU4YeCcKOo20 CmMpPOeHUs, a UMEHHO Hanu4us 2-3aMeweHHo20 Xu-
HOJTUHOB020 ¢hpasmeHma, xapakmepHoao 055 2-(4,5-0uaudpoumuda3sos-2-us)XuHonuH audpoxsio-
puda, ebid8uHymo npeodmnonoxeHue, Ymo N,N’-(amaH-1,2-0uun)buc(xuHonuH-2-kapbokcamud) obna-
daem crocobHOCMbIO 8MeWU8amMbCSI 8 MEXaHU3MbI peaynsiyuu y2rneeodHo20 obmeHa. [onyvyeHHble
pes3ynbmamel caudemeribcmeayom, 4Ymo rpu annokcaHogom Auabeme N,N’-(amaH-1,2-0uun)buc(xu-
HOMuH-2-kapbokcamud) okasbieaem 8bipaxkeHHOEe caxapoCHUXarouwee oelicmaue, CHUXasl ypO8eHb
enukemuu Ha 71,50%, u sienssemcs a2oHUCMOM UMUOa30/IUHO8bIX peyenmopos 0boux muros, 4mo
66110 OokasaHo rymem ux 6r1okadbl celeKmMuU8HbIMU aHmazoHUCmamu — aghapokcaHom u 2-(4,5-0u-
a2udpoumudasorn-2-usn)XuHonuH audpoxiopudom. Ha ¢poHe briokamopa umMudasonuHOBbIX Peyernnmo-
pos muna |, aghapokcaHa CHUXeHue ariukeMuu cocmaesurio 45,66% (p<0,05), a Ha choHe briokamopa
umudasonuHosbIx peuyernmopos muna |, 2-(4,5-0ueudpoumudasorn-2-un)xuHonuH audpoxmiopuda —
54,01% (p<0,05).
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Today diabetes mellitus (DM) significantly reduces the parameters of the life quality of patients.
Therefore, the life quality assessment is current and promising direction of medicine, which allows to
determine a reasonable method of treatment. The aim of this study was the use of SF-36 question-
naire for determining the quality of life of patients with T2DM when applying different schemes of phar-
macotherapy. The research objectives are: 1) carrying out retrospective analysis of medical histories
and treatment sheets of T2DM patients in hospital environment; 2) carrying out frequency analysis of
the treatment regimens used; 3) analysis of patients included in the study; 4) carrying out the survey
by a nonspecific SF-36 questionnaire; 5) determination of the quality of life in T2DM patients. The
research object is the quality of life in T2DM patients in hospital environment. The research methods
were retrospective, frequency analysis, life quality assessment by a nonspecific SF-36 questionnaire.
The pharmacoeconomic research included 2 groups of patients: the first group (25 patients) received
the combination of metformin+gliclazide (43.1% of cases), the second one (56 patients) received
the combination of metformin + glimepiride (16%). Patients did not significantly differ from all of the
parameters analyzed, and it enabled to compare their quality of life. The life quality parameters were
assessed by a nonspecific SF-36 questionnaire. When studying the life quality in patients with the
metformin + gliclazide scheme the average physical health component was 24.64+0.63 and the aver-
age mental health component was 25.24+0.78; in patients with the metformin + glimepiride scheme
the average physical health component was 23.89+1.1 and the average mental health component
was 24.37+0.55. These results indicate that the quality of life in patients is fairly low and does not
depend on the pharmacotherapeutic scheme used, obviously it is due to the severity of the T2DM
course and the presence of complications. The quality of life in patients according to the physical and
mental components has fairly low indicators irrespective of the pharmacotherapeutic scheme used.

At present diabetes mellitus (DM) acquires the status
of non-infectious epidemic that affects all society. DM
complications reduce the parameters of the life quality
of patients significantly and constitute the greatest dan-
ger [5].Taking into account that the last World Health
Organization programme activities are directed to im-
provement of the life quality of patients by improving
the quality of diagnosis and treatment of chronic dis-
cases [4] the need to study the quality of life in clinical
practice, in particular in endocrinology, becomes clear.
Today the life quality assessment is a promising direc-
tion of medicine which allows to determine a reason-
able method of treatment [1].

The aim of this study is the use of SF-36 question-
naire for determining the quality of life of patients with
T2DM when applying different schemes of pharmaco-
therapy.

The research objectives are:

1) carrying out retrospective analysis of medical
histories and treatment sheets of T2DM patients in hos-
pital environment;

2) carrying out frequency analysis of the treatment
regimens used;

3) analysis of the patients included in the study ac-
cording to certain parameters (age, gender, body mass

index (BMI), fasting plasma glucose (FPG) on admis-
sion, duration of disease of T2DM) in the context of
drug regimens;

4) carrying out survey of T2DM patients in hospital
environment by a nonspecific SF-36 questionnaire;

5) determination of the quality of life in patients
with the most commonly used treatment regimens.

The research object is the quality of life in T2DM
patients in hospital environment.

The research methods are:

1. retrospective analysis;

2. frequency analysis;

3. the life quality assessment by a nonspecific SF-
36 questionnaire.

Materials and Methods

To select the most frequently used drug regimens
the frequency analysis of all (599) medical histories
and treatment sheets of T2DM patients included in this
study was conducted. Selection of treatment regimens
was carried out by endocrinologists. All patients treated
in 2011-2012 in the Vinnytsia Regional Clinical Endo-
crinology Clinic (VRCEC) were included in the study.

As a result of frequency analysis it was found that
the following schemes of pharmacotherapy were the
most frequently used: metformin+glimepiride in 43.1%
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Fig. Frequency analysis of the treatment regimens of T2DM patients in VRCEC.

of cases, gliclazidet+tmetformin — in 16% of cases, met-
formin monotherapy — in 15.5% of cases. Treatment was
applied for all patients according to the state standard
for management of T2DM patients [8], including mono-
therapy and combination therapy. The above pharmaco-
therapy schemes were used for 445 patients. Other 144
patients received various pharmacotherapeutic schemes
at a frequency from 0.2% to 8% (Figure).

The pharmacoeconomic research included 81 pati-
ents on the combined pharmacotherapy: the first group
(25 patients) received the combination of metformin
+ gliclazide, the second one (56 patients) received the
combination of metformin + glimepiride.

Patients of the first and second groups received dif-
ferent pharmacotherapy and did not significantly dif-
fer by all of the parameters analyzed, and it enabled to
compare their quality of life in the context of the treat-
ment schemes selected (Tab. 1).

There were 41 men and 40 women among the re-
spondents, the average age was 57.9+0.87 years (from
35 to 76 years old). All patients had complications of
T2DM. For example, in the 1% group retinopathy was
observed in 66.7% of patients, angiopathy — in 98%,
neuropathy — in 97%, nephropathy — in 19%, cardio-

vascular complications — in 83%. In group 2 of patients
retinopathy was found in 45%, neuropathy — in 91%
angiopathy — in 88.8%, nephropathy — in 17.4%, car-
diovascular complications — in 91.5%. All patients re-
ceived treatment according to standard management of
patients with T2DM [2].

Parameters of the life quality of patients were as-
sessed by a nonspecific SF-36 questionnaire recom-
mended by Ware J.E., Kosinski M., Keller S.D. Statisti-
cal analysis of information was carried out by means
of the instructions prepared by Evidens company that
deals with clinical and pharmacological investigations
[3, 7]. A nonspecific SF-36 questionnaire was adapted
for the study groups of patients with different chronic
diseases [6, 8].

Questions of the questionnaire were grouped into
eight scales. The scales were grouped into two indica-
tors “physical health component” and “mental health
component”. The physical health component scale in-
cludes the following items: physical functioning, role-
physical functioning, body pain, general health. As for
the mental component of health it includes the follow-
ing items: vitality, social functioning, role-emotional,
mental health. Indicators of each scale vary between 0

Table 1
Characteristics of patients at different pharmacotherapeutic regimens
Pharmacotherapeutic schemes L
. - —— - - — The significance
Indicators Metformin + gliclazide | Metformin + glimepiride ;
of differences
Scheme 1 Scheme 2
The number of patients 25 56
Age (years) 60.58+0.85 59.30+0.53 p>0.05
Gender (woman/man, %) 51/45, 53/47 142/116, 55/45
BMI (kg/m?) 30.75+0.38 31.65+0.33 p>0.05
FPG when admission (mmol/L) 11.39+0.34 11.12+0.19 p>0.05
Duration of the disease (years) 9.60+0.74 8.42+0.35 p>0.05
Complications 100% 100%
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Table 2
Evaluation of the general health
Answers (% of patients)
Statements certainly basically | don't know basically certainly
correct correct incorrect incorrect

a) | think I'm more prone to
disease than others 28 40 28 4 0
b) my health is not worse than 23 60 13 3 0
most of my friends have
¢) | am waiting for my health 47 50 2 0 0
deterioration
d) | have excellent health 0 1 1 53 45

and 100, where 100 represents full health. All scales
form two final indicators — the physical component of
health and the mental component of health. The results
are presented as score: a higher score indicates a higher
level of the life quality.

Results and Discussion

When assessing the physical health component re-
gardless of the treatment regimen the following infor-
mation has been found:

1. physical functioning is “greatly limited” in 61%
of patients (49 patients), “slightly limited” in 35% of
patients (28 patients), “not limited” only in 4% of pa-
tients (3 patients);

2. role-physical functioning “causes difficulties” in
82% of patients (66 patients), “do not cause difficul-
ties” in 18% of patients (15 patients);

3. characteristics of pain by

a) pain intensity:

27% of patients (22 patients) have a “very strong
pain”, the pain of 29% (23 patients) is “strong”, 17%
(14 patients) — “moderate pain”, 17% (14 patients) —
“weak pain”, the pain of 10% of patients (8 patients) is
“very weak” and there are no patients who do not feel
pain at all;

b) pain prevents to do the usual work:

“very much” — 38% of patients (31 patients), “strong-
ly” —27% of patients (22 patients), “moderately” — 24%
of patients (20 patients), “little” — 10% (8 patients), pain
“does not disturb” only 1% of patients (1 patient);

4. the general state of health is assessed by:

a) the opinion of the patient about his health:

41% of patients (33 patients) define it as “poor”,
43% of patients (35 patients) — as “moderate”, 15% of
patients (12 patients) — as “good”, 1% of patients (1 pa-

tient) — as “very good”, no patient defines his state as
“excellent”;

b) the patients’ attitude to certain statements about
health (Tab. 2).

When assessing the general state it has been found
that 68% of patients (55 patients) suggest to be “more
prone to disease than others”; 83% of patients (67 pa-
tients) consider “their health is not worse than in most
of their friends”; 98% of patients (79 patients) are
“waiting for health deterioration” and 98% of patients
(79 patients) consider the statements about their “excel-
lent health” to be “incorrect” (Tab. 2).

Thus, the study has shown that physical functioning
is “greatly limited” in 61% of patients (49 patients); role
functioning “causes the difficulties” in 82% of patients
(66 patients); “very strong” and “strong” pain is felt by
56% of patients (45 patients); in 65% (53 patients) pain
“prevents the regular work™; 41% of patients (33 pa-
tients) have reported that their health is “poor”; 98% of
patients (79 patients) expect “health deterioration” and
consider the statement about their “excellent health” to
be “incorrect”.

When assessing the mental health component the
vitality, social functioning, role-emotional and mental
health were studied. In the study of vitality it has been
found that 70% of patients (57 patients) “are rarely vig-
orous”, 73% of patients (59) “rarely feel full of strength
and energy”’, 88% of patients (71 patient) “always feel
exhausted” and 89% of patients (72 patients) “always
feel tired” (Tab. 3).

The study of social functioning has shown that in
27% of patients (22 patients) “their physical and emo-
tional state is very serious obstacle to spend time with
the family”; in 29% of patients (24 patients) it hin-

Table 3
Evaluation of the mental health component
Answers (% of patients)
Questions all the time moi;(nc:ithe often sometimes | seldom never
Did you feel vigorous? 1 7 7 15 32 38
Did you feel full of strength and energy? 1 5 3 18 62 11
Did you feel exhausted? 41 47 7 2 3 0
Did you feel tired? 52 37 3 2 5 1
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Table 4
Evaluation of Mental Health
Answers (% of patients)
Questions all the time most of often sometimes| seldom never
the time
Are you very nervous? 18 43 18 11 10 0
Did you feel so depressed that nothing 27 40 16 9 7 1
could encourage you?
Did you feel calm and tranquility? 1 11 8 20 55 5
Were you depressed with low spirit and sad? 40 44 5 3 8 0
Did you feel happy? 0 3 7 5 70 15

ders “very much”; in 34% of patients (28 patients) it
interferes “moderately”; in 9% of patients (7 patients)
it “bothers a little”; in 1% of patients (1 patient) — “it
doesn’t bother at all”. The physical and emotional health
prevents from active communication with people “all
the time” in 38% of patients (31 patients), “most of the
time” — 47% of patients (38 patients), “sometimes” —
12% of patients (10 patients), “rarely” — 3% of patients
(2 patients), “never” — 0% of patients (0 patients).

The study of role-emotional functioning has shown
that “there are difficulties in usual daily activities” in
86% of patients (70 patients), “there are no difficulties”
—in 14% of patients (11 patients).

Analysis of the mental health has found that 79%
(64 patients) are “very nervous all the time”, 67% (54
patients) “feel depressed all the time”, 75% (61 pati-
ents) “rarely feel calm” and 85% (69 patients) are “have
never been happy” (Tab. 4).

Hence, it has been found that 70% of patients (57 pa-
tients) “are seldom vigorous”; “the physical and emo-
tional health interfers to spend time with the family
very much” in 56% of cases (45 patients) and “actively
communicate with people most of the time” in 85% of
patients (69 patients); role functioning “causes difficul-
ties in usual daily activities” in 86% of patients (68 pa-
tients); 79% (64 patients) are “very nervous all the time”;
67% (54 patients) “feel depressed all the time”.

In the study of the quality of life in patients with
pharmacotherapeutic scheme 1 the average physical
health component was 24.64+0.63 and the average men-
tal health component was 25.2440.78; in patients with
pharmacotherapeutic scheme 2 the average physical
health component was 23.89+1.1 and the average men-
tal health component was 24.37+0.55.

Thus, these results indicate that the quality of life in
patients is fairly low and does not depend on the phar-
macotherapeutic scheme used, obviously it is due to the
severity of the T2DM course and the presence of com-
plications.

CONCLUSIONS

1. It has been found in frequency analysis that among
the patients included in research the following schemes
of pharmacotherapy are used the most frequently: met-
formin + glimepiride in 43.1% of cases and gliclazide +
metformin in 16% of cases.

2. When comparing groups of patients received dif-
ferent pharmacotherapy it has been found that patients
do not significantly differ from all of the parameters
analyzed.

3. The survey conducted among 81 patients by SF-
36 questionnaire has revealed the low indicators of the
life quality of patients according to the physical and
mental components irrespective of the pharmacothera-
peutic scheme used.
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OMNUTHMUK SF-36 AK IHCTPYMEHT OLIIHKU AKOCTI XXUTTSA XBOPUX HA LIYKPOBWUN OIABET
2TKny

T.A.l'epmaHok, T.l.Ieko

Knroyoei cnoea: uyykposul diabem; sikicmb xummsi; gpapmakomeparnisi; onumHuxk SF-36

Ha menepiwHit deHb yykposuli diabem (LJ[]) icmomHO 3HUXYE napamempu SKOCMi Xummsi nay,i-
eHmig. ToMy ouiHKka ssKocmi Xummsi — akmyaribHUl ma nepcrekmueHul HarpsmoK MeduUUHU, KUl
Oae moxrnuegicmb 8u3Hadyumu obzpyHmosaHuli Memod JikysaHHs. Memoto docridxeHHs 6yrno eu-
KopucmaHHs onumHuka SF-36 0ns1 su3HavyeHHs pigHs ssKocmi xumms xeopux 3 L[] 2 muny npu
3acmocyeaHHi pi3HUX cxeM ¢hapmakomeparnii. 3aed0aHHsI 00CniOKeHHS: 1) nposedeHHsT pempocrieK-
MmuBHO20 aHarli3y fiucmie rnpusHa4eHb ma icmopill xeopob xeopux Ha L[] 2 muny 8 cmauioHapHUX
ymosax JiKyeaHHsI; 2) npogedeHHs 4acmomHO20 aHarli3y exueaHux cxeMm fiKyeaHHs; 3) aHari3 Xeo-
PUX, 8KTtOYEHUX y DocnidxeHHs; 4) nposedeHHs1 aHKkemysaHHs xeopux Ha Y] 2 mury; 5) susHayeHHs
skocmi xxummes y xeopux. O6’ekm docnidx)eHHS: sKicmb xummsi xeopux Ha L] 2 muny. Memodamu
oocridxeHHs1 6ynu pempocrnekmueHuUl, YacmomHul aHasi3, OUiHK8aHHS SKocmi Xxumms 3a 00ro-
MO20t0 HecrieyughiyHo20 onumHuka SF-36. Y ¢hapmakoeKoHOMIYHE O0CiOXeHHST Byrnu BK/TOYEH 2
epynu naujeHmis: nepwi (25 nayieHmis) ompumysanu KombiHauito memceopmiH + eniknasud (43,1%
sunadkig), Opyai (56 nayicHmis) — kombiHayito memaeopmiH + animenipud (16%). Xeopi docmosgipHO
He 8iOpI3HSAUCS M0 8CiX aHai308aHUX NoOKa3HUKax, Wo 0asio 3Moay ropieHr8amu sKicmb ixX XUmms.
lMapamempu sikocmi xumms ouiHr8anu rno HecrieyugiyHomy onumduky SF-36. lNpu docnidxeHHi
SKOCMI KUMMS y X80pUX 3i cXeMoro MemeopMiH + anikna3ud ¢hizu4HUl KOMIOHEHM 300P08’s CKlas
24,64+0,63, a ncuxiyHul — 25,24+0,78; 3i cxemoro Mema@bopmiH + 2riimenipud ¢hiduyHUL KOMITOHEHM
300poe’st cknae 23,89+1,1, a ncuxiyHul — 24,37+0,55. Pe3ynbmamu cgi04ampb npo HU3bKi MoKa3s-
HUKU SIKOCMI XXUMMSs y X80pUX, SIKi He 3anexamb 8i0 exusaHoi cxemMu ¢hapmakomeparnii, 604e8UO0b,
obymoerneHi saxkkicmto nepebicy L[] 2 muny ma HaseHIcmio ycknaOHeHb. SIKicmb Xumms X8opux 3a
i3UYHUM ma NCcUxXoro2i4HUM KOMIMOHEHMOM, SIKi Maru HU3bKi 3HAaYEHHS, He 3arexario 8i0 exusaHoi
cxemu gpbapmakomepariii.

OMNPOCHMK SF-36 KAK UHCTPYMEHT OLIEHKU KAYECTBA XXU3HU BOJIbHbIX CAXAPHbIM
OUABETOM 2 TUNA

T.A.l'epmaHrok, T.U.Usko

Knroyeenie cnoega: caxapHbili duabem, ka4ecmeo XU3HU; hapMakomeparnusi; ornpocHuk SF-36
Ce200Hs1 caxapHbili duabem (C/L]) cywiecmeeHHO CHUXaem rnapaMmempbl Kadecmea XU3HU nayueH-
mos. [1oamomy ouyeHKa Kadecmea XU3HU — akmyalrlbHOe U NepcrieKmusHoe HarpasneHue meduyu-
Hbl, noseornsuee onpedenums 060CHOBaHHbIU Memo0 ried4eHus. Llenbto uccnedosaHusi b6biro uc-
ronb3o08aHue orpocHuka SF-36 0nsa onpedeneHus ypoeHsi kKadecmeaa xu3Hu bonbHbix ¢ G 2 muna
rpu fMpuUMEHEHUU pasfiuyHbIX cxem ¢hapmakomepanuu. 3adaqu uccnedosaHus. 1) nposedeHue pe-
mpoCcnekmugHo20 aHasu3a 1ucmo8 HasHadeHul u ucmopudl bonesHel bonbHbix CL 2 muna e cma-
UUOHAaPHAbIX yCr108USIX fle4eHUSsI; 2) nposedeHuUe 4YacmomHO20 aHanu3a rnpuMeHsIeMbIX CXeM JTIe4EHUST;
3) aHanu3 60oribHbIX, 8KITHOYEHHbIX 8 uccriedogaHue; 4) nposedeHue aHKkemuposaHusi 60mbHbIX CL 2
muna; 5) onpederneHue kayecmea Xu3Hu 6orbHbIX. O6bekm uccredosaHusi: Ka4ecmeo XU3HU 6071b-
Hbix G 2 muna. Memodamu uccriedosaHusi Obiru pempoCcrneKmusHbIl, YacmomHbIl aHanu3, oueHka
Kayecmea XU3HU C MOMOWbIo Hecrieyughudeckozo onpocHuka SF-36. B ghapmMakosKOHOMUYECKOe Uc-
crniedogaHue bblr1 8KIMIOYEHO 2 epynnbl nayueHmos: nepabie (25 nayueHmos) nosy4vanu KOMOUHayuo
memaeopmuH + enuknasud (43,1% cnydaes), emopeie (56 nayueHmMos) — KoMbuHayur MemaeopMuH
+ anumenupud (16%). bornbHbie docmoeepHO He omu4Yanuch o 8cemM aHanu3upyembiM rokasame-
J15IM, 4mo 0ario 803MOXHOCMb CPAaBHUBaMb Ka4eCmeo UX XU3HU. [Tapamempbi Kadecmeaa XU3HU oue-
Hueanu rno Hecrieyuguyeckomy ornpocHuUKy SF-36. lNpu uccrnedosaHuu Kayecmea Xu3Hu y 60rbHbIX
co cxemoUl MmemaOopMUH + erlukna3ud uauyveckuli KOMIoHeHm 300po8bs cocmasus 24,64+0,63, a
rcuxu4yeckuli — 25,24+0,78; co cxemol Mem@opMuH + ariumernupud gpusudeckuli KOMIoHeHmM 300p0-
8bs cocmasur 23,89+1,1, a ncuxuyeckuli — 24,37+0,55. Pe3yribmamsi caudemeribcmayrom O HUSKUX
rokasamerisix kadecmea u3Hu y 60IbHbIX, KOmOopble HE 3a8Ucsm om rpuMeHsieMol cxembl ¢hapma-
Komepariuu, o4e8UOHO, 0bycroerneHHble msxxecmbto medeHuss GL 2 muna u Hanu4uem ocrioXHeHUU.
Kauecmeo xu3Hu 60sbHbIX M0 (hu3U4YECKOMY U MCUXUHECKOMY KOMIMOHEeHmMaM UMEeuU HU3KUe 3Hade-
HUS1, He3a8uUCUMO Om MPUMEeHsIeMoU cxeMbl chapmakomeparuu.
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