MIHICTEPCTBO OXOPOHM 310POB’ YKPAITHU
AEPKABHMW EKCMEPTHMW LLEHTP_MO3 YKPAIHA
HAUIOHA/IbHMN ®APMALIEEBTUYHNA YHIBEPCUTET

Pik 3acuyBanusa — 1997

KJIIHIYHA
OAPMAIIIA

CLINICAL
PHARMACY

KJINMHNYECKASf
OAPMAIIUA

2016 — tom 20, Ne 4

Xapki.
HPay



PepakniiiHa KoJieris:

O.l'bawypa, H.B.be3gitko, H.I1.be3yria, B.C.bongap, M.f.l'onoBenko, [.C.I'punieHko,
I0.L.Ty6chKuiA, C.M./lporoBos, /l.1.3a6os0THU, A.B.3iMeHKOBChKHIA,
.A.3ynaHenp (rosioBHUI peaakTop), B.M.KoBanenko, A.A.KoTsinpka, 0.M.KoTeHko,
B.I7I.erC}OH, JLM.Masourras, LA.OTpiuiko (8idnosidansHuii cekpemap), C.b.Ilonos,
[.M.Pmwxenko, T.C.CaxapoBa, A.M.Cepatok, O.lTuxonos, M./[TpoHbko, F0.1derieHko,
B.LLlum6antok, [.C.HekmaH, B.I[.HYepHux (rOJIOBHMI HAYKOBHUA KOHCY/IBTAHT),
JL.B.flkoBJi€Ba (3aCTYyNMHMK rOJIOBHOTO peJaKTopa)

PepakuiiHa paja:

ISSN 1562-725X

0.M.Binorou, I'M.Bo#iTenko, }0.B.Boponenko, H.0.l'opuyakoBa, O.1.'puzozayo,
H.B.Jleayx, 3.[.Jumutposa (bosrapis), A.€.[ly6enko, TI.Kanuniok, O.M.J/linummHa,
M.0.JIsmyHoB, TM.J/IsckoBcbkui, B.L.Mamuyp, b.B.Muxaiinos, | Mircheva (Belgium),
M.A.Moxopr, 10.C.Pynuk, A.C.CBiHninbkuH, B.0.Ycenko, M.Hartmann (Germany),
M.L.A6ayuancekui, 0.0.51koBa€EBA

Y yeproBomy HoOMepi >KypHaJly mIpeCcTaB/ieHi OpuriHajabHi CTaTTi 3 06roBOpEeHHA
OCHOBHUX NigX0/IB 0 ¢papMakoTepamnii reJibMiHTO3iB Ta OKpec/ieHi nepcneKTUBU
po3po6ku ¢pitonpenapariB A ix sikyBaHHs. HaBeeHa iHdopmalisi CTOCOBHO
0C06/IMBOCTEN AaHTUTPOMOOLUTAPHOrO JiKyBaHHA i3 3aCTOCYBaHHAM aLleTHJI-
CaJIiUJIOBOI KUCJIOTH, BUCBIT/IEHI Mp0o6/ieMH acnipuHOPE3UCTEHTHOCTI Ta pa-
IlioOHA/JIbHOT'0 NIPU3HAYeHHA i KopeKuii Tepamnii aneTU/caliluI0BOI0 KUCI0TOI.
0O6roeopeHa npo6/ieMa 3aCTOCyBaHHS iIHHOBaILiHHOT'0 KOCMETOJIOTiYHOT'0 METO-
Ay - Kap6oKcuTepamnii Ta HOro noJjiBajJeHTHOr0 MeXaHizaMy ¢papMaKOAHMHAMIKHU.
IIpeacraBiieHi pe3y/bTaTU pOGOTH 3 OLLiIHKM paLioHaJAbHOCTI papmMakoTepanii
XBOpUX Ha XpoHivyHy IXC y cepeAHBOCTaTUCTUYHOMY 3aKJ/IaJi OXOPOHH 340POB’sl
Ykpainu. [IpeacTaBiieHi MaTepiaau 3 AOKJIIHIYHOr0 BUBYEHHS HOBUX JIiIKapcCh-
KHX 3ac006iB - npenapary «/lepMa6iH», KOMNO3HLiiIHOro 3aco6y Ha OCHOBi KOMII-
JIeKCy repMaHilo 3 HIKOTUHOBOIO KUCJ/I0TOI0, HACTOMKHM AMIUIi 3BUYANHOI, mep-
CIIEKTUBHOTO aHTHUAENPEeCAaHTa 3 HOOTPONHMMH BJIACTUBOCTAMM 2-MeTuI-3-(deHir-
amiHoMeTW1)-1H-XiHOJ1iH-4-0Hy, TeTpanienTuay acetyl-(D-Lys)-Lys-Arg-amide (KK-1).
BuCBiT/IEHI acneKTH aHAJITUYHOI JiarHOCTUKM OTPY€EHb MiJIHAaLMNIPAaHOM /I
3aCTOCYBaHHA y CyA0Bill TOKCHMKO.JIOTii.

J1s HayKoBLiB, JIiKapiB, IpOBi30piB, KJIIHIYHUX NPOBi30piB, OpraHisaTopis cucre-
MM OXOPOHHM 3J0pPOB’A.

PexomeHj0BaHO BueHolo pazioro HanjioHasbHOTO ¢papMaLeBTUYHOTO YHIBEPCUTETY
(mpoToxout Ne 3 Bix 30.11.2016 p.)

Kypnan «Kniniuna ¢apmanis» BrkiaroyeHuit 1o 3aTBepxeHoro MOH Ykpainu nepesiky HayKo-
BUX (paxoBUX BUJAHb YKpaiHU /i1 ONy6JIiKyBaHHS pe3y/bTaTiB AUcCepTaLilHUX pooiT 3 dap-
MalleBTUYHHUX Ta MeJU4HUX Hayk (Hakasom MiHicTepcTBa ocBiTH i Hayku Ykpainu Ne793 Bif
04.07.2014 p. moHoBJieHUH B [lepesiky HaykoBUX $axoBUX BU/IAHb YKpaAiHH, B IKUX MOXKYTh
ny6JIiKyBaTHCA pe3y/bTaTH AUCEPTALiIMHUX PO6IT Ha 3,00y TTs HAYKOBUX CTYIEHIB JOKTOpa
i KaHAWaTA HAYK)

Kypnan «Kniniuna ¢papmanis» BxoguTs 0 pedepaTuBHOi 6a3u AaHux HanioHanbHoI 6i6.1i0-
Teku YKpaiHu iM. B.l.BepHazacbpkoro, YkpaiHcbKoro pedepaTUBHOTO KypHaLy «/xepeso»,
Chemical Abstracts Service (USA), BAHUTU PAH Ta inZieKcyeThCs y HAYKOMETPUUHUX 6a3ax
Index Copernicus Ta eLIBRARY.RU.

©HauioHanbHul apManeBTUUHUN YHiBepcuTeT, 2016



KAiviyna doapmakoaoris
Ta cbapmakoTepanis




4 KAIHYHA PAPMALIA. —2016. —T. 20, Ne 4

ISSN 1562-725X

UDC 615.32:616.34-008.89:616-08

THE BASIC APPROACHES TO PHARMACOTHERAPY
OF HELMINTHIASES AND PROSPECTS OF PHYTOMEDICINES
DEVELOPMENT FOR THEIR TREATMENT
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Parasitic infections are one of the most acute and urgent problems of modern global society. The fact that most cases of
helminthiases of the digestive system falls on children of the preschool and early school age is of particular relevance. Phar-
macotherapy of helminthoses of the digestive system involves the preparatory stage, causal treatment and elimination of
complications of the past disease. It is important to observe the diet. Foreign treatment standards provide two stages of
treatment: elimination of helminths (medicines based on mebendazole, albendazole, thiabendazole, niclozamine, praziqu-
antel) and elimination of complications of the past disease. In addition, non-pharmacological treatment is recommended,
it includes good nutrition and personal hygiene. The domestic market of antihelmintics is represented by drugs based on
praziquantel, mebendazole, albendazole, piperazine, pyrantel, levamisole, and one drug in the form of medicinal plant raw
material - tansy flowers. Most of these medicines are produced abroad (57.9%). The age limits vary from the 6" months to
14 years. The price proposals on antihelmintic medicines vary depending on the dose, type of a dosage form and producer.
The folk medicine offers a variety of prescriptions for treating helminthoses based on medicinal plants. On the basis of the
analysis of the folk medicine formulations 11 medicinal plants have been identified as promising for creation of the com-
plex phytomedicine with the antihelmintic activity.

owadays, parasitic infec-

tions are one of the most
acute and urgent problems of the
society. According to the World
Health Organization approxima-
tely 1.2 billion people are infec-
ted with parasitic infections each
year.

According to the recent fin-
dings helminthosis affect all, without
exception, age groups. However,
children are significantly more li-
kely to become infected with hel-
minths due to the lack of high-gra-
de hygienic skills, and some stu-
dies prove greater sensitivity of
the child’s body to development
of helminthiases since penetra-
tion of eggs or cysts of worms in
the human body does not lead to
development of helminthosis in
all cases [4, 5, 15].

The share of children helmin-
thoses of the digestive system is
92.3% of the cases of enterobio-
sis, 71.1% - ascariasis, 61.5% -
trichocephalosis and 66.2% - toxo-
cariasis. Children of the preschool
and primary school age are the most
susceptible to helminth infections,
children aged 2-10 years are the

most susceptible to helmintho-
sis [8, 15, 17].

Helminths are divided into
roundworms (nematodes), tape-
worms (cestodes) and flukes
(trematodes). Potential routes of
helminth infection include faecal-
oral, direct contact and transmis-
sive [6].

[t is known that the larvae and
eggs of helminths when in con-
tact with the human body orally
are exposed to enzymes and non-
specific protection factors, the gast-
ric juice and local immunity of the
intestines, and it usually causes
their death. But when weakening
of the body’s defences larvae and
eggs are able to penetrate into
the intestine and grow to adult
forms [8].

The clinical picture of the di-
sease depends on many factors, in-
cluding duration and intensity of
helminthic infestations and the
general condition of a patient. As
a rule, the helminthiasis symp-
toms are nonspecific and varied.
In many respects this diversity of
clinical manifestations is associ-
ated with a huge list of potential
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pathogens: there are about 70 spe-
cies of helminths in Ukraine of more
than 250. Disorders of the hepa-
tobiliary system and the gastro-
intestinal tract in general are the
most often [8, 18].

The main phases of the clini-
cal course of intestinal helmintho-
ses are:

1. Acute. It manifests with com-
mon allergic and toxic reactions.

2. Latent. Usually it is not ac-
companied by clinical symptoms.

3. Chronic. Clinical manifesta-
tions are individual in nature.

4. Complications [6].

Making an accurate diagno-
sis followed by the proper treat-
ment is possible only on the basis
of the laboratory diagnosis data.
Usually feces, urine, duodenal con-
tents, bile, perianal and rectal mu-
cus, and blood are examined. It is
also important to study the sta-
tus of the patient’s immune system
as the nature of the immune re-
sponse is determined by morpho-
logical and biological characteri-
stics of each species of helminth.
In a specific immune response cir-
culating antibodies of classes IgG,
IgM, IgE and IgA are involved.
The IgE index increases significant-
ly since it is the exact antibody
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Antihelminthic medicines (P02)

Medicines used for trematodosis (P02B) Medicines used for nematodes (P02C) |
Quino(l)i(r;r(;gslrjir\:ztsiv(epsoggdAr)elated Benzimidazole derivatives (P02C A) |
Piperazine and its derivatives (P02C B) <

Tetrahydropyrimidine derivatives (P02C C) |«

Imidazothiazole derivatives (P02C E) <

Other antinematode medicines (P02C X) |«

Fig. The ATC classification of anthelminthic medicines

class, which together with eosino-
phils is the main defence mecha-
nism of human body from helmin-
thic invasion [6, 8, 16].
Pharmacotherapy of helmin-
thosis usually consists of the pre-
paratory stage, causal treatment
and correction of the consequen-
ces and complications of recent
helminthosis. Often the prepara-
tory stage requires intake of an-
tihistamines. It is also important

to follow the rules of a balanced
diet, the diet No. 4 is recommen-
ded [6, 8].

Foreign experience in the treat-
ment of helminthiases provides
two goals of pharmacotherapy: eli-
mination of helminths and elimi-
nation of the disease complica-
tions (anemia, metabolic disorders,
etc.). The therapy with medicines
(the level of evidence: B) on the
basis of mebendazole, albendazo-

le, thiabendazole, niclosamine, pra-
ziquantel is recommended. In ad-
dition, non-pharmacological treat-
ment is recommended; it inclu-
des good nutrition and personal
hygiene. It should be noted that
any phytomedicines or herbal the-
rapy as a whole are not mentio-
ned in the US and British guide-
lines for helminth pharmacothe-
rapy [19-21]. It is also indicated
that the existing medicines can-

Table 1
Antihelminthic medicines
biSeltEle] ATC-code | Name of the medicine Manufacturer (country) Age limits
substance
Praziquantel P02B AO1 Biltricid® Bayer Pharma (Gemany) From 4 years
Vermoxum Gedeon Richter (Romania) From 2 years
M I P02B A01
ebendazole 028 A0 Vermoxum?® Janssen - Cilag SpA (Italy) From 2 years
Aldazol Kiev Vitamin Plant (Ukraine) From 3 years
Zentel™ GlaxoSmithKline Export From 3 years
Albendazole PO2B AD3 Angelmin Agrofarm Ltd (Ukraine) From 3 years
Vorrmil Mili Healthcare (The United Kingdom) |From 2 years
Piperazine adipate CPP Lugansk JSC (Ukraine) From 4 years
Piperazine P02C BO1 P|per.azme adipate- Darnitsa PSC (Ukraine) From 4 years
Darnitsa
Helmintox Lab. Innotech International (France) From 6 months
Nemotsid™ IPCA (India) From 6 months
Pyrantel Bravo Healthcare Ltd. (India) From 6 years
Pyrantel P02C CO1 Pyrantel Polpharma | Medana Pharma S. A. (Poland) From 6 months
Pyrantel suspension | Kusum Healthcare (India) From 6 months
Pyrante; tablets Kusum Healthcare (India) From 6 years
Pyrantel-VISHFA Zhytomyr PF LLC (Ukraine) From 6 months
Dekaris Gedeon Richter From 3 years
L isol P02C EO1
evamisole 02CEO Levamizole-Zdorovie |Zdorovye Co., Ltd (Ukraine) From 14 years
Other medicines | P02C X10** | Tansy flowers Lektravy JSC (Ukraine) From 12 years
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not be used in pregnant women,

nursing mothers and children

under the age of 2 years.

Antihelmintic medicines must
meet the following requirements:
e high efficiency;

e awide range of actions;

e the absence of the resorptive
effect, the harmful effect on
human organs and tissue;

e arapid clearance from the body;

e the absence of cumulation.
Antihelmintic medicines should

provide the ovicidal (destroy eggs),

larvicidal (destroy larvae) and wor-
micidal (destroy adult worms) ac-

tion [6, 17].

In order to study the prospects
of developing new domestic me-
dicines to treat helminthosis on
the basis of the medicinal plant
raw material the main groups of
antihelminthic medicines of the of-
ficinal medicine, as well as the me-
dicinal plant raw material used in
the folk medicine were analyzed.

The analysis of medicines pre-
sented at the Ukrainian pharma-
ceutical market to treat helmin-
thoses was conducted on the basis
of the data given in the compendi-
um on-line and the Reference book
of medicines of Ukraine [7, 10].

The ATC classification of an-
tihelminthic medicines is given in
Figure.

The group of anthelminthic me-
dicines includes 19 medicines
(Table 1).

As it is seen from Table 1, 11
out of 19 medicines are manufac-
tured abroad (57.9%), whereas
only 8 drugs — in Ukraine (42.1%).
However, only one drug (5.3%) is
of the natural origin.

The age limits vary from 6
months to 14 years. Thus, the
lowest age limit from 6 months
is presented with 5 medicines
(26.3%), from 2 years it is allowed
to take 3 medicines (15.8%), from
3 years - 4 medicines (21%), from
4 years - 3 medicines (15.8%), from
6 years - 2 medicines (10.5%), from
12 years - 1 medicine (5.3%), from
14 years — 1 medicine (5.3%).

Price offers for these medici-
nes vary (Table 2). The study was
carried out based on the price at

ISSN 1562-725X
Table 2
Price offers on antihelminthic medicines
Name of the medicine The'number Thg lowest The; highest
of price offers price, UAH price, UAH
Aldazol 153 42.31 61.00
Angelmin 66 29.39 43.00
Biltritsid® 79 248.02 346.86
Vermoxum 239 30.73 108.58
Vormil 443 33.00 160.12
Gelmintoks 340 40.40 90.51
Dekaris 321 5245 98.08
Zentel ™ 274 29.97 59.04
Levamisole-Zdorovye 64 12.70 20.12
Nemozol 5 200.00 287.26
Tansy flowers 138 6.32 27.08
Piperazine adipate 55 3.81 6.13
Pyrantel 377 10.35 145.00

http://medbrowse.com.ua/ site
database with price offers for Khar-
kiv and the Kharkiv region, inclu-
ding Internet pharmacies offers
with delivery from other regions
of Ukraine (as of 06.15.2016).
As can be seen from the above
data, price offers have significant
fluctuations. These fluctuations de-
pend on the dose, the dosage form
and the availability of several ma-
nufacturers. Further, more in-depth
market research of antihelmintic
drugs is planned in order to calcu-
late the average cost of treatment.

The main side effects of the di-
gestive system, the central nervous
system and allergic reactions of
some active substances of antihel-
mintic medicines are presented
in Table 3 [18].

In the folk medicine there are
a lot of prescriptions to treat the
different types of worms. Based
on the analysis of the folk medici-
ne formulations 11 medicinal plants
have been identified as promising
for creation of the complex phy-
tomedicine with the antihelmintic
activity (Table 4) [1-3,9, 11-15].

Table 3
The main side effects of some antihelmintic medicines
Medicines of
v = (9]
v IS & — b S
A = N

Side effects N © 2 b s B
© © E = = Eo]
o < © o c
v o = N ]
o e} > & N o
o [} 2 © =
b= o <
Nausea + + + + + +
Vomiting + + + + + +
Pain in the epigastrium + + + + + +
Diarrhea + + + + +
Allergy + + + + +
Dizziness + + + + +
Headache + + + + + +
Impaired hepatic function + + + +

Fever + +
Drowsiness + + +
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The pharmaceutical company
Mili Healthcare (the United King-
dom) proposed the medicine Vot-
mil Phyto, which is composed of
kamala (Mallotus philippinensis),
false black pepper (Embelia ribes),
flame of the forest (Butea frondo-
sa), golden shower tree (Cassia
fistula), nut grass (Cuperus rotun-
dum), babchi (Psoralia corylifolia),
celery (Apium graveolens), garde-
nia (Gardenia gummifera), cara-
way (Carum carvi), wrigthia (Ho-
larrhena antidysenterica), pome-
granate (Punica granatum), tur-
meric (Curcuma longa), emblic
(Emblica officinalis). Of them 9 me-
dicinal plants (kamala, false black
pepper; golden shower tree, babchi,
celery, gardenia, caraway, wrigthia)
have antihelmintic properties. The
most of the plants presented are not
typical for Ukraine, and it makes im-
possible to use them as the medici-

nal plant raw material for develo-
ping domestic herbal medicines
with the antihelmintic activity.

Therefore, it can be conclu-
ded about the relevance of deve-
lopment of medicines based on the
medicinal plant raw material for
treating helminthoses. These me-
dicines should provide the com-
plex antihelmintic action, have low
toxicity, good tolerability, and do
not cause allergic reactions. Crea-
tion of herbal medicines to treat
helminthoses is of particular cur-
rent interest in pediatrics since
most medicines of the synthetic
origin have many side effects, con-
traindications for use in children.

CONCLUSIONS

1. The characteristics of hel-
minth infections of the digestive
system as one of the most com-
mon diseases in the world are pre-
sented. The main approaches to
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the pharmacotherapy of helmin-
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OCHOBHI NIAXO0AU A0 ®APMAKOTEPAINIi TEJIbMIHTO3IB TA NEPCIIEKTUBU PO3POBKH ®ITOIPEINAPATIB
JJ1A IX TIKYBAHHA

K.B.Tos0u4ko, /I.L. BuwHescbka
HayioHaawHuiil ghapmayeemuyHuii yHigepcumem
Katouogi cao8a: eeabminmosu; papmakomepanisi; pimomepanisi; Aikapcbka pocAUHHA CUPOBUHA

IlapasumapHi ingekyii € odHi€er 3 HAlIbLILW 20cMpUX | AKMYa/abHUX NPoB/IeM CYyHacHo20 c8imosozo cycninbcmaa. [po oco-
6.1u8y akmyabHicms npob.aemu cgiduums motl hakm, wjo 6inbwicms 8UNadkie 3ax80pIOBAHHS HA 2e/bMIHMO3U cucmemu
mpas/eHHs1 npunadae Ha dimeli doOWKibHO20 MA MO/I00W020 WKIi/IbHO20 8iKY. Papmakomepanis 2esbMiHMO3i8 cucmemu
mpassieHHs1 nepedbavae nidecomos4ull eman, emiomponHe JIKY8aHHS Ma YCYHEeHHS YCKAAOHEHb NepeHeceH020 3aX80-
prosamusi. [Ipu ybomy eascauso dompumysamucs diemu. 3apy6ixcHi cmaHdapmu aiky8aHHs nepedbauaroms dea emanu
JIKY8AHHS: 3HUUeHHS 2eibMiHmis (npenapamu Ha 0cHO8I MebeHAa30.1y, a1b6eHda30.1y, miabeHdas30y, HiKJA03aMiHY,
npasikeaHmesy) ma ycyHeHHs yCKAAOHeHb NepeHeceH020 3axX80p8aHHs. [Jodamkoso pekomMeHIyEMbCs HegpapMako-
J102iYHe AIKy8aHHSl, sIKe N0/1s12a€ 8 3a6e3neveHHi N08HOYIHHO20 Xap4y8aHHs i dompuMaHHi npasua ocobucmoi eizieHu.
BimyusHsHull puHOK hpomuzesbMiHMHUX npenapamis hpedcmas/eHull AIKapcbKUMu hpenapamamu Ha 0CHO8i npasik-
s8aHmeJy, mebeHda3ony, an1bbeHdasoy, ninepasuHy, nipaHme.y, 1e8amizony i 00HUM npenapamom y 8uaas0i Aikapcbkoi
POCAUHHOT cupoBUHU — K8IMok nudicmo. binbwicms npenapamis yiei epynu supobasemucs 3a kopdoHoM (57,9%). Bikosi
o006MedceHHs sapitoomb 8id 6 mic. do 14 pokie. LJiHogi npono3uyii Ha hpomuzeabMiHMHI npenapamu Ko1u8awmscs 8
3asexcHocmi 8id do3ysaHHs, sudy sikapcovkoi popmu i supobHuka. HapodHa meduyuHa nponoHye 6e3niv peyenmia 04
60pomuv0OU 3 2e1bMIHMO3AMU HA 0CHOBI AiKapcbkoi pocauHHOi cuposuHu. Ha nidcmasi npogedeHozo aHaaisy nponucis
HapodHoi meduyuHu susHa1eHo 11 aikapcbKux pocAUH, AKI € nepcnekmusHUMU 0151 CMBOPEHHsl KOMNJeKCHO20 pimonpe-
napamy 3 npomuze/bMiHMHO0 AKMUBHICMIO.

OCHOBHBIE NOAX0AbI K PAPMAKOTEPAIINU 'EJIbBMUHTO30B U IIEPCIIEKTHUBbI PABPABOTKU ®UTOINPEIIAPATOB
1A UX JIEYEHUA

E.B.Tosnouko, /1L.U.BuwHesckas
HayuoHanawHblil hapmayeemuyeckuii yHugepcumem
Karouegsle cno6a: 2esbMuHmosbl; papmakomepanus; umomepanusi; 1eKapcmeeHHoe pacmumenbHoe cbipbe

IapazumapHule uH@pekyuu A8a310mcst 00HOU U3 Haubo1ee 0CMpbIX U AKMYANbHbIX NPOOAEM CO8PEMEHHO20 MUPOBO20
obwecmsa. Ocobyro akmyaabHOCMb npobaeMbl hod4epkusaem mom ¢akm, 4mo 6016WUHCMEB0 CAy4aes 3a60.1e80aHUSI 2e/1b-
MUHMO3aMU CUCMeMbl nNuwjesapeHusl npunadaem Ha demeli JOWKO/IbHO20 U MAAOWE20 WKO/IbHO20 8o3pacma. Papmakome-
panus 2e/IbMUHMO306 CUCMeMbl NuwesapeHus: npedycmampuseaem nod20mosumeabHulll aman, 3muomponHoe JeveHue u
ycmpaHeHue 0C/10X%CHeHUll nepeHeceHHo20 3a60s1esaHust. [Ipu amom eaxcHo cobarodams duemy. 3apy6bexcHble cmaHoap-
mbl eveHust npedycmampusarom 08a 3mand JAeveHusi: YHU4MoxceHue 2e1bMuHmo8 (npenapamsl Ha 0cCHoge MebeHda-
30410, anvbendasona, muabeHda3ond, HUKA03aMUHA, NPA3UK8AHMeAAd) U yCmpaHeHue 0CA0XCHeHUl nepeHeceHHo20 3a-
6os1e8aHUs1. [JonoaHUMENbHO peKoMeHdyemcsl Hedhapmakono2uyeckoe eyeHue, Komopoe 3ak/aiuaemcs 8 obeche4eHuu
NO/IHOYEHHO20 NUMAHUS U COB1I00eHUU npasua AUYHOU euaueHbl. OmeyecmeeHHbIl pblHOK NPOMUB02eAbMUHMHBIX Npe-
napamoe npedcmas./ieH 1eKapcmeeHHbIMU Npenapamamu Ha 0CHo8e npasukeanmend, MmebeHdasona, aabbeHdasoa,
nunepasuHa, nupaHmena, 1e8amu30/1a U 00HUM Npenapamom 8 gude J1eKapcmeeHHO20 pacmumeabHo20 Cblpbs — Yaem-
Kamu nuxcmol. BoaswuHcmeso npenapamos daHHoU 2pynnbl npoussooumcs 3a pybesxcom (57,9%). BospacmHble o2paHu-
ueHus eapvupyrom om 6 mec. 0o 14 sem. Ljenosule npedodceHUs: HA NPOMUBO2e b MUHMHblE NPenapamsl K0Ae6amcs
8 3agucumocmu om do3uposKu, 8uda sekapcmeeHHol gopmbl U npoussodumens. Hapodnas meduyuHa npedaazaem
MHOXCECMB0 peyenmos 015 60pbObl ¢ 2eAbMUHMO3AMU HA OCHOBE 1eKAPCMBEHHO20 pacmume/ibHo20 cbipbs. Ha ocHo-
8AHUU NPOBedeHHO020 aHAAU3a nponuceli HApoJdHOU MeduyuHbvl onpedeseHo 11 sekapcmeeHHbIX pdcmeHUll, Komopble
S8/110MCs NnepCNeKMUBHbIMU 0/151 CO30aHUS KOMNJAEKCHO20 humonpenapama ¢ Npomueo2eAbMUHMHOU AKMUBHOCMbHO.

Address for correspondence: Received in 10.10.2016
4, Valentynivska str., Kharkiv, 61168, Ukraine.

Tel. (97) 708-82-57. E-mail: tolochko.kv@gmail.com.

National University of Pharmacy
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BIAMIHHOCTI AHTUTPOMBOLHUTAPHOTI'O JIIKYBAHHA
I3 3BACTOCYBAHHAM ALHETHU/ICAIIINU/I0OBOI KUC/IOTHU

LA.3ynaneys, 0.€.3anpogaavHa*, €.d.I'pinyoes, I.A.Ompiuiko

HauionanbHuii papmMalieBTUUHUN YHIBEPCUTET
Y «HauionanbHu# iHcTUTYT Tepanii iM. JL.T.Masoi HAMH Ykpainu»*

Karouosi caosa: anmumpomboyumapHa mepanisi; ayemuicaniyuaoea Kucioma;
acnipuHopesucmeHmHicms,; iwemiyHa xgopoba cepysi

DIFFERENCES OF THE ANTIPLATELET TREATMENT WITH ACETYLSALICYLIC ACID
LA.Zupanets, 0.Ye.Zaprovalna*, Ie.E.Grintsov, L. A.Otrishko
National University of Pharmacy, SI “National Institute of Therapy named after L.T.Malaya of the NAMS of Ukraine”*
Key words: antiplatelet therapy; acetylsalicylic acid; aspirin resistance; ischemic heart disease

According to the statistical forecasting the cardiovascular mortality will be 25 million cases per year in 2020. Therefore,
the search for effective ways to treat and prevent cardiovascular diseases is the primary objective of the current medicine.
It has been shown that one of the main groups of drugs that positively affect the duration and quality of life, are antiplate-
let agents. Acetylsalicylic acid is an antiplatelet agent that is most widely used for both the primary and secondary pre-
vention of cardiovascular diseases. This article discusses the problems of aspirin resistance, possible ways to improve the
efficacy and safety of acetylsalicylic acid therapy, the impact of gender on its effectiveness, and others. There is the need for
further development of methods for determining the mechanisms of formation of sensitivity and the rational prescription
and correction of the therapy with acetylsalicylic acid.

3ano6ira1—n—m nporecaMm
TpoMOGOYyTBOpPEHHS, MiJiBU-
IleHHs] aKTUBHOCT] aHTUTPOM6GO-
LUTApHOI Teparlii — 0/ Hi 3 HeBUDI-
[IeHUX MPo6JIeM y JIiKyBaHHI 3a-
rOCTpEHb illleMiyHOi XBOPOGH cep-
ug (IXC) [1, 5,7, 23].
Tpom60oyTBOpEHHS Ha OBepX-
Hi JlecTabislizoBaHOil aTepoCKJie-
POTUYHOI GJISAIIKYU € TPUYUHOIO
He JIMLIe TOCTPUX CHUTYyaLil.
JlocTaTHs KiNIbKiCTb pO3pUBIB 6J151-
mok: y 10% BunazKis, a npu 1y-
KpOBOMY ZiiabeTi i 6isiblie, HiXK y
20% npoTiKalTh aCUMIITOMHO 3
HaCTyIIHUM YTBOPEHHSAM iHTpa-
MypasIbHUX TPOoM6iB. Lle mpusBo-
JUTDb 10 IPOTPeCyBaHHA CTEHO-
3iB, a TPOMO, 1[0 YTBOPIOETHCS,
3a MEeBHUX YMOB MOe IIBUJIKO
3MEHIUUTH POCBIT apTepil ax A0
[IOBHOI II OKJIIO3I1 | CTaTU IPUYHU-
HOI0 IOCTPOI KOPOHAPHOI HeJl0-
CTATHOCTI, ilIeMIYHOI'0 IHCYJIbTY,
[OPYIIEHHA Me3eHTepiaJbHOr0

KpOB0O06iry abo KpUTHUYHOI illre-
Mil KiHLIiBKH.

[laToreHeTUYHUI B3aEMO3B's1-
30K IIPOLIEeCiB aTeporeHesy i TpoM-
60y TBOpPEHHS [103BOJIUB CHOpMY-
JIIOBAaTH TEOPiI0 aTepOTPOM603Y,
Jle KJIFY0Ba pPOJib IPUAIIAETHCA
TpoMbouuTam [2]. BoHU nepun-
MU pearynoThb Ha PO3PHUB aTepo-
CKJIEPOTHUYHOI GJISIIKY i CTAaHOB-
JIITb OCHOBY /1151 OpMyBaHHS ap-
TepiasbHOro TpoMb6a. [Ipu pomy
Theilmeier G. 3i cniBaBT. B 0/jHO-
My 31 CBOIX JOCJIi>KeHb [10Ka3aB.,
1110 a/ire3ist TPOMOOLUTIB JI0 YIIIKO-
JDKEHUX JIITHOK eHJ0TeJiIo CIo-
CTepiraeTbcs paHille, HiX L Ji-
JITHKH MOXXYTb OyYTH BHUSIBJIEHI.
OfHak MOJIEKY/IAPHI MeXaHi3MH,
BI/I[TOBiJaJIbHI 32 aKTHUBALLi}0 TPOM-
OOLIUTIB IPH aTEPOCKJIePO3i, Aoci
e nepebyBaloTh Ha CTafil BU-
BUeHHS [2].

3a cyyacHHMMH ysIBJEHHSIMU
pOJIb TPOMOOIIUTIB HE 0OMENKY-

I.A.3ynaHeub — fOKTOP Mef. Hayk, Nnpodecop, 3aBigyBady kadeapu KniHivYHoT
dapmakornorii Ta kniHiYHoi dapmadii HauioHansHoro hapmaLueBTUYHOrO YHiBEpCUTETY

(m. XapkiB)

0.€.3anpoBanbHa — KaHA. Me[. Hayk, CTapLUniA HayKOBUIA CNiBPOBITHUK Biaainy
aTepockneposy Ta ilwemivyHoi xBopobu cepust 1Y «HauioHanbHWii iHCTUTYT Tepanii

iMm. J1.T.Manoi HAMH Ykpainun» (M. XapkiB)

€TbCS1 0COOUCTOIO y4aCTIO B Iep-
BUHHOMY remMocTasi. byayuu Haii-
MEeHUIMMH 3a po3MipoM popme-
HUMHU eJleMEeHTaMH1 KpOBI i ABJIA-
104M c06010 6e3’saaepHi dpparmMen-
TH LJUTOIJIa3MU MeTraKapiOLUTIB,
TPOMOGOLIUTH MaIOTh 6e3J1i4 QYHK-
IiH i ckTatHUE MeTabo1i3M. Cepea-
HsI TPUBAJIICTD KUTTS TPOMOOIIU-
TiB CKJIafa€ OJIM3bKO THXKHS
(6,9 = 0,3 gHi). Y MeMbpaHi TpoM-
OOLIMTIB JIOKaTi30BaHa 6e3J1i4 pe-
[[eNTOPIB, 3 IKUX 5 THUIIIB IVTiKO-
npoTteiHoBux penentopiB (GP I,
GPI1I,GPIII, GP 1V, GP V), penenrTo-
pHY [0 KoJiareHy, TpoM6iHy, ajie-
HosuHaudocoaty (AJD), katexo-
aMiHiB, CEpPOTOHIHY, TPOMOOKCA-
Hy A, (TxA,), dakTopiB aKTHBa-
1ii tpom6onuTiB, Fc-dparmenTy
iMyHOr/106y/1iHIB, KOMIIOHEHTIB
KOMILJIEMEHTY, IHCY/IiHY, a-aape-
HOpELLeNTOPH, PELeNTOPH 10 €H-
JlOTeJIiHY, a TAK0XK peLlelTOPOIo-
JIGHUX MPOTEIHIB, 110 3B’A3YI0Th i
YTPUMYIOTb Ha IOBEPXHi TPOMGO-
[[MTiB KOMIIEKCH (aKTOPIB 3rop-
TaHHS Ta iIHTErpuHiB, 1110 6epyTh
y4acThb Y KJAITUHHIN aaresii.
[IyckoBy poJib y mporeci ak-
THBAIil TPOMOOIUTIB HAK4aCTi-
uie BiJirparTh MOPYILUEHHH Lii-
JIICHOCTI CYyIMHHOI CTIHKH fK pe-
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3yJIbTAT TPaBMHU a60 BHACJiI0K
YUIKOJPKEHHA KaIlCyJld aTepo-
CKJIEPOTUYHOI OJISIIIKY (epo3is,
TpilllKHa, PO3PUB), 110 € NPUYHU-
Hoto nporpecyBaHHs IXC. Pi3Hi He-
3asiexkHi Mmefiatopu (TxA,, AL,
CEPOTOHIH, aZipeHastiH, TPOMOiH),
3'eIHYI0YUCh i3 BiAMOBiAHUMU
TPOMOOLUTAPHUMHU pelenTopa-
MH, BUKJHUKAIOTh KacKaji BHYT-
PILIHBOKJIITUHHUX PeaKLiil, 1110 Be-
AYyTb 10 aKTUBaLii aire30BaHuX
TPOMOOLIMTIB i mpo1iecy iXHbOI ar-
perariii. BaxxsnBy poJib cepe/t dak-
TOPIB, 1[0 BUBIJIBHAKTbLCS, Bifii-
rpaotb AJ® i TxA,, siki 3'eaHy-
I0OYHUChH i3 BiANOBIJHUMU peLell-
TOpaMH Ha Hea/ire30BaHUX TPOM-
GOLUTAX, AKTUBYIOTD IX, pEKPYTY-
I0YU THM CaMUM y Micle yIIKO-
JoKeHHs. Y pe3ysibTaTi B3aEMOoJil
TPOMOGOIUTAPHUX i MJIA3MOBUX
¢dbakTopiB y 30Hi reMocTasy yTBO-
PHOETBLCA TPOMOiH, 1[0 HABITH ¥
HeBEeJIMKUX [|03aX TPUTEPHO MiJI-
CUJIIOE IIpo1ecC arperaril.
JlokasnbHa npoAyKuis Ta/a6o
3BiJIbHEHHS TaKHX aroHiCTiB, IK
TpoMbGiH, TXA,, A/ID BUK/IMKAE KOH-
dopmaliiiHi 3MiHU Yy TPOMOOIH-
TapHUX MeMOpPaHHHUX peLenTo-
pax GP IIb/Illa, siki moTim omoce-
peayoTh GiHaIBLHUN Ta 06/TiraHT-
HUU eTamn arperauii TpoMm6o1u-
TiB, cTal09u QYHKI[IOHABHUM pe-
LENTOPOM [IJIsI TAKUX a/IT€3UBHUX
MoJiekyJ, ik iopuHoreH, ¢pibpo-
HEKTUH, BITpOHeKTHUH. [IpueHan-
Hs ¢pibpuHoreny go GP Ilb/Illa pe-
1enTopiB 3HaMeHye piHaNbHUI
eTar arperartjii TpoMGOIUTIB.
ApaxigoHoBa kuciaora ta AP
NpeJCTaBJIAKTD BiAilpaBHI TOY-
KU IBOX TOJIOBHUX LIJISIXIB, 1110 Be-
AyTb A0 arperanii TpoM60IMTIB
i TpoM603y Ta € MicleM [iii oOcHO-
BHUX Ipyl aHTHarperaHTiB.
TakuM 4MHOM, iCHYIOTB Pi3Hi
HIJISIXW arperarii TpoMOGOLUTIB,
aJie 1ie He 3’COBaHoO, IKUH 3 HUX
€ IOYATKOBUM i OL/IbII BOXKJIMBUM.
[Ipu aTepocKIepo3i 3MIHIOETD-
CA He TIJIbKU aKTUBHICTb TPOM-
601uTIB, ase i ix MoppoPyHKIio-
HaJIbHI BJIACTUBOCTI. [PyHTYIOUKCh
Ha 11ili Teopii, Tsiara S. 3i cniBaBT.
BBa)KAaIOTh, 1[0 TPOMOOIIUTH MO-
KYTb OYTU NPEIUKTOPOM Iporpe-
CyBaHHS KOpOHApOCKJieposy [2].

llle ogHa Teopist 3B’s13y€ 3a-
roctpeHHs nepebiry [XC 3i 3Mmi-
HOI0 CTaHy TPOM6GOLUTIB. Y Mipy
[IpOrpecyBaHHs KOPOHAPHOI XBO-
pO6U Bi/I0YBAETHCSA BUCHAXKEHHS
IXHIX I'paHyJI: y IJ1a3Mi MigBuIny-
ETHCS PiBeHb TPOMOOIMTAPHUX
¢dbakTopiB Npu 0IHOYACHOMY 3HU-
»KEHHI iX y TpOMOOIIUTaX, 0COOJTH-
BO PO3YUHHHUX MOJIEKYJI aAresil.

TpuBase pyiiHyBaHHS TPOM-
GOIMTIB BeJie 10 YTBOPEHHS Be-
JIMKOI KIJIbKOCTI MerakapioLuTiB,
1110 BOJIOZIOTh OI/IBIINM reMoCTa-
TUYHUM IMOTEHIiaJIOM, Hi’K 3BU-
YalHUU TpoMOOIUT. JlocaiKeH-
Ha McGill D.A. BugBuI0, 1110 Nna-
nienTu 3 IXC MatoTh Gisblli pos-
MipY TPOMOOLMUTIB i MiABUILEHY
arperayiiHy BiiNOBiAb Ha pi3Hi
CTUMYJIU, 0COBJIMBO aipeHaJtiH i
TPOMOiH, TPUIOMY 36i/bIIEHHS
CTyIeHs arperauii C1y>KUTb Map-
KEpOM BUPA3HOCTI aTEpPOCKJIEPO-
TUYHOIO YIIKOJKEHHS, 110 MiJ-
TBEP/PKYE POJib TPOMOOILUTIB B
YTBOPEHHI JIOKAJIbHUX 00CTPYK-
TUBHUX YIIKO/PKEHb KOPOHAPHUX
apTepil i roCTpUX KOPOHAPHHUX BU-
nazkis. A J.Martin BUCyHyB Teo-
pito, BIAMIOBIZIHO J10 IKOI caMe Me-
rakapiouuTy 3 IxX MiBULIEHOI0
byHKIiOHA/IbHOIO aKTUBHICTIO, a
He HaJIpUB MOKPHUIIKHU OJISAIIKHU €
MOXKJINBOIO TPUUUHOI0 TPOMOO-
YTBOPEHHA B KOPOHApHUX ap-
Tepidax, o NiATBepKye NpoBe-
JleHe HUM IpOCIIeKTUBHE J0CIi-
JoKeHHA [2].

Arperaunis — MexaHi3M LIBU/J-
KOro pearyBaHHs. CamMe UM I10-
ACHIOIOTHCA BUCOKI KOHLEHTpa-
1ii pibpuHOreHy B KpOBI i ib-
Hictb GPIIb/Illa Ha moBepxHi TpoM-
60LUTiB. IKOU B CTaHi «CIIOKOIO»
penenTop MaB BUCOKY CIIOpifHe-
HicTb f10 ¢i6pUHOreHy i dakTo-
pa Bisnie6bpaHaa, To TpoM60OYTBO-
peHHs1 O6ys0 6 Ge3nepepBHUM.
Aute B 310poBiii cyivHi yepes Bif-
CYTHICTb areHTiB, 1[0 aKTUBYIOTb
TPOMOOIUTH, LILOTO He BiZi0yBa-
€Tbcsa. JlaHi dakTopu BUIIIA-
I0ThCSl JIMIIE MPU YIIKOJPKEHHI
CYAVHHOI CTIHKU U y GiJbIIOCTI
BUIAJIKiB NMOB’sA3aHi 3 HaA3BU-
YallHO BHCOKOIO TPOMOOTEHHIC-
TI0O BMICTY aTepOCKJIEePOTHUYHOI
OJISAIIKY.

TakuM 9YuHOM, TPOMGOITUTAP-
HUM reMoCTas € OJJHUM 3 HalBaX-
JIMBILIMX YYaCHUKIB aTeporeHe-
3y Biji BUHUKHEHHS aTepPOCKJie-
POTUYHUX YUIKO/PKEHD 10 PO3BUT-
Ky aTepOTPOMOOTHYHUX YCKIIA/I-
HeHb. BUBUeHHS LIMX POLECIB BijI-
KPHBAa€E HOBI MOXKJIMBOCTI Mpodi-
JIAaKTHUKH i jiikyBaHH#A [XC.

[Ipo6sieMa npodiakKTUKU Ta
JIIKyBaHHS aTePOTPOMOOTUIHHUX
YCKJIaIHEHb JIaBHO 1 aKTHBHO 06-
FOBOPIOETHCA MPOBIHUMU CHELLi-
alicTaM¥ KapZioJIoriYHoro cmiB-
TOBapUCTBa. Pe3ysibTaToM 111X 06-
rOBOpEHbB CTaJIU OIy6.JIiKOBaHi 1ie
B 2004 p. pekoMeH1alii AMepu-
KaHCBKoIi Kosterii jiikapiB (The Se-
venth ACCP Conference on Anti-
thrombotic and Thrombolytic The-
rapy: Evidence-Based Guidelines)
i EBpomnelicbKOro KapziosoriyHo-
ro TopapuctBa (Expert Consen-
sus Document on the Use of An-
tiplatelet Agents. The Task Force
on the Use of Antiplatelet Agents
in Patients with Atherosclerotic
Cardiovascular Disease of the ESC),
B SKUX BUKJIAJAl0ThCS OCHOBHI
NPUHLUUNONA TNpPOBEeJeHHS aHTH-
TpoM60THUYHOI Teparii [9, 10, 24].
JloMorTuca MakcuMaJIbHOTO edek-
Ty B 3a1106iraHHi aTepOTPOMO03y
IIpY MiHiMaJIbHOMY PU3UKY pPO3-
BUTKY KPOBOT€eY — OCHOBHA MeTa
AHTUTPOMOOTHUYHOI Teparmii.

Haii6isbin J06pe BUBYUEHUM
i IIMPOKO PO3MOBCHKEHUM aH-
THAarperaHToM € aleTuJcalilu-
soBa kuciaora (ACK, acmipuH).
AneTHicasinyaoBa KUCI0TA € aH-
TUTPOMOOIUTAPHUM MPENapaTomM,
1110 HaNGi/NbLI IUPOKO BUKOPH-
CTOBYETbCA K [JIJ1 IEPBUHHOI,
TaK i /11 BTOPUHHOI mpodisiak-
THUKU CEPLIEBO-CYJUHHUX 3aXBO-
pIoBaHb [6, 33]. Y malieHTiB 3 BU-
COKHUM CyJIUHHUM DPU3UKOM, sIKi
npuMasy acnipuH, BijlaHayeHO
34%-e 3HMKEHHS YacTOTHU Heda-
TasIbHOT0 iHbapKTy Miokapza (IM),
25%-e 3HMKeHHS1 HedaTaIbHOTO
iHcynbTy i 18%-€ 3HMKEHHS Jie-
TaJIbHOCTI BiJi ycix npuuuH [11].

ACK peannisye cBiii edekT 1uis-
xoM npurHidyeHHs [10OT'-1-onoce-
peaKoBaHOro yTBopeHHs TXA,, KJii-
HIYHUM HaCJiKOM AKOI'0 € 3HU-
»KEHHsI Bi/IHOCHOT'O pU3UKY CMEPT-
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HOCTI BiJ cCepL,eBO-CyMHHUX 3a-

XBOPIOBaHb.

YHiIKa/IbHICTh TPOMOOLIUTAP-
Hoi LIOT" sik mimeni ACK ta mojie-
Ji aas BuBueHHs ¢yHknii LIOT
BHU3HAYAETHCA TUM, 1110:

e Y TPOMGOIMTAX iCHYE EAMHUM
MeTabOoJIIYHUH LIUISIX [TEPETBO-
PEeHHSA apaxiZIOHOBOI KUCJIOTH
33 y4acTI0 LMKJOOKCHUTEeHa-
3u Ha [I'H2, a moTim nig gieto
TPOMOOKCAaHCHHTA3u Ha TXA,,
MOTY>KHUM IHAYKTOp arpera-
1ii TpomM601UTIB (pHC.);

e eKcrpecis iHAynn6eabHoi pop-
mu [10T-2, gska 6 Mor/a cta-
TH aJIbTEPHATUBHUM JXKepe-
jgom [I'H2, y TpoMGonuTax
BIZICyTHS;

e yepes BiZICYTHICTb TPAHCKPHII-
I[ifHOT0 MexaHi3My B 6e3’s1/1ep-
HUX TPOMOOIUTaX HEOGOPOT-
He npurHiveHHq L[OI'-1 3ano-
6irae iHayKuil arperatii Tpom-
60LMTIB Yepes NIAX AA po-
TSAATOM yCbOTO MEPIOAY KUT-
Ts TpoMbonuTa (o 10 ai6).
OpHak BoHa BILIMBAE JIMIIE HA

O/IMH 3 6araTbOxX MexXaHi3MiB ak-

THUBAIlil TPOMOOIUTIB i Ia/IeKo He

3aBX/IM 3aXHUIA€ BiJi PO3BUTKY

aTepoTpoM603y. Yce Gisblie 3'sB-

JIIETHCS POOIT, Y AKUX PO3IVIsAia-

€TbCS Mpo6JieMa pe3UuCTEHTHO-

cti o ACK [8]. Enigemiosioriuni
JOCJIiIP>KeHHS TOKa3aJy, 10 MaJli
(Menme 160 mMr/mo6y), cepeaHi
(160-325 mr/m06y) i Bucoki (500-
1500 Mr/m06y) /1031 acmipyuHy YH-
HSITh eKBiBaJIEHTHI aHTUTPOMGO-
UTapHi epeKTH. ONTUMAJbHUM
€ no3yBaHHs B 100 Mmr, 10 epek-
TUBHO GJIOKY€E CUHTE3 TPOMOOKCa-
Hy A, (TxA,) fIK y 3l0pOBHX J10-
6pOBOJIBIiB, TaK i y XBOPUX HA
[XC i YUHUTH MeHIy racTPOTOK-
CUYHY [il0 Ha IIJIyHKOBO-KHILKO-
BUU TPAKT, 3HUKYIOYH WUMOBIp-
HICTb PO3BUTKY TreMOpariyHux
yCKJIaZHeHb. [[poTe 3a1M1anTh-
cs1 po36iXKHOCTI BiJHOCHO mep-
1101 034 Npenapary.

3a pe3ysibTaTaM{ MeTa-aHa-
JIi3y, 1110 BKJIIOYHUB Yy cebe 287 J0-
caimpkedb 1 6inbme 130 THC.
Mali€eHTiB, acnipuH y mo3i (75-
325 Mr/no006y) y namieHTiB 3 BU-
COKHMM pU3WKOM 3HUXKYBaB BiJl-
HOCHMUU PU3UK CYAUHHOI CMepTi
Ha 25%, yacToTy HedpaTaJbHOTO
indapkTy Miokap/a - Ha 33%, He-
daTasbHOrO iHCYBTY — Ha 25%
[22]. Y uinomy Hai6inbLINI ePeKT
acnipuHy crioctepiraBcd B rpyni
MALEHTIB, AKI IepeHec/n rocTpi
CY[AMHHI IOAII NPOTArOM OCTaH-
HiX 2 pOKiB, 3an106iraHHs CyJ1H-
HHUM IOJisIM CKJ1asio 36 BUIA/IKiB

Ha 1000 nmanieHTiB, a cepey, na-
IIEHTIB BUCOKOI'0 PU3HUKY (CTa-
6i/1bHA CTEHOKap/1isl, MUTOTJINBA
apuTMisl, 3aXBOPIOBaHHS nepude-
PUYHUX apTepiil) KiAbKICTb BiJI-
BEpPHEHUX CYJUHHUX KaTacTpod
ckJsana 22 Ha 1000 mauieHTiB.

Y KoXKHiH i3 IUX KaTeropii ad-
COJIOTHA KOPHUCTb BiJ| 3aCTOCYBaH-
HSl aHTUTPOMOOIMTApPHUX areH-
TiB icTOTHO nepeBakyBaJia abco-
JIIOTHUU PU3UK BEJIUKUX KPOBO-
Ted (reMopariyHuX yCKJIaJHEHb).
Xoua B 0Ci6 3 MEHIIIMM PHU3UKOM
CYAVHHUX MOJiN mpodinb Ko-
pUCTb/pPU3UK TaKOI IPEBEHTUB-
HOI cTpaTerii MeHIll BU3HAYEeHHUMH.

PesysibTaTy 3acTocyBaHHs ac-
nipuHY AJ151 IepBUHHOI Tpodiiak-
THUKU OyJIM He HACTIJbKU Nepe-
KOHJIMBI. {IK MoKa3aB npoBeJeH i
MeTaaHaJli3 6 POCIIeKTUBHUX PaH-
JIOMi30BaHHUX KOHTPOJIbOBAHUX Jl0-
CJIi/PKeHb, 1110 BKJIK0YaJIX B CYKYII-
HocTi 95456 xBopuX, edeKTHUB-
HICTb acllipyuHy MaJia iCTOTHI r'eH-
JlepHi ocobsauBocTi. Tak, 3acTocy-
BaHH#A acnipuny B 51342 xiHOK
CYIIPOBOKYBAJIOCS JOCTOBIpHUM
3MEeHUIEHHAM PU3UKY CYMU cep-
1[eBO-Cy/JMHHUX No/1iK Ha 12%, iH-
cyabTy Ha 17%, ToAl AK yacToTa
iHpapkTy Miokapaa (IM), cepue-
BO-CyJMHHA 1 3araJibHa CMepT-
HICTDb y XKIHOK, fIKi oZep>KyBaJiu
acnipuH, iCTOTHO He Bifjpi3HAIU-
csl BiJi rpyn NMOpPiBHAHHSA. Y TOH
Ke 4ac 3aCTOCYBaHH4 acliprHy B
44114 4o/10BIKIB CyIIpOBO/KYBa-
JIOCS1 JOCTOBIPHUM 3MEHIIEHHAM
PU3UKY CYMU CepLeBO-CYLUHHUX
nogii Ha 14%, IM Ha 32%, ane pu-
31K ilIeMiYHOTO0 iIHCY/IBTY B 0Ci0,
sIKi OTpUMYyBaJIY aclipuH, 6yB BU-
MM Ha 69%, a cepLieBO-CyUH-
Ha i 3arajibHa CMepTHICTb y I'py-
[1ax acnipyHy iCTOTHO He Bifpi3-
HAJIUCA BiJ TIpynl NOPiBHAHHA.
[Ipy nbOMy BUKOPUCTAHHS aCIli-
puHy K y xkiHOK (0,25%), Takiy
yoJi0BikiB (0,33%) cynpoBogxy-
BaJiocs goctoBipHuM (p<0,001)
36i/IbIIEHHAM PU3UKY BEJTUKUX
KpOBOTEUY.

Ille oavH MpoBeieHUN MeTa-
aHasi3 4 focaipKeHb 3 IEPBUH-
Hoi npodi/JlaKTUKU J1aB MiZiIcTaBy
NPUIYCTUTH, L0 JIIKYyBaHHSA ac-
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nipyHOM Ge3IevyHe Ta J0lliJibHe
TiZIbKW NPU PU3UKY KOPOHAPHUX
MOJIiH, 1110 CKJIaal0Th abo nepe-
BUIYy0Th 1,5% Ha pik.

TakuM 4MHOM, a6CONIOTHUN
PHU3UK CYAUHHUX YCKJIaJHEHb BU-
3Ha4ya€ KOPUCTH BiJ| 3aCTOCYBaH-
Hf aclmipuHy: YUM BUILE PU3UK
CYAUHHUX MOJAiH, TUM AOLiJbHI-
111e 3aCTOCYBaHHSA aclipuHY.

HesBakarouu Ha 0Be/ieHe He-
ob6opoTtHe npurHiyeHHs LOI-1 ac-
MipUHOM in Vitro, y 4aCTUHH Na-
Li€HTIB, fiKi npuiimanu ACK, cro-
CTepiraeTbCcd 3HWKEHA IHAWBIY-
asibHa BignoBiap Ha ACK (Tak 3Ba-
Ha, «acnipuHOPE3UCTEHTHICTb»
(AP)), mo npusBOAUTH 0 PO3-
BUTKY pelUJUBYIOYUX TPOMOO-
eMOOJIIYHUX CYAUHHUX MOJi# [3,
4,12,16, 18]. OnyH 3 MOXJIUBUX
MexaHi3MiB AP noB’s3y10Th 3 1o-
giMopdizaMoM reny, AsKUM Koaye
1HOI'-1 (PTGS1), o MoKe MPU3BO-
JUTH J0 3MiH CTPYKTypu ¢ep-
MeHTY ab0 pery/suii Horo cuH-
Te3y, nepefbayyBaHUM HaCJiJl-
KOM SIKOTO € HelOBHA Cympecis
ACK tpomb6o1uTapHoi [OT'-1.

OpHak NpUKoOM aclipyuHy He
MO>Ke MOBHICTIO 3aXUCTUTHU Opra-
Hi3M Bi/| pO3BUTKY CyIMHHUX Ka-
TacTpod. binblue Toro, npu yBax-
HOMY BUBUY€HHI Ipo6/ieMH y narti-
€HTIB OyJia BUsIBJIEHA pi3HA Yy T-
JIUBICTB A0 acnipyny [13-15,17,19].

Came TepMiH «acnipruHOpe3u-
CTEHTHICTb» MOXKe MiCTUTH B CO6i
KiJibKa OHATbH (KJiHiYHa, 6ioJ0-
riuHa, papmakoJioriyHa). Haitua-
CTille MifJ acnipUHOPE3UCTEHT-
HICTIO MalOTh Ha yBa3i peHOMeH
KapZAioBacCKyJIIpHUX pO3JaJiB y
naiieHTiB, AKi MpodilaKTUUHO
npuUMaloTh acnipuH [25].

Y Toii ke 4ac Patrono 3i cmi-
BaBT. MiZIKPECIIIOE, 1110 PELUAUBU
CYAVUHHUX NOJiK Ha TJIi NpUioMy
ACK noBuHHi 6yTH BU3HaAYeHI fIK
HeYyTJIMBICTb [0 JIIKyBaHHA 3a-
MiCTb pPe3UCTEHTHOCTI 0 acnipu-
Hy [29] i, okpim Toro apTepiaib-
Ha TPOMOOTHYHA NIO/1if y Nalli€H-
Ta MOXKe BiZl6MBaTH HEBJAYY Jii-
KyBaHHS B I[iJIOMY, a He «pe3u-
CTEeHTHICTb» 710 acnipuny. Kuiniu-
Ha HeBJaya Tepamnil acripuHoM
MoKe Oy TH MOB’sI3aHa He TiJIbKU

3 Hee(peKTUBHUM JIIKYBaHHSIM aTe-
pOTpoM603y, ajie ¥ 3 TOCTPUMU
CYAUHHUMHU CUTyaLliIMH, B OCHO-
Bl SIKUX JIEXWUTb eMOOJIIYHUHI
(TpoM6oeMbo.tis, MyXJIMHHU, KJa-
NaHHi npoTes3u Ta iH.) i 3ananb-
HUU (apTepii) xapakTep ypa-
>KeHHH.

Ha TenepimHii yac 3/iicHe-
HO TIJIbKM [|Ba eNieMioJIOTIYHUX
JOCJIIJP)KeHHA MOIIUPEHOCTI «ac-
NipUHOPE3UCTEHTHOCTI», ajie Bo-
HU HOCATb ONMCOBUM XapakKTep,
1110 JOIYCKA€E Pi3Hi TIIyMa4yeHHs.

ABTOpHY NiZIKPEC/II0I0Th HEOO-
XiJHICTb IpOBeleHHA paHLOoMi-
30BaHUX JOCJIHKEHD [TOIUPEHO-
CTi «aCMipUHOPE3UCTEHTHOCTI» i
BBaXKalOTh, 1110 B 6araTbox BUNa/-
KaX CTIHKICTb [0 aclipyuHy MoXKe
Oy TH BUKJIMKaHa MOro HeMPaBU/Ib-
HUM BUKOpUCTaHHAM [32, 35].

Ha nymky E.J. Topol pe3ucreHT-
HICTb [10 aCnipUHY € aKTyaJIbHOIO
npo6JiIeMOI0 OXOPOHU 3J0POB’s,
SIKiH, Ha 2KaJIb, IPU/IISIETHCS He-
JOCTaTHA yBara. 3rijHO 3 JaHHU-
MU MyJIbTUBapianiiHoOro aHaJsi-
3y KiJIbKICTb TPOMOGOLUTIB, BiK,
HasABHICTDb cepLeBOi HeJOCTaTHO-
CTi Ta acIipUHOPE3UCTEHTHICTb
He3aJIeXKHO acoLil0BaIMCA 3 PU-
3UKOM OCHOBHHUX HeCHpUATIU-
BUX BUIIQJIKIB IIpU TpPUBAJIOMY
cnoctepexeHHi [31].

[cHyI0Tb BKa3iBKH Ha Te, 110
OCHOBHI HeCIIpUATIMUBI KJIiHIYHI
NOAIL MPU TOCTPUX KOPOHAPHUX
CUHJpPOMaAX, IHCYJIbTaX i TpaH3U-
TOPHUX IlIeMiYHUX aTaKax i 3a-
XBOPIOBaHHSX NepudepuyHUX ap-
Tepilt MOXKYTb 6yTU Nepebaye-
Hi Ha miJicTaBi JesdKUX TeCTiB Ha
BUSIBJIEHHS «PE3UCTEHTHOCTI» J10
acripuny. OnHak y 6i/b11ocTi f0-
CJIiIPKeHb YUCII0 TaKUX MOAiN 6y-
JIO HE3HAYHUM, TOMY NOTPiOHi /10-
JaTKoBi pocuaimkeHHd. CTabiib-
HICTb pe3uCTeHTHOCTI [0 acnipu-
HYy TaKO0X He 6yJia BCTAHOBJIEHA.

3araJibHOBiZIOMO, 1110 papMa-
KOKiHeTHKa acCllipuHy Bifpi3HAa-
€TbCS Y Y0JIOBIKIB 1 kiHOK. biozo-
CTYITHICTb aleTU/ICAIIU/I0BOI KHC-
JIOTH BUILA Y KIHOK, Y HUX HXKYe
KJIIPEHC L1bOT0 JIIKapChbKOTI0 Ipe-
napary i 6i/blll TpUBaIUM nepiof,
J10r0 HaliBpo3Mazy. Y 40JIO0BIKIB

acnipuH NposiBJs€E GiNbII BUpa-
>)KEHUH, HXK Y KIHOK BILIUB Ha
arperatiiito TpoMGOIUTIB, 1[0 MO-
B’'SI3aHO 3 [i€I0 TEeCTOCTEPOHY.
OfHakK [0 CUX Mip HEe BCTAHOBJIe-
HO, HAaCKIJIbKHY BaXKJIMBI TaKi reH-
JepHi BIAMIHHOCTI [i/1 KJIIHIYHOI
npakTtuku [20, 21, 34].

[IpoBegeHi ocTaHHIM 4YacoM
JOC/IIPKeHHSI BUABUJIA Pi3HULIIO
edekrTy Bij npusHaueHHs1 ACK 3
MEeTOM NMePBUHHOI MpodinakTu-
KU Y YOJIOBIKIB 1 2kiHOK. [lepeiymo-
BaMH J10CJIi/I>KeHHS1 epeKTHUBHO-
cTi ACK y KiHOK cTaJI0 Te, 1[0 YuC-
JIO IOAiN y MpOBeJeHUX paHiule
JIOCJI[DKEHHSX caMe Y XKiHOK 6y-
JIO HE3HAYHMM, 1[0 HE JI03BOJIU-
JIO OTPUMATH CTATUCTUYHO 3Ha-
Yyl pe3y/bTaTH, a TAKOX iCHY10-
4i gaHi 1040 cTaTeBUX BigMiH-
HocTel B MeTaboJ1i3Mi castinuiia-
TiB [27]. [aHi ocTtaHHiX jocii-
JI’)KeHb, IPUCBSIYEHUX BUBUYEHHIO
pouii acmipvHy B IepBUHHIN NPO-
dinakTuLi y 310pOBUX *KIHOK, PO-
JEeMOHCTPYBAJIU BIZICYTHICTD CyT-
TeBOI posi ACK /1 nepBHHHOI
npodiJlaKTUKH CepLeBo-CyAuH-
HUX NOAIH Y XKIHOK.

[lauieHTH, 0 NPUHMAaIOTh aH-
THUArperaHTH, MalThb LIMPOKY Ba-
piabenbHicTh Bignmosizi, o Bij-
MOBi/Ia€ HOPMaJIbHOMY PO3MO/i-
ay. KniniuHi Hacaifku gaHoi Ba-
piaGesibHOCTI HeBifoMi, ajie mo-
TeHLilHO BaxkyiuBi. KuiiniuHi go-
CJi/P>KeHHS IOBUHHI BU3HAYUTH,
YM iCHy€ BUCOKUU PUSUK TPOMOO-
TUYHUX [IOJIN y MALliEHTIB 3 HU3b-
KO0 YyT/IMBIiCTIO (HU3BKOIO BiJI-
NOBiA/0) Ha pi3Hi aHTHArperax-
TH i Y4 HE MAKOTh NAL[iEHTH 3 BU-
paXeHOo1o BiANOBIiAA 0 MigBULLe-
HOTO pU3UKYy KpoBoTedi. AKio
TakK, TO B MallGyTHbOMY MOXKJIU-
Ba iHJAMBIAyali3allid aHTUTPOM-
6ouuTapHoOi Tepanii, BKJO4Yar-
YU J03yBaHHS aHTHUArperaHTa,
1110 OJHAK BUMAara€e MO>KJIUBOCTI
JIErKOI'0 1 BiATBOPEHOr0 BU3HA-
YeHHd CTyIeHd Bignosizi Ha Ji-
KyYBaHHSI 3 BUKOPUCTAHHSAM Me-
TOALY 3 [OBELEHOK 3JaTHICTHO
nepe6avyaTy KAiHIYHI TozAil.

Pe3roMyrouu BULLIEBUKJIA/IEHE,
MOXKHA CTBEP/IP)KyBaTH, 1110 HasIB-
HICTb IPONOHOBAHUX MiAXOAIB i
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METO/IUK CBiZIUHTD, 3 OJTHOTO GOKY,
PO BeJIMKWU iHTepec 10 pO3IJis-
HyTOI Npo6JieMH, a 3 iHIIOTO 60-
Ky — PO BiZICYTHICTb 3arajibHoO-

MPUHHATOrO CTaHAAPTY JIiKyBaH-
Hs1 [XC. Tomy nozgasbliia po3pobka
MeTO/iB BU3HAUYEHHSI MeXaHi3MiB
dopMyBaHHS YYTJUBOCTI JI0 ac-

MipHHY Ta Pal[iOHa/JILHOTO PU3Ha-
YeHH | KopeKlil Teparii 3a/1uiia-
€TbCS aKTyaJIbHUM 3aB/IaHHSAM Cy-
YacHoI KJIiHIYHO1 papMaKoJIorii.
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BIAMIHHOCTI AHTUTPOMBOIIUTAPHOT'O JIIKYBAHHA I3 3ACTOCYBAHHAM ALETUJICAJIIIIM/IOBOT KUC/IOTHU
LA.3ynaneys, 0.€.3anposaavha*, €.®.I'pinyos, I.A.Ompiwko

HayioHaawHuii ghapmayeemuynuii ynieepcumem, /1Y «HayionaavHutl incmumym mepanii im. JI1. T.Manaoi
HAMH Ykpainu»*

Karouosi cnosa: amumpomboyumapHa mepanisi; ayemu/caaiyu108a Kucaoma; acnipuHope3ucmeHmHicms; iwlemivHa xeopo6ba
cepys

32i0HO 3 daHUMU cMamMuUCMuU4H020 NPO2HO3YBAHHS Cepyeso-CyOUHHA cmepmHuicms Ha 2020 pik cseHe 25 maH sunadkis
Ha pik. Tomy nowyk epeKmueHUX WASXI8 NIKY8AHHSA [ npodinakmuKu cepyeso-cyOUHHUX 3aX80PH8AHb € NPIOpUMemHUM
3a80aHHAM MeOUYUHU Cbo200eHHs. [losedeHo, ujo 00HIEN 3 OCHOBHUX 2pyn npenapamis, IKi no3umueHo 8niusams Ha
mpusasicme ma AKicmb Hummsi, € aHmumpomboyumapHi azeHmu. Ayemu/icaniyu108a Kucaoma € aHmumpomoéoyu-
mapHuM npenapamom, ujo Hatibinbw WuUpoKo 8UKOPUCMOBYEMbCS AK 0/151 NeP8UHHOL, mak i 0451 MopuHHoOi npodinak-
muku cepyego-cy0UHHUX 3aX80p08aHb. Y HasedeHill cmammi 062080p0HMbCS NPobeMU acnipuHope3ucmeHmHocmi,
MOXMHCAUBT WASAXU Nid8UWeHHS ehekmu8HOCMI ma 6e3neKu 3acmocy8aHHs ayemu/caaiyun1080i Kuciomu, naus eeHoep-
HUX YUHHUKI8 Ha if epekmusHicmb ma iH. OkpecsaeHa HeobXxidHicmb nodaabwoi po3pobku Memodie BUSHAHEHHS MEXAHI3-
Mie popMmysaHHs yymausocmi y gunadKy acnipuHope3ucmeHmHocmi ma payioHa1bHo20 npusHayeHHs i kopexkyii mepa-
nii i3 3acmocy8aHHAM ayemus/icaniyu/1080i KUC10mu.

OT/INYUA AHTUTPOMBOILIUTAPHOTO JIEYEHUA C IPUMEHEHUEM ALIETHUJ/ICAJIMLIUJIOBOM KUCJ/IOTBI
H.A.3ynaney, O.E.3anposaavHasn*, E.®.I'punyos, H.A.Ompuwko

HayuoHnaawHblil hapmayeemuyeckuii ynueepcumem, I'Y «HayuoHaavHe1ll uHcmumym mepanuu um. JI.T.Manoti
HAMH YkpauHbi»*

Kaiouessle cn1o08a: aumumpomboyumapHas mepanusi; ayemuacaauyua08ast KUC10ma,; achupuHope3ucmeHmHoCms;
uwemuveckas 60/1e3Hb cepoya

Co21acHO OaHHbIM CMamucmu4ecko20 NPOZHO3UPOBAHUS cepdevHo-cocyducmas cmepmHocms Ha 2020 200 cocmasum
25 maH cayuaes 8 200. [loamomy nouck agpghekmusHbIX nymetl sieueHUs1 U npoPhuaaKkmuku cepdevHo-cocyducmobix 3a60-
Js1eeanull s8asemcsi npuopumemmotl 3adayeli MeduyuHsl Hacmoawezo. [lokazaHo, Y¥mo 00HOU U3 OCHOBHbIX 2pynn npe-
napamos, Komopble NON0HCUMENLHO BAUSM HA NPOOOAHCUMENLHOCMb U KAYECMB0 HCUZHU, A8AAHMCI AHMUMPOM-
6oyumapHbsle azeHMubl. Ayemuacaauyua08as KUCA0ma 6.151emcst aHmumpom6oyumapHblM npenapamoM, Komopuli
Haubo/1ee WUPOKO UCNO01b3yemcsl KaK 0151 Nep8u4Holl, mak u 04151 8MOpu4Holl npoduisakmuku cepde4Ho-cocyducmblx
3abos1esarull. B amoti cmamue 06cyxcoaromest npob.iemMbl AcnUPUHOPe3UCTNEHMHOCMU, 803MOJNCHbIE NYMU NOBbIWEHUS
agpgpekmusHocmu u 6e30nacHoCMu NpUMeHeHUs ayemu/1caauyua1080ll KUC10mbl, 8AUSTHUE 2eHOePHbIX PaKmopos Ha ee
agpdpekmusHocms u dp. 0603HaveHa Heob6xodumocms daabHeliwell paspabomku Mmemodos onpedeeHus MEXAHUZMO8
dopmuposaHus HyecmeumeabHOCMU U payuOHAIbHO20 HAZHAYEeHUs U KOppeKyUuu mepanuu ¢ npuMeHeHueM ayemu.ca-
AUYUA0B0U KUCAOMbL.

Anpeca g IMCTYBaHHSA: Hapidimia go pepaxuii 20.10.2016 p.
61039, M. Xapkis, np. JI. Masoi, 2.

Ten. (50) 953-95-88. E-mail: zaprovalna@mail.ru.

JY «HanioHanbHu# iHCcTUTYT Tepanil iM. JL.T.MaJioi

HAMH Ykpainu»
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KAPBOKCHUTEPAIIIA - IHHOBALIIHHUA METO/

Y KOCMETOJIOTII

A.B.KoHoHeHKo, C.M./I[poz2oeo3, H.B.I' puwenko*, /I.b.IeaHY UK,
H.A.Acadyaaaesa, A./L.LLImpoo6AsT**

HanjionanbHui papmalieBTUMHUN YHIBEPCUTET
Canatopii «lllaxTap», M. TpyckaBenp™
YKropo/JiCbKMM HallioHaJIbHUM YHiBepCcUTEeT™*

Kamwouosi cnoea: kapbokumepanisi; 8ya/eKucAull 2a3; Ko/azeH; Heo8aCKy/i3ayis; peeeHepayis

CARBOXYTHERAPY AS AN INNOVATIVE METHOD IN COSMETOLOGY
A.V.Kononenko, S.M.Drogovoz, N.V.Grishchenko*, L.B.Ivantsyk, N.Ya.Asadullaeva, A.L.Stroblya**

National University of Pharmacy, Sanatorium “Shakhtar’, Truskavets* Uzhgorod National University**
Key words: carboxytherapy; carbon dioxide; collagen; neovasculization; regeneration

Carboxytherapy is a new method of anti-aging treatments for the skin, which has clinically confirmed its efficacy and
safety, and has good prospects of application in cosmetology. However, there is no systematization of the information
about the mechanisms of action that can substantiate its use in cosmetics and pharmacy. Therefore, the aim of this review
is to study the mechanisms of action of local effects of CO, in cosmetology. In cosmetology the effect of carboxytherapy is
provided by multifactorial mechanisms of reflex hemosensor (the impact on chemoreceptors), mechanical reflex (Zecharia
zone-Ged, baroreceptors), biochemical (the change in the CO, concentration in the blood), which create the conditions
for the system of self-regulation and support in the skin. It is due to the polyvalent mechanism of action the CO, therapy
pharmacodynamics in cosmetology includes a variety of local and resorptive effects on the skin: increased vasodilation,
oxygenation, neovasculization of the blood- and lymph flow; restoration of elasticity and the skin turgor; smoothing of
photo-aging signs (the anti-aging effect); lifting and smoothing of wrinkles; relief of stress and skin fatigue; the qualitative
improvement of the skin texture; lighting and colour alignment; reduction of swelling and pastosity; strengthening the skin
around the eyes; the immunity restoration and removal of the skin inflammation (acne, rosacea); the antibacterial effect
(elimination of bacteria that cause acne scars); stimulation of angiogenesis and inhibition of melanogenesis; reduction
in the local adipose tissue (lipolysis); eliminatation of toxins; intensification of the sweat and sebaceous glands function.
Carboxytherapy helps when the signs of the skin aging (wrinkles and double chin) appear, contributes to the figure correc-
tion (cellulitis), eliminates many cosmetic defects (stretch marks, dark circles), and promotes to the skin restoration after

aggressive methods of rejuvenation and rehabilitation after burns.

JIOpOB’sl i Kpaca HepPO3pPUB-

HO MOB’s13aHi MiX c060I0.
[lIkipa Ha 06J/IMYYi i K] BKa3ye
Ha 3/10poB’s i Bik. TpuBasnii yac
HIKipy BBaXKaJIu OpraHoOM, KU
BUKOHYE NaCMBHY 3aXHCHY POJib,
aJsie CbOrOJHi BijoMo, 1110 WIKipa -
HaWOUIbLINKI OpraH, 110 3a6e3Ie-
Yy€ 3aXUCT Bif WKiAJUBUX daK-
TOpPiB HABKOJIMILIHBOTO CEpe/IOBU-
1[a: OpOToBIIUH 11ap enifgepmicy
(Bim xiMiyHUX i PpisuuHUX pakTO-
piB), clloJiydHa TKaHWHA JlepMHU
(Bim MexaHIYHHUX MOIIKO/KEHB),
KPOBOHOCHI CyIMHU (peryJsTo-
pu TeMmnepatypu). JlimpaTuuna
CHUCTeMa LIKIpHU BiZlirpae BaXk/u-

BY POJIb y MEXaHI3Mi IMyHOJIOT14-
HOTO cTaTycy [4, 6].

[lIkipa 6epe y4acTb y HalBaXk-
JIUBILIKX QYHKIiSIX OpraHiamy: Au-
XaHHI, peryJisliii Ternsia Ta iMyHiTe-
Ty, 0OMiHI pe4oBUH, CUHTe3i dpep-
MEHTIB i iHIIKUX 6i0JIOTIYHUX pe-
YOBUH, y MPOLIECi OYUILIEHHS Op-
raHiaMy Bi/ LIKiIJIMBUX TOKCHUHIB
i 3Bi/IbHEHHS BiJl 3aiiBO1 pigUHU.
Himeubkuit Buenui C.IImin Ha-
3BaB IIKipy «Halb6i/IbI1I0I0 eH/10-
reHHOI0 3a/103010». OTXKe, IIKipa
€ BOXXJIMBUM iHAUKATOPOM Opra-
Hi3My: Oy/b-SKi IOpYLIEHHS B Op-
raHi3Mi MOXYTb NPOSABJIATHCS Ha
mikipi [1, 5].

A.B.KoHOHeHKO — kaHA. hbapm. HayK, acucTeHT kacbeapu papmakonorii HauioHanbHoro

dapmaLeBTUYHOTO yHiBepcUTeTy (M. XapkiB)

H.B.IpuweHko — 3n06yBay kacdenpu dapmakonorii HavuioHaneHoro hapmaveBTUYHOro
yHiBepcUTETY, Nnikap-kocmeToror caHaTopito «LLaxtap» (M. TpyckaBeLpb)

A.J.lLTpo6nsa — kaHa. dbapMm. Hayk, JOLEHT kacdeapu papmaueBTUYHUX AUCLUNMIH

YKropoACHKOro HaLioHanbHOro yHiBepcuTeTy

3 BIKOM CyZJMHY IIOCTYIIOBO CTa-
I0Th Oi/IbILI KPUXKHUMHU, HeeJlaCTHY-
HUMH, IOTAHO JAOCTaBJSIOTh KH-
CeHb 10 KJITHUH, i opraHiam mno-
YUHAE CTPaXXJaTH BiJi KHCHEBO-
ro roJIo/lyBaHHs#, [0 IPUBOJUTh
J10 IIOpY1IeHb Ha KJIITUHHOMY piB-
Hi i /10 mepeA4acHOro CTapiHHA
wkipu. Kpim Toro, kosiv mkipa He
OTPUMYE A,0CTATHbO KUCHIO Ye-
pes3 HeiZieaJIbHY €KOJIOTII0 BeJIU-
KUX MICT, HellpaBUJIbHE Xap4yyBaH-
Hsl Ta CNOCi0 )KUTTA (Ma/I0pyXJIn-
BHUI), a TaKOX BIK, Ile € IPUYH-
HOI0 6araTb0X KOCMETOJIOTiYHUX
npo6JieM: aKHe, IOYEPBOHIHHS,
MO/ipa3HeHHs i MIrMeHTHI MJISIMHY,
PO3TSHKKH, LeJII0JIIT, IIcopias, eK-
3eMa, IIpaMH, TbMsSHUH KOJIip 00-
JIN4Y4Y¢, MILIKH MiJ 04KMMa, BUNa-
JiHHS BoJsioccs Toio [2,7,9, 23].

3arajsibHOBiOMUN GAKT: YUM
CTaplile CTaE JIIOAWHA, TUM CJ1ab-
KIIIMMU CTAlOTh NiJAKIpHI Kami-
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JISIPY, L0 TOCTa4al0Th KUCEHb KJIi-
THWHaM, a B [IOEJHAHHI 3 30BHIillI-
HIMHU CTpeCcaMHu Ta iIHIIUMH LIKIJ-
JIUBUMH BILJINBAMH BiI0yBaETh-
Csl 3HMPKEHHS 3aTHOCTI KJIITHH
LIKipU [0 pereHepalii i BTpaTa
HUMHU €JIaCTUYHOCTi, 06yMOBJIEe-
HOI 3HM)KEHHSAM BMICTy KoJare-
HY i KHCcHIO [4, 20, 39].

Y Bini 10 25 pokiB Npy»XHIiCTb
HIKipY € HAHUOLIbII OITUMAJIbHOIO
I Ma€ 3/1aTHICTH |0 LIBU/KOI pe-
reHepatii. /o 30 pokiB piBeHb KHC-
HIO B KaliJisgpax WKipU 3HWKYETh-
cs1 Ha 25%, 510 40 - Ha 50%, no-
YHMHAIOTh aKTUBHO NPOSABJIATUCH
3MOPIIKH, NePILi CJIiIu CTapiHHS,
KpiM TOro, 3’ IBJSIIOTbCs OABIN-
He migbopiaas i 06BUCII IIOKY,
no 50 - mimku mig ourma, Byrpi
i mirmenTHI maamu [11]. [icasa
60-TH POKiB 3MOPILKH MOIJIN6JII0-
I0TbCs1 (TOIIKO/PKEHHS KOJIareHy;,
nopyileHa MiMika); 3MiHIOIOTb-
Cs1 TOBIIIMHA (HepPiBHICTb, rOpOU-
CTiCTb), MaJIFOHOK (TOCUJIEHHS 260
3r/1a/PKeHHs ) 1 kostip mikipu (rmir-
MEHTallisl, COHYHeE JIEHTIro, cipo-
»KOBTHM BiATIHOK I T. iH.); 3HMXKY-
€TbCS 3BOJIOKEHICTD (CyXiCTb, Ai-
JISTHKY JIyIlleHHS], aKTUBHICTb CaJlb-
HUX 3aJ/103), IPYKHICTb i es1acTuy-
HICTb LIKIPH; 3MIHIOETHCA MIKPO-
LUPKyLid (3'BASAI0THCA CiTOU-
KU pO3LIMPEHUX CYAUH i Habps-
kJictb) [5, 11, 13]. Bce nepepa-
XOBaHe — pe3yJIbTaT CTapiHHA i Ii-
MOKCil opraHi3my i mkipu. Kpim
TOrO, y IHOK y IepioZ MeHona-
y3H LIKipa NOYMHAE KapAUHaJb-
HO BHU/]03MiHIOBaTHUCh Yepe3 3HU-
»KeHHs1 0OMiHHUX POLeCiB y Aep-
Mi. ToMy yCcyHeHHS 3MOPILIOK He-
006Xi/JHO MOYUHATHU 3 MOMEHTY iX
TN0SIBY, @ He YeKaTH, JJOKU BOHU T10-
[IMOJIATBCS, TaK SIK Mic/st 25-TU po-
KiB 1IKipa noTpebye rIMb0KOro
3BOJIOXKeHHS i okcureHartii [5, 18].

MaJioBioMOI0 TPUUHHOIO 3BY-
YKeHHA CYMH I TTOKCII € 3HMKEH-
Hs BMicTy B kpoBi CO,: nedinut
CO, € nepuI0k0 CXOAMHKOIO 10 Ti-
noxcii i mpouecy crapinus [3, 27].

OTxe, IKipa )KUBe 3a CBOIMU
¢disio/OriYHUMH 3aKOHAMH i 0/1-
HUM 3 HUX € «BUPAXKeHe MOIIKO-
JPKeHHs BeJle A0 11 IOCUJIEHOT 0
BifHOBJIeHHSI». OCTaHHE, CbOTO/I-

Hi B NMOBHi# Mipi MoXke 3a6e3me-
YUTH KapOOKCUTEparis.

Ha TenepiuHiii yac kap6oKcH-
Tepamnid € OAHUM i3 IIUPOKO BU-
KOPUCTOBYBAaHUX METO/iB y Me-
JUILIMHI, B T. 4. i B KOCMETOJIOT1],
1110 OTpHMaJia odilliliHe BUBHAH-
Hs B 6araTbox KpaiHax cBiTy [23].
[llupoTa ¢isionoriynoi poai CO,
B peryJslil MexaHi3MiB BCiX CH-
CTeM Oprati3my (AuxaabHoi, Hep-
BOBOI, BU/IIJIbHOI, KDOBOTBOPHOI,
iMyHHOI, r'yMOpaJibHOI) BiJirpae
BaXXJIMBY POJib y NiATPUMIi HOP-
MaJIbHOTO FOMeOCTa3y B LIKipHUX
nokpuBax [27, 39, 41]. Kap6okcu-
Tepartisi — iIHHOBal[iMHUH JIIKyBaJIb-
HO-IPOIIAKTUYHUIN METOJ, cep-
THUiIKOBaHUH B EBPOIIi: iHBa3UB-
HOT'0 Ta HEiHBAa3WBHOTO BBE/IEH-
Hs CO,, [0 He MOTpebye aHecTe-
3ii, € 6e3MeYHUM, JOCTYIHUM i
3pYyYHUM AJs nauieHTa [16, 42].
Pa3oM 3 TUM cucTeMaTH30BaHOI
iHdopmMarii mpo MexaHi3Mu Aii, sKi
OOI'PYHTOBYIOTH I 3aCTOCYBaHHS
B KOCMeTOoJI0Tii Ta dapmaiiii, Bij-
cyTHi. ToMmy MeTO0 1JaHOTO OIVIfI-
Jly € OGI'PYHTYBaHHSI MeXaHi3MiB
JiokasbHOI Ail CO, B KOCMeTOJI0Til.

Y michi migmkipHoi a6o BHyT-
pimHbOMIKipHOI iH' €Kil CO, BU-
HUKA€E CTaH JIOKaJbHOI rinepkar-
Hil, 1110 BUKJINKAE PO3IINPEHHS Cy-
JIMH, IPUILJIVMB KPOBI 3 KUCHEM, 110-
cuJIeHHs JiimboapeHaxy, KpoBO-
00iry, 06MiHHHMX IpOILECIB 1 BU-
BeJleHHs MeTaboJ1iTiB, TOKCHHIB
I MDKKJIITUHHOI PiIUHU 3 KJIITHH,
MiJBUILEHHS IBU/KOCTI pereHe-
pauii KJIiTHH, ClIa/IF0BaHHA KUPIB
i 36i/IbllIEHHSI CUHTE3y KoJiare-
HOBUX BOJIOKOH [14, 18, 22, 24],
3MeHILEeHHS 3aNa/IbHUX NPOLECIB
LWKIpHOTO NOKPHUBY. AKII0 iHBa-
3UBHO BBeJIEHU! BYIVIEKUC/INN Ta3
BUBOJUTbCS 3 OpraHiaMy 4yepes
JiereHi Bxke yepe3 30 XBUJIMH, TO
NpolLlecH, 3anylleHi HUM, CIOBI-
JIbHIOKOTHCA TIJIbKA HalPUKIHII
2-3 TxH4 [26].

OaHOYacHO 3 aKTHBI3alli€lo
KpOBOOOIry i mocuieHHsIM 00MiH-
HUX MNPOLeCciB y WKipi mijg aieto
BYIJIEKHCJIOTO ra3y BiJI0yBa€Th-
Cs1 CTUMYJIIOBAaHHS QYHKIIN dib-
po6.J1acTiB WKipH (KJIITHH COYY-
HOI TKaHWHHU), 1[0 BIVIMBAIOTh Ha

CHUHTE3 KOJIareHy, eJJaCTUHY i ria-
JIYPOHOBOI KMCJIOTH. CaMe 11i Tpu
CKJIaZI0Bi 6araTo B 4oMy Bifo-
Bi/lalOTh 3a CTAaH UIKIpU: YUM IX
Oi/Ibllle, TUM Kpallle BUIVISAAE 1IKi-
pa[22,37]. 3 BikoM mpoliec yTBo-
PEHHS BJIACHOI riaJlypOHOBOI KHUC-
JIOTH YIIOBIIBHIOETHCA. Lg kuco-
Ta (MPUPOJHUM NoJTicaxapya) mif-
TPUMYE HeobOXiJJHe 3BOJIOYKEHHS
TKaHWH 3aBJAKU 3J4aTHOCTI yTpU-
MyBaTHU BEJIUKY KiJIbKICTb BOJU.
BoHa € 0CHOBHMM KOMIIOHEHTOM
MIXXKJIITUHHOTO MaTPUKCY 6i/1b-
IIOCTi TKAaHUH, 0COBJIMBO MIKipU
[4, 16]. EnacTuH, pibpuHoreH i Ko-
JIareH € OCHOBHUMH eJleMeHTaMu
BOJIOKHUCTOI JlepMU: eJIaCTUYHI
BoJIoKHA (1-3%) TakoX BiANOBI-
JaloThb 3a NPYXKHICTb LIKIpH, a KO-
jareHoBi (70-80%) - 3a 1i miu-
HiCTb i CTiHKIiCTB 10 MeXaHiYHUX
BILIUBIB [28, 36].

BMmicT Kos1areHy Ha OJMHULIO
U101 MIKipy 3MeH1yeTbcst Ha 1%
Ha PiK IPOTATOM KUTTH: HAABHICTb
BYIVIEKHCJIOTO ra3y aKTUBI3yE epu-
TPOLUTH JJIS JOCTABKU BEJIMKOI
KIJIbKOCTI KMCHIO [10 KJIITHH, a Ta-
KOX Ipoliecu MeTaboJii3my, pe-
reHepatii ta ¢isiosnoriuni GpyHkK-
il mkipu Ha piBHI KAiTHH [28].

Kapb6okcuTepanis gomnomarae
3a6e3MeYruTH 3BOJIOXKEHHS LIKi-
py, TpUBaJie i ocTiliHe BUPOOJIeH-
Hl KOJIareHy, MiZiBUILLeHHS 11 IpyXK-
HOCTI Ta €JIaCTUYHOCTI 3araJibHol
MiATSKKYA 006JIMYYS: MTOBIK, LK i
mui (sipTunr-edexr). [licas ce-
aHCIB MalliEHTHU BiJ3HA4YalTh
3MeHILEeHHS BUPa3HOCTi 3MOPLIOK
i CKJIaZl0K Ha 06JIMY4i, 03HAK KY-
neposy (CyAUHHUX CITOYOK),
3MeHIlIeHHs KiJIBKOCTI 1 ACKpaBo-
CTi IrMeHTHUX IJIIM Ha LKipi [10,
11, 42]. Y TkaHMHaX UIKipH, HAaCH-
yeHUX 3a gonoMororw CO, KucHeM,
HiABUIIYIOTbCSA 06MiHHI Mporie-
CH, 110 NIPU3BOJUTH J10 [TOCUJIEH-
HA NPOLeCy pereHepauii B LIKipi,
J0 11 MiATSXXKY Ta OMOJIOIXKEeHHS
(yipTHHT-eeKT: 3BOJIOXKEHHS IIKi-
py, maBuIeHHs ii Typropy). Bei
i epeKTH CpUSAIOTh 3MEHIIEH-
HIO BUPA3HOCTI 3MOPILOK i po3-
TSAXKOK. BCTaHOBJIEHO, 1110 BHYT-
piHbowKipHi iH’eknii CO, cko-
pOYYIOTh 3MOPILIKHU Kpalle, HiX
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nigukipHi in'eknii CO,. Tak camo
in'ekuii CO, MpUCKOPIOIOTH 3aro-
€HHA LIKipH, aKTUBI3YIOTh Miclie-
Bl 3aXMCHI IPOLIECH | OHOBJIIOIOTh
i [8, 13, 16, 30]. [Ipu kap6okcu-
Teparnii TpOMOOIUTH 3BiIJIbHAIOTH
¢dbaKTOpU poCTy, MIPUCYTHI B aJIb-
¢da-rpaHysax, 1110 CIIpHUsIE MPUCKO-
peHHIO penapalii i pereHeparii
TKaHWHU KJIITHHHOTO €HJI0TeJIiI0.
B pe3ysibTaTi crioctepira€Tbcs BU-
paKeHUH eCTETUYHHU pe3ysibTaT
KapOoKcuTeparil: migBUIlEeHHS
eslacTuyHOCTI. ToMy Kap6oKcuTe-
paris B KOCMETOJIOTII — 11e METO/]
JIIKyBaHHSI BiJl MPOTHUJIEXKHOTO:
Bi/] rinokcil i rinepkanHii 1o omMmo-
JIOJ>)KeHHs 1iKipu [1, 20, 41].
Byrnekucaui ra3 - HalkBax-
JIUBILIWNA NPOJYKT K TUHHOTO JU-
XaHHS, TOMYy B OpraHi3Mi Jitou-
HM icHYE€ 6e3J1iy XeMo- i MexaHo-
CeHCOopiB, gKi peecTpyOTb Horo
KOHIIeHTpalito. 3pylleHHs piB-
Hs CO, B TKaHUHAX Y Oy b-IKUN
0iK BiJ| dpiziosiorivHNX 3HaYEHD 3a-
MyCKa€ YMC/IEeHHI peaklii afjanTa-
uii (pedsiekTopHi i 6GioximMiuHi).
Y BignoBigb Ha ctumysanito CO,
XeMOCEHCOPHHUX KJIITHUH Yy LIKipi
BiJIOYBA€ETHCSI MOJIMIIIEHHS MiKpO-
MUPKYJIsLii, TiMPOTOKY i ;e TOKCH-
Kallii, K/IiTUHHOI postidepariii, me-
pebiry iMyHHUX MPOIIECIB, a TAKOXK
BiZJHOBJIEHHS pelenTOPHOI Yy T-
JIMBOCTI; NiIBUILleHHS IBUKO-
CTi oKkcureHallii TKaHUH (T0JIiM-
myeThbcs nep@ysis TKaHUH 32 pa-
XYHOK JIOKaJIbHOI AuJiaTanii cy-
JIMH | HaCUYeHHA TKaHUH IIKipU
KHCHEM ); IIOCUJIEHHSI TPOLIECIB Me-
Tab0J1i3My, penapaliii Ta CHHTe-
3y KOMIIOHEHTIB MIXKJIITUHHO-
ro MaTpUKcy (akTuBalis ¢pi6bpo-
osaactiB) [3, 12, 19, 28, 29].
OTXxe, MexaHi3M eCTeTUYHO-
ro BiuBy CO, OB’sI3aHUM 3 Ti-
NepKarHi€w, AKa iHAYKYyE Kalli-
JITPHUH KPOBOOOIT i MpaBHUii 3CyB
KpPUBOI KHCHeBOl Jucouianii
(epexT Bopa). OcTtanHi# edeKT
MO3UTHBHO BIJIMBAE Ha ¢izioso-
riYHI OKMCHIOBAJIBHO-JIINIONIITUY-
Hi mponecu [21, 41]. Kpim Toro,
aKTHBALlisl KPOBOOGITyY CITPUSIE TPO-
odini i okcurenarnii gepmu i mia-
LIKIpHOI YKUPOBOI KJIITKOBHMHH, T10-
JIIMILIEHHIO MPOLECY JIIMOJI3Y i BU-

Be/leHHS TOKCUHIB. CUHTE3 HOBUX
MOJIEKYJI MDKKJIITUHHOT'O MaTpU-
Kcy (He TiIbKY KoJIareHy, asie i ria-
JIYPOHOBOI KHCJIOTU Ta €]1aCTH-
Hy) NiJIBUILYE B'I3KO-€JaCTUYHI
BJIACTHMBOCTI JIepMHY, CTYIIiHb 3BO-
JIOXKEHHH 1 NiIBUILLEHHA Typropy
mKipu (JTiGTUHT-eDEKT) i B pe3yiib-
TaTi 3MEeHIIIYE BUPXKEHICTb 3MOP-
110K i po3Tsikok [15, 21, 23, 28].

TakuM YMHOM, J1is1 KapOOKCH-
Tepanii B KocMeToJ10Tii 3a6e3re-
4Yy€eThCs 6araToGakTOPHUMU Me-
XaHi3MaMU B opraHi3mi: pedJiek-
TOPHO-XEMOCEHCOPHUMHU (BILJIUB
Ha XeMOpeLeNnTOpH), MexaHOo-pe-
duiekTopHUMHU (30HU 3axapisi-Tesa,
6apopelnenTopu), 6ioxiMiyHUMU
(3mina koHyenTpatuii CO, B kpo-
Bi), IKi CTBOPIOIOTH ¥ IIKipi yMO-
BU [IJIl CUCTEMHOI caMOperyJis-
uii i migTpumkw [16, 21, 23].

Panime B kocMeToJ10TiI He ic-
HYBaJIO aJIbTEPHATHUBH Xipyprid-
HUM HiaTsSKKaM i 6iedapomnia-
CTUIi, aJie Ha TeNepillHii yac aib-
TEPHATHBOIO OCTAHHIM € KAPOOKCH-
Teparlis, IKa BUPIlIye Mpo6JieMu
LIKipu Ha piBHi kiituH: CO, «11po-
BOKY€» BUPOOJIEHHSI KOJIAareHy, 110
€ OJIHUM 3 BOKJIMBUX MEXaHI3MIiB
oMoJiopKeHHs mwiKipu [17, 23].

Kap6okcuTeparisi - cyqacHUH
MeTOo/] BUpillleHHs1 6araTbox KOC-
MeTOJIOTiYHUX NMpo6JieM 3a 0-
nomoroto CO,, AKUM JomoMarae
NIPY MOSABI O3HAK CTApiHHSA LIKi-
pH, CripHsie KopekKil gpirypw, mo-
3BOJISIE GOPOTHUCH 3 IIEJIOJIITOM,
yCyBa€ 6araTo KOCMETUYHUX Jie-
deKTIB, CITpUSIE BiTHOBJIEHHIO IIKi-
PH ITiCJIs1 iHCOJIAIL, @ TAaKOK O1J/IbII
arpecMBHUX MeTO/iB OMOJIO/[KEH-
Hsl i B peabitiTanidiHui nepioz mic-
JIs1 3aro€HHS omiKiB. OcoGIMBO Ya-
CTO KapboKcHTepanito peKoMeH-
JYIOTb SIK HaH6i/IbII e PEeKTUBHY
npoueaypy AJis SMeHILIeHHs PO3-
TAXKOK, TEMHHUX KiJI, SMOPILOK i I10-
JBiHOTO nig6opiaAd, mic/s Jino-
cakuii [2, 26, 33, 34].

CTpuii (PO3TKKU) € 0COBJIH-
Boo GpopMoIo py611eBOi TKAHHHH,
sIKa YTBOPIOETHCA B pe3y/bTaTi
TMOIKO/I>KEHDb (PO3PHBIB) KoJs1are-
HOBHUX i €JJaCTUHOBUX BOJIOKOH.
CTpui 1O0CUTh MOTAHO MiJIAETh-
41 JIIKyBaHHIO Oy/1b-AKHMU METO-

JlaMH KOpeKllii; Hi monyJ/isipHa Tep-
anig peTUHOIlaMHU, Hi MiKpozep-
Mabpaais, Hi siazepHe 1LTidpyBaH-
HA LIKIpU He JalTh iCTOTHOIO
edpekTy. Kpim Toro, jiazepHa Te-
partisi € Heb6e3Me4vHolo J1Jis JIoAel
3i cMarvIsSiBoO HIKIPO a60 3i CXUJb-
HICTIO /10 OHKOJIOTTYHUX 3aXBOPIO-
BaHb. ¥ CBOIO yepry, iHBa3MBHa i
HeiHBa3MBHa KapOOKcUTepanis
€ €IUHUM JIOCTYIHUM, ePEKTUB-
HUM i 6e3ne4yHUM (JJ1s BCiX TH-
MiB MIKipY) METO/I0M JiKyBaHHS
HOBHUX i CTapUX PO3TSKOK LIJISA-
XOM BiJIHOBJIEHHS KOJIareHOBUX
BOJIOKOH [7, 29, 31]. Biaryku na-
LIEHTIB PO KapOOKCcUTEParito Mpr
CTPUSX MO3UTHBHI B 98% BUnaj-
KiB [23]. [loBHicTIO M036aBUTHCSI
Bi/] PO3TSKOK HEMOXKJ/IUBO, aJle Pe-
aJIbHO 3pOOUTH IX MEHLI MOMiT-
HUMU. BBe/leHHS BYIJIEKUCJIOTO
rasy B 00J1aCTb PO3TSKKU [TOKpa-
L1y€ MIKpOLUPKYJIALI0 i HaZIX0-
JPKEHHS KUCHIO B TKaHUHY, a i-
6p06J1acTH NOYUHAIOTh aKTUBHO
BUPOOJISITU KOJIareH, SKUU [OCTy-
MIOBO «3aKPHUBAE» NePEKT LIKipH,
3Mil[HIOE KOJIaT€HOBY MaTPHILI0
[5, 13, 22]. Kpim Toro, yTBOp€eH-
HA $i6bpobaacTiB NPUBOAUTD /10
BUpPOGJIEHHS He TUIbKU HeoO0Xil-
HOTO Oy/iBeJIbHOTO 6i/1Ka JJ1s HIKi-
pu KoJsiareHy (iHAyKIig BifHOB-
JIeHHS] BHYTPILIHBOLIKIPHOTO KO-
JlareHy), aJjie ¥ eJlaCTHHY, IPOTEO-
[VIIKaHy Ta €H3UMIB, a rilepoKCcu-
reHalisi TKaHWH BUKJIMKAE MIOCTY-
[IOBY pelirMeHTallil0 pO3TAXKOK.
YTBOpEHHsI HOBOT'O KoJIareHy 3Mill-
HIOE KoJIareHOBY MaTpuijo. [Ipu
PO3TMKKAX B 06J1aCTi HIXKHIX 1MO-
BiK KapbOKcHUTeparlisi poOUTD LIKi-
Py LIiIbHOIO, 3MEHILYETHCS 0OCAT
MiJKIPHO-)XKUPOBOI KJIITKOBUHU
(BiAOYBAETHCSA «CTUCHEHHSI» CIIO-
JIYYHO-TKaHMHHOT'0 KapKacy ), 3aB-
JAKU YOMY ITIOMITHO IOJINIIYETb-
Cs1 30BHIILIHIN BUIVIS/] PO3TSHKOK 3i
3MeHIlIeHHSM roppOBaHUX i 3MOPIL-
KyBaTux npossiB [11, 23, 24].
Lle >xe NPUHIUN MeXaHi3My
Kapb6okcuTeparnii gie i npu pyo6-
14X, IIpaMax 1 ciaifgax Bif, akHe.
Y wpamax BiJf ByrpoBOi BUCUIIKU
in’exuii CO, 34aTHI «3J1aMaTH» BO-
JIOKHUCTI NePEropoJiKY, MOTATHYB-
1M IX BHU3 Bij| MOBEPXHI WIKIipH.
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ls1 «mosioMKa» piGpo3HUX Tpa-
GeKyJ1 BUKJINKAE PO3M SIKIIIEHHSI
py6us. Ha o1aToOK 0 IUX «I10-
JoMok» iHekLil CO, BUKJIHMKAIOTh
HOBHU CUHTE3 KOJIareHy, 10 BU-
npaBJisi€ AeeKT TKaHWH Mif| Ipa-
Mamu. OgHak 1 gig CO, nposss-
€ThCA MOBIJIbHilIE B MOPIBHAHHI
3 Horo iHmuMu edpextami [20, 22].
Kap6okcuTepartisi MOKpaliye
nicaa 1-2 npouenyp CTaH pisHUX
THIIIB pyOI[iB: aKHe, B MEHILIH Mipi
TpaBMaTUYHUX i Micasonepanin-
HuX. BBepenns CO, cnpusde mic-
L[eBil BacKy/sipu3allii, OKCUTeHa-
il Ta «po3M’SIKIIEHHIO» PyO1iB
[36, 38]. Y KOCMETOJIOTIYHUX KJTi-
HiKaxX NpOBOAUTbLCA YCIilIHA KO-
PeKIiisi akHe pyOIiB 3a JI0MOMO-
roo abJSITUBHOIO PppaKLiiiHOTO
omouioxxeHHs CO,-nazepom. [Ipu
pyoILsX BiJl akHe (Bif mOMipHHUX
Jlo rin6okux) Ha 25-50% noutin-
IYETHCA TEKCTypa py6ls, y 67%
MaliE€HTIB CIIOCTEPIra€ThCs 00'EK-
TUBHE 3MeHILeHHs IJTMOWHU aKHe
py6uiB (gani npodinomerpii) [7].
AHaJ1i3 CTaTUCTUYHUX JaHUX CBif-
YUTB, [0 CTAH IPH aKHE PYOIsX,
¢dboTocTapiHHA 3MEHIIYEThCS B Ce-
pefHbOMY B 74% BUNaJKiB yepe3
3 MicsiLi J1ikyBaHHS KapboOKcUTe-
pamieto: (py6ui Bix akHe — 83%,
¢doTocrapinusa - 67%) [42]. Jiky-
BaHHS aKHe pyOlLiB BKJIOYAE K
BHYTpilIHBOLIKIpHI iHeKL{i CO,, Tak
i miZIIKIpHi B cepeJHbOMY Bif, 4 710
8 ceaHCIB /11 OTPUMAHHA OITHU-
MaJIbHUX pe3yJbTaTiB. [Ipoueaypa
OyBa€ 60JIF0UO0I0, TOMY MOXKHA BU-
KOPHCTOBYBATH MiCLIEBY aHECTESII0
i3 3acTocyBaHHSM KpeMmy [4, 42].
Bisib1IicTBh KIHOK 1 4O/I0BIKIB
CKapKUThCS HA TEMHI KoJia (CHUH-
11i) i MilIIKM ITiJT 04MMa, 1110 POOUTh
06/1M4Y4Ys1 BTOMJIEHUM. Y TBOPEH-
Hsl TEMHUX KiJ1 Hal4acTille noB’s-
3aHe 3 [I0raHOoK LIUPKYJIALIEIO KPo-
Bi B 00/1aCTi HMKHBOI MOBIKH.
BuyTpimHbowKkipHi in’ekuii CO,
B Ge3rocepe/IHii 6JIU3bKOCTI Bif
o4el MOXKyThb BUJIAJUTH MilIKK
i TeMHI K0JI1a, 3MOPILKU HAaBKOJIO
oyel i BIIHOBUTH MOJIOAWH i CBi-
YKUM BUIVISA 06/1maust. Kap6okcu-
Tepanis — €41UHAa eCTeTUYHA METO-
JIMKa, siKa epeKTUBHO YCYBaE TEM-
Hi KoJ1a HaBKoJ10 oveli [23, 32, 37].

Ax BUZHO 3 J@aHOTO aHaJi3Yy,
OJHUM 3 YacTHUX MOKa3aHb AJid
CO,-Tepariii B KOCMETOJIOTII € OMO-
JIo/pKeHHsI (KOpeKIjisi 3MOPIIOK,
nirMeHTarii, po3MUpeHUX 1Mop),
nostinieHHs ¢irypu (6opoTthba 3
nesttosiToM). [Ipu Takux AiarHo-
3ax MOJIMIIEHHS BiJl Kap6oKCH-
Tepanii B cepeIHbOMY CIIOCTepi-
ra€ThbCcA y 6i/1bII HiXK 75% BUmnaa-
kiB [5]. [licoiss Kypcy kKap6okcuTe-
panii CKopoyeHHs IJIOLL TOBEepX-
Hi mKipu Mmoxke focsaratu 15-20%,
1110 MO>XHa MOPIBHATH 3 pe3yJib-
TaTaMM IJIACTUYHOI omneparil.
Tomy B 6araTbox BMMaJKax BOHA
MO>Ke 3 YCITiXOM 3aMiHUTH bsieda-
pomaactuky [11, 20]. EbekT Bia-
HOBJIEHHS BHYTPIIIHbOLIKIPHO-
ro KoJjiareHy NOMiTHUM [10CUTb
IIBU/AKO, 3a3BUYaM Micjs 2 npo-
ueayp abo yepes 7-14 guis. Jlasa
KopeKIiii popMH HUXKHBOT OBIiKH,
a TaKO0X J1J1s1 60pOTbOU 3 IPYTUM
nigbopiaaam HeoOXigHa 6iabIna
KiJIbKiCTb npoleayp i yacy [22].

Y kocmeToJsiorili asbTepHa-
TUBHOIO METOAWKOIO iHBa3UBHIHN
KapbokcuTeparnii € HeiHBa3MBHA.
OCHOBHUM NPUHIIUII [l 0OCTAHHBOI
3a/IMUIAETHCA TAKUM Ke: OMOJIO-
JPKEHHS 0CATAEThCS 32 paXyHOK
BYTJIEKUCJIOTO a3y, ajie AJis [bo-
ro BUKOPHUCTOBYIOTHCA AJIS IIKi-
pH crnelniasbHi MacKH i reJi, ki
mictate CO, [4, 23]. CO,-gel the-
rapy - Iie nepiia TpaHcJepMaJsib-
Ha KOHTPOJIbOBaHa TepaneBTUY-
Ha cUCcTeMa 3 HeiHBa3WBHUM CIIO-
co6om BBesieHHs1 CO, y TKAHUHMU.
TpaHcaepmasibHa gocraska CO,
3abesrneyvye Oe3nepepBHe BBE/IEH-
H{ MOTO0 B LIKipYy NPOTAToM BCi€l
nporeaypu. CO,-gel therapy - anb-
TEepHAaTHUBHUH CIIOCiO TpaHcaep-
MaJIbHOTO BBEeJIEHHS He ra3orno-
npiéaoro CO,, a MOJIEKY/ISIPHOTO
CO, i akTUBHUX KOMIIOHEHTIB re-
JIIO B IIKipy 6€3 MopyIIeHHs i 11i-
JlicHOCTi [4, 22].

MexaHi3M HeiHBa3UBHOI Kap0-
okcutepamii «CO,-gel therapy»
TeXX 06IPyHTOBAHUM disiosoriu-
HUMHU BJIACTUBOCTSMHU BYTJIEKUC-
Jjioro ra3dy. OcTaHHi# 3MilyeTbca
3 aKTUBHMMU KOMIIOHEHTaMH Mac-
KU, yTBOPIOIOYH TeJib, AKUU AyKe
BU/KO MPOHMKAE B LIKipy i 10-

cAra€ KPOBOHOCHUX CYAMH, BUKJIU-
KalyM IX Ba3oAuJaTallito, mijacu-
JIFOE MOTIK KPOBI i KNIITUHHUUN Me-
TaboJIi3M, a TAKOXK ITiIBUIIYE Ha-
CUYeHHS TKaHUH KUcHeM. OCHOB-
Hi edpekTH resib CO,-Macku: 3Bo-
JIOXKYIOUYHH, OCBIT/IIOI0YMH, 3Mill-
HIOIOYMH, 3aCIOKIMINBUN. 3aB/sI-
KU HeiHBa3WBHIM KapOoKcHUTepa-
mii 1Kipa crae Gi/IbII eJJaCTUYHOIO,
i TATHYTOIO, OJIINIIYETHCS 11 KO-
JIip, TOHYC TKaHUH i 30BHIlIIHI} BU-
IJIs1J, 3HUKAITh CHUHIL I MillIKU
iJ, 0YMMa, 3SMEHUIYETHCA Tinep-
nirmMeHTanis [5, 23, 32].

l'azoBi ineknii CO, npu noea-
HaHHIi 3 JIiIKyBaJIbHUM MacakeM i
Me30Tepani€r, XiMiYHUM MiJiH-
roM, anlapaTHUM OMOJIOJKEHHAM
(boToTepmouti3 i AesiHKpycTallist)
MiJCUJIIOIOTD IX [il0 32 paXyHOK
cuHepretudHoro edexty. [Ipu 1ibo-
My HOTpi6Ha B IeKi/IbKa pa3iB MeH-
11a KiJIbKICTb IpoLeAyp. 3 yCIixoM
BUKOPHUCTOBYIOThCA CO, | micisa
IJIACTUYHUX omepanii (Jinocak-
11ii a60 y/IbTPa3BYKOBOI JIilOCaK-
11, DiATSXKY 06J1M4YYs, TJIFOTEO-
IUTACTHUKH 260 6/1eapoIIaCTHKH )
B SIKOCTi peabGisliTaliiiiHoI miaTprM-
KU | WBUAKOI MiATSKKH LIKIpU
[24, 25, 35].

TakuM urHOM, papMaKoArHa-
Mika CO,-Tepamnii B KocMeToJ10Til
BKJIIOYAE PI3SHOMAHITHI JIOKaJIb-
Hi i pe3op6TUBHI papMakoJioriu-
Hi edeKTH Ha HIKipy: MOCUJIEHHS
BasoAuJIaTallii, OKCUTeHallii, Heo-
BacKyu1i3ariii, KpoBOTOKY i jliMdo-
TOKY, BI/JHOBJIEHHS] €JIACTUYHOCTI
i Typropy WKipH; 3r/1a/PKyBaHHA
03HaK ¢oTocTapiHHA (epeKT aH-
TUCTApPiHHA); JIGTHUHT i po3ryaj-
»KeHHSI 3MOPILOK; 3HATTS CTPecy
i BTOMU LIKipU; IKiCHE MOJIMIIEeH-
HAl TEKCTYPH LIKIPU; OCBITJIEHHA
i BUpIBHIOBaHHS KOJILOPY LIKipH;
3MeHIleHHs HAOPsKiB i macTos-
HOCTI, 3MilJHEHHA IIKipXU HaBKO-
JIO O4el; BiIHOBJIEHHS iMyHiTeTy
i 3BHATTS 3anaJIeHHs WIKipY (aKHe,
po3ares); aHTUOGAKTepiaJIbHUN
edeKT (3HUIIEHHS 6GaKTepPi, 0
BHKJIMKAIOTh Py6ellb ByTPiB aKHE);
CTUMYJISLiSI aHTiOTeHe3y i IPUTHI-
YeHHS1 MeJIaHOTeHe3y; CKOPOYEHHS
MiCIIeBOI *KUPOBOI TKaHUHHU (P0O3-
IIeTJIEHHS] YKUPIB), BUBE/IEHHS TOK-
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CHHIB; TOCHJIeHHs PpYHKIIii moTo-
BUX i cafibHUX 327103 [23, 40, 42].

Kap6okcuTepanis 3HakIIa
riHe 3acTocyBaHHs B 6araTbox
chbepax MeIUIUHHU, aJie 0COOJIH-

BO BeJIMKUH JIOCBIJ ii 3acTOCyBaH-
HA B KocMmeTodioril. CO,-Tepanisa
BBAXKAEThCS HAUOIIBIINM POPU-
BOM B iHAYCTpIii Kpacu 3 4aciB 60-
ToKCy. Lle HOBUI MeTOJ aHTUBI-

KOBUX IPOLEAYP AJis MIKipH, AKUI
KJIIHIYHO Mi/ITBEPAUB CBOIO eeK-
THUBHICTb i 6€3MeYHicThb i Ma€ J0-
Opi mepcreKTUBYU 3aCTOCYBaHHS
B KOCMETOJIOTII.
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KAPBOKCHUTEPAIIIA - IHHOBAH[P'IHHP'I METOA Y KOCMETOJIOI'TE
A.B.KoHnouenko, C.M./lpozoeos, H.B.I'puwjenko*, /.b.Ieanyuk, H.A.Acadyaaaeea, A./L.LLImpo6as**

HayioHaawHuii ghapmayeemuynuii ynisepcumem, Canamopiii «lllaxmap», m. Tpyckageys*,
Yaczopodcvkuii HayioHarbHUll yHigepcumem**

Katouosi cnosa: kapbokcumepanis; gyaneKkucaull 2as; Ko/dzeH; He08ACKyAIi3ayis; peceHepayis

Kap6okcumepanis - Hosuli Memod aHmusikosux npoyedyp 045 wKipu, skuil kKaiHiuHo nidmeepdus ceoio eghpekmugHicmo
i 6eaneKy i Mae dobpi nepchekmusu 3acmocy8aHHs 8 Kocmemooeii. [Ipome, cucmemamu3sogaHa iHpopmayis npo mexa-
Hi3mu 0ii, ikl 06TrpyHMoO8ytomo ii 3acmocysamHs 8 kocmemosozii ma gpapmayii, eidcymus. Tomy memoro 0aHozo 024150y €
06r'pyHMyB8aHHs MexaHiamie sokavHoi dii CO, 8 kocmemosozii. B kocmemouioeii 0ist kap6okcumepanii 3a6e3neuyemucsi
6azamogdakmopHuMu MexaHizmMamu: pe.1eKmopHO-XeMOCeHCOPHUMU (8N1U8 HA XeMopeyenmopu), MexaHo-pegd.iex-
mopHumu (3oHu 3axapis-Teda, 6apopeyenmopu), 6ioximiuHumu (3mina koHyeumpayii CO, 8 kposi), siki cmeoprorombs
y wKipi ymogu das cucmemHoi camopezyaayii i niompumku. Came 3a80aKu nosaisaneHmHomy mexauiamy 0ii papmako-
dunamika CO,-mepanii 8 kocmemooz2ii 8KA04AE PIBHOMAHIMHI 10KAAbHI [ pe3opbmusHi papmakonoziuHi epekmu Ha
WKipy: nocuseHHs eazodusiamayii, okcuzeHayii, Heosackyai3ayii, Kho8OMOoKY i 1imM@omoky, 8i0H08AeHHs eaacmuvHocmi
i mypzopy wkipu; 321a0xcysaHHs 03Hak homocmapinus (ehekm aumucmapinus); Aigmune i po3esnadiceHHs1 SMOPUWOK;
3HAMmMS cmpecy [ 8moMu WKIpu; AKICHe NOAINWeHHA MeKcmypu WKIpu; 0c8IM/AeHHs I BUPIBHIO8AHHS KOJbOPY WKIpU;
3MeHWeHHs1 HabpsKie | nacmosHocmi, 3MiyHeHHs WKIpU Hasko.10 oyell; 810HOB/1eHHS IMyHimemy | 3HAMmMSs 3anaJ/ieH-
Hs wKipu (akHe, po3ayes); aHmubakmepianvHull eoekm (3HUWEeHHs 6akmepill, Wo 8UKAUKAmb pybeysb 8y2pis akHe);
cmumyasayis aHeiozeHesy i npuzHiveHHs Me1aHO02eHe3y; CKOPOUeHHS MIcyesoi i uposoi mKaHuHU (po3wenseHHs xcupis),
susedeHHs1 MOKCUHIB; nocu/ieHHs1 pyHKYii nomosux i caabHux 3a.103. Kap6okcumepanis donomazae npu nosi8i 03Hak
cmapiHHs wKipu (3mMopwok i nodeiliHozo nid6opidds), cnpusie kopekyii gicypu (yearonim), ycysae 6a2amo KocMemu4Hux
degpexkmis (po3amsixcku, meMHi K01a), chpusi€ 8i0HOB1EHHIO WIKIPU hicAs azpecu8HUX Memodie oM0.100%4ceHHS 1 8 peabi-
simayitiHuti nepiod nicas onikis.

KAPBOKCUTEPAIIUS - UHHOBALIMOHHBIM METO/], B KOCMETOJIOTUHU
A.B.KonoHeHKo, C.M./Ipozoeo3, H.B.I'puwenko*, /1.b.HeaHyvwlk, H.A.Acadyanaesa, A./L.LLImpo6as**

HayuoHanawHbill hapmayeemuyeckuii yuueepcumem, Canamopuii «Illaxmep», 2. Tpyckasey*, Yyiczopodckuii
HayuoHa bHbII yHUBEepcumem**

Kawuesvie caosa: Kap6oxcumepanuﬂ;yzxzekuwlblﬁ 2as; KoJ//1aeeH, HeoeacKyausayus, peceHepayus

Kap6okcumepanusi - HO8b1ll MeEMOO aHMUBO3PACMHbBIX npoyedyp 0451 KOxcU, Komopblll KAUHU4YeCKU nodmeepousl c8oi
agpdpekmusHocmsb u 6e30nacHOCmMb U UMeem Xopowlue nepcnekmussl npuMeHeHusl 8 kocmemoiozuu. OdHako cucmema-
musuposanHas uH@opmayus o MexaHuamax deticmeus, KOmopwle 060CHO8bIBANM ee NPUMeHeHUe 8 KOCMemoa02uu U
dapmayuu, omcymcmayem. [losmomy yesnvto 0aHH020 0630pa s8451emcst 060CHO8AHUE MEXAHU3MO8 JI0KANbHO20 dell-
cmeus CO, 8 kocmemosozuu. B kocmemosozuu deticmeue kap6okcumepanuu obecneyugaemcs: MHO20aAKMOPHbLIMU
MexXaHuaMamu peip1eKmopHO-XeMOCEeHCOPHBIMU (8AUSTHUE HA XeMOpeyenmopbl), MeXaHo-ped1ekmopHbuIMU (30Hbl 3a-
xapusi-I'eda, 6apopeyenmopbwt), 6uoxumuyveckumu (usmeHeHue konyeumpayuu CO, 8 Kposu), Komopble c030arOm 8 Kodxice
yca08usi 051 cUCmeMHOl camopegyasyuu U noddepicku. UmeHHo 6aaz2odaps noau8aaeHmHoMy MexaHu3my delicmausi
¢apmakodunamuka CO,-mepanuu 8 KOCMemMo102UU 8KAKHYAEM PA3HOO6PA3Hble 10KAIbHbIE U pe30pomusHble P pek-
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Mmbl HA KOJCy: ycuieHue 8a300u/1amayul, OKCu2eHayuu, He08dcKyau3ayuu, Kpogomoka u AumM@omoka, 80CCmaHos.ieHue
a/acmuyHOCMU U mypaopa Koxcu,; ca/1axcusanue npuszHakoe gpomocmapeHust (3¢gpdoekm aHmucmapeHusi), augpmune u
pasaaazcusaHue MOPWUH; CHIMuUe cmpeccd U ycmaJ/aoCmu KoXCU; Ka4yecmeeHHoe y/ay4uleHue meKkcmypbl KOJicU, ocgem-
JleHUe U 8bIpasHUBAHUE Y8ema Kodicu; yMeHbUeHUe 0meKo8 U Nacmo3HOCMU, YKpenjaeHue Kodxicu 80Kpye 21a3, eoccma-
HOB/IEHUE UMMYHUMeEMa U CHsmue 80chaJ/ieHusl Koxcu (aKkHe, posayea), aHmubakmepuaivbHbsil agpgexkm (yHUumosice-
Hue 6akmepuli, 8bi3blearujux pybey yepetl akHe), CmumMyAayus AH2UO2EeHEe3d U yeHemeHue MeJaH02eHe3a; COKpaujeHue
MecmHoll Jcupoeoli mkaHu (pacujensieHue JHupos), 81800 MOKCUHO8 U ycuaeHue GYHKYUU NOMOBbIX U CA/bHbIX Jces1e3.
Kap6okcumepanusi nomozaem npu nosig/eHuU npu3HaAKo8 cmapeHusi Koxcu (MopwuH u 08otiHo2o nod6opodka), cnocob-
cmeyem Koppekyuu guzypul (Yeasroaumy), ycmpaHsem MHo2ue Kocmemuyeckue deghekmul (pacmsisicku, meMHble Kpyeu),
cnocobcmayem 80CCMAHO8/AEHUI KOJCU NOC/e a2pecCu8HbIX Memodos 0MO10HCeHUs U 8 peabuaumayuoHHbsIl nepuoo
nocsie 03c0208.
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PE3YJIBTATU YACTOTHOT'O AHAJII3Y IIPU3HAYEHD
JIIKAPCbKHX 3ACOBIB XBOPHUM HA IINIEMIYHY XBOPOBY
CEPLA AK KPUTEPIN OLIHKHU AKOCTI ®PAPMAKOTEPAIIII

0.1.MiweHko, /I.B.AAkossesa*, B.d.0Ocmauiko

[HCcTUTYT mifBUILeHHSA KBasidikalii cnenianicTtiB papmarii HarjionanbHoro
dbapMaLeBTUYHOTO YHiBEPCUTETY
HauionanbHui papmMalieBTUYHUN YHiBepcUTeT*

Kntouosi cnosa: vacmomuutl aHaniz; AiKapcbki npusHa4eHHs; papmakomepanisi; iwemivHa xeopoba
cepys

THE RESULTS OF FREQUENCY ANALYSIS OF DRUG PRESCRIPTIONS FOR PATIENTS WITH ISCHEMIC HEART DISEASE
AS A QUALITY CRITERION FOR PHARMACOTHERAPY

0.Ya.Mishchenko, L.V.Iakovlieva*, V.F.Ostashko

Institute for Continuing Education of Pharmacy Professionals at the National University of Pharmacy, National
University of Pharmacy*

Key words: frequency analysis; drugs prescriptions; pharmacotherapy; ischemic heart disease

The aim of the study is to assess the pharmacotherapy rationality of patients with chronic ischemic heart disease (IHD) in
an average statistical Ukrainian health care institution. The retrospective analysis of prescription leaflets of drugs for 100
patients with IHD and the frequency analysis of drug prescriptions by pharmacotherapeutic groups (PhGs), International
Nonproprietary Names (INNs) and the comparison of the drugs prescribed with those recommended by the current Euro-
pean and national clinical guidelines have been conducted. All patients had concomitant diseases, such as atherosclerosis,
heart failure, and hypertension. In all, 94 INNs from 9 PhGs of the first level of the ATC classification were prescribed. The
number of prescriptions per one patient was 11, thus indicating polypharmacy. Almost 75% of prescriptions were cardio-
vascular drugs (CVDs), antithrombotic and perfusion solutions. In the structure of CVDs prescriptions the leading positions
by the frequency were occupied by secondary metabolic drugs: 1.2 prescriptions per a patient. The prescriptions of vital
CVDs were as follows: RAS blockers — ACE inhibitors, angiotensin Il receptors antagonists and fixed combinations of ACE
inhibitors with hydrochlorothiazide - 17.8%, and 92% of patients received them; -blockers and diuretics - 15.5% each,
80% of patients received them; statins - 7%, 36% of patients received them. The leaders among antithrombotics were so-
dium enoxaparin, clopidogrel and acetylsalicylic acid. The dominant directions of pharmacotherapy of patients with [HD
were anti-ischemic and antiplatelet treatment. The leaders by the number of prescriptions were the secondary metabolic
drugs. The vital drugs, particularly statins, are insufficiently presented in the treatment of chronic ischemic heart disease.
To optimize pharmacotherapy it is necessary to intensify the use of statins and reduce the number of prescriptions of the
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secondary metabolic drugs.

aHi 4HCJeHHUX JO0CJi-

J>KeHb BITUM3HSIHUX i 3a-
py6I>KHUX aBTOPiB BKa3ylOTh Ha
Te, 1[0 NPOBIJHOW NPUYHMHOIO
cMepTi B GisbIIOCTI KpaiH CBiTY,
0C06JIMBO B KpaiHaxX 3 HU3bKUM
PiBHEM JI0XOZ|B, € ATOJIOTIs cep-
neBo-cynuHHoi cuctemu (CCC).
JlizepoM 3a 4acCTOTOI CMEPTHO-
CTi B 3arajibHill CTPYKTYpi cMepT-
HOCTI BiJ cepLieBO-CyAUHHUX 3a-
xBoptoBaHb (CC3) € ilmemiyHa XBo-
po6a cepus (IXC) [8, 9, 11-13].
Jlo ocCHOBHHUX QaKTOPiB pU3UKY
PO3BHUTKY CepLeBO-CYIMHHUX Ka-

TacTpod, 1[0 BAHUKAIOTh BHACII-
Jok CC3, BifHOCATBLCS MiJIBUILIEH-
Hsl aKTUBHOCTi CUCTEMU 3TOPTaH-
HSl KpOBI, aTepockJiepo3 i apTe-
piasibHa rinepteHsida [1, 4-8, 10,
11]. OTKe, OCHOBHI HAaIPSIMKH Te-
panii IXC, 3 Touku 30py A0Ka30BOL
MeJMILIMHY, TOBUHHI OYTU ClIps-
MOBaHi caMe Ha 1ii GaKTOpH pH-
3uKky. HemockoHasticth kapaioJio-
riYHOI IOIOMOTI'Y HaceJIeHHIO i He-
palnjioHasibHE BUKOPUCTAHHSA 3a-
CHOBaHUX Ha QpAaKTUYHUX JJaHUX
npemnapariB y nauieHTiB 3 [XC mo-
B’si3aHi 3 MiABUIIIEHUM PU3UKOM

0.41.MiweHko — gokTop hapm. H., npodecop, B. 0. 3aBidyBada kadeapu KniHi4HOT
apmakonorii IHCTUTYTy nigBuLLEHHS KBanidikauii cneujianicTis dbapmauii HauioHansHoro

hapmaLeBTUYHOTO yHiBepcuTeTy (M. XapkiB)

J1.B.AkoBneBa — goktop dapm. H., npodecop, 3asigysad kadeapn hapMakoeKoHOMIKN
HauioHanbHoro apmaueBTUYHOrO yHiBepcuTeTy (M. Xapkis)

HeCNPUSTIUBOTO pe3yabTaTy Te-
pamii [6] i BuUCOKUM piBHEM cep-
1[eBO-CyIMHHOI cMepTHOCTI [1, 4,
7,9,11,12].

MeTol0 JaHOro AO0CJiKeH-
H4 OyJsia Ol[iHKa pallioHaJIbHOCTI
dbapMakoTepanii XBOpHUX Ha XpO-
HiyHy IXC 3a pe3yJsibTaTaMu 4ac-
TOTHOTO aHaJli3y IpHU3HAYeHb JIi-
KapcbKuXx 3acobiB (JI13).

Marepiasiu Ta MeTOAU

ByJsio npoBezieHO peTpocIieK-
TUBHUU aHaJi3 JIMCTIB pU3Ha-
4yeHb JI3 100 XBOpUM Ha XpOHIYHY
IXC (kog 3a MKX-10 - 120-125)
y CepeJHbOCTaTUCTUYHOMY 3aKJIa-
Ji oxopoHu 310poB’s (303) Yk-
paiHy, YaCTOTHUM aHasIi3 IpU3Ha-
yeHb JI3 3a papmakoTepaneBTHY-
Humu (OT) rpynamu, MixkHapoI-
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Ta6ung 1
Pe3y/ibTaTH 4aCTOTHOI'O aHAJIi3y JIIKapChbKHUX 3aC00iB 3a papMakoTepaneBTUMHUMHU IrpynaMu
% Bif 3aranbHoOI KinbKicTb
(QapmakoTepaneBTMYHa rpyna YacrtoTa : .
S KinbKoCTi npu3HayeHb
3a ATX knacudikauieto Npu3HayeHb
npusHayeHb Ha 1 xBoporo
C —3acobw, o BNAMBaTb Ha cepLeBO-CYyANH- 516 46,4 52
Hy cuctemy
B — 3aco6w, Wo BNIVBaOTb Ha CUCTEMY KPOBI 316 28,4 3,2
Ta remonoes
N - 3acobw, LWo [itoTb Ha HEPBOBY CUCTEMY 160 14,4 1,6
A- 3aco6|/|,.u.|,o BMIMBAIOTb Ha TPABHY CUCTEMY 5y 47 0,5
Ta MeTaboniam
3aco6u iHwmnx OT rpyn 68 6,1 0,7

HHUMU HellaTeHTOBAaHWMU HaliMe-
HyBaHHsiMU (MHH), a Takox criiB-
CTaBJIEHHS NpU3HayeHux JI3 3 Tu-
MH, 1110 peKOMEeH/I0BaHi Cy4YacHU-
MU KJIIHIYHUMU peKOMeHauiqa-
MU: EBpONENCbKOr0 TOBAapHUCTBA
Kap/1ioJioriB 3 BeJleHHS CTabiIb-
Hol imemiyHOi XBopo6u cepis
2013 p. (2013 ESC guidelines on
the management of stable coro-
nary artery disease) Ta AjganTo-
BaHOM0 KJIIHIYHO HaCTaHOBOIO,
3aCHOBaHOI0 Ha AoKasax, «CTa-
6ibHA imemiuHa xBOpob6a cep-
us» (AKH, 2016) [4, 7].

YacToTHUM aHaTi3 — BUJ, KiJb-
KiCHOT0 aHaJ1i3y, 1110 0Ka3ye ab-
COJIIOTHY YacTOTY NpPHU3HAYEeHHs
neBHoro JI3, 1oro peyMTHHT i 4a-
CTKY B 3arajibHii KiJIbKOCTI pH-
3HaueHb, @ TAKOX YaCTKY XBOPHUX,
AKi OTpUMyBaJu mNeBHUU JI3.
[IpoBeieHHA YaCTOTHOIO aHaJli-
3y 3a @T rpynamMu HaJla€ ysiBJIeH-
HA [IPO OCHOBHI HANIPAMKH Tepa-
nii, a 3a MHH - npo JI3, sikum Bia-
Jlal0Thb IepeBary Jikapi, To6To
[po JiJepiB 3a 4acTOTOIO IpHU-
3HayeHb [3].

Pe3ysibTraTH Ta iX
0GroBOpPEHHA

OcHoBHI 11is1i cydacHoi dap-
MakKoTepallil nalieHTiB i3 XpoHIy-
Hoto IXC - e BIJIMB Ha KJiHIYHI
CUMIITOMM Ta oNepe/pKeHHS pO3-
BUTKY CEpLEBO-CYAUHHUX YCKIA-
HEHb 3a PaXyHOK 3MEeHIIEHHH illle-
Mil MioOKap/Za, nepemKopKaHHA
MporpecyBaHHIO aTePOCKIEPO3Y
i 3amob6iranHsa TpoM60eM60JTiYu-
HUM YCKJIaJIHEHHAM. 3BaXKatouu
Ha Lie, TOJIOBHUMHM BUaMH dap-

MaKoTepanil, BA3Ha4eHUMH KJIi-
HIYHUMU peKkoMeHpaniamu 2013
ESC (2013) ta AKH «CTabisnbHa
imemiyHa xBopo6a cepus» (2016),
€ aHTHiLIeMiYHa, aHTUTPOMOOTHUY-
Ha Ta rinoJinizieMidysa. Bianosiz-
Ho JI3, [0 MOKpallyTh IPOrHO3
JIIKyBaHHSI 3aXBOPIOBaHHS], € 6J10-
KaTOpHU peHiH-aHTi0TeH3UH-a/Ib-
nocrepoHoBoi cuctemu (PAC), an-
TuTpoM60oTHuHI JI3 (aueTuscai-
[[MJIOBA KMCJIOTA, KJIOMiIOTPesib)
i rimostimigemivyHi 3aco6u iHTi6i-
Topu I'MI" KoA-penykrasu - cTa-
TuHU [1, 4, 7]. ¥ mMacmTabHux
KOHTPOJIbOBAaHHUX KJIIHIYHUX BU-
NMpoOyBaHHAX MOKA3aHO, 1[0 BU-
COKa IHTeHCUBHICTB Teparil XBo-
pux Ha IXC ctaTuHaMU € 6iab1I
epeKTHBHOW B 3aM06iraHHi mo-
BTOPHUX CEPLIEeBO-CYJUHHUX I10-
Jlili, Hi>k HU3bKa a60 BiICYyTHiCTh
Takoi [8]. Jlikapcbki 3aco6u nep-
ol JiHil Tepanii xpoHiuyHoi [XC
(aHTHAHTiHAMBHI, rinoimiAeMiy-
Hi, aHTUTPOMOOTHUYHI) HEObXi-
HO Mig6upaTH iHAUBIAYaIbHO 3
ypaxyBaHHSIM MOOIYHUX ePEKTIB,
sIKi HOBUHHI 6YTH BpaxoBaHi 0co-
6JIMBO Y JIITHIX XBOPHX 3 MOJTIMOP-
6igHOI0 maToJsiorieto [1, 4, 7].
JlaHi peTpOoCneKTUBHOTO aHa-
JIi3y JINCTIB NpU3Ha4YeHb XBOPUM
3 XpoHiyHoto IXC cBiguaTb, 10
IIPAKTHUYHO BCi XBOPI MaJIv CyNyT-
Hi 3aXBOPIOBaHHA: aTEPOCKJIEPO3,
cepLeBy HEZJOCTATHICTD, rinepTo-
HiyHy XxBopo6y (100% xBOpUX);
rinepTOHIYHUN KpHU3 Ha MOMEHT
rocmitaJsizanii 6yB y 8% xBopux,
LYKpOBUM AiabeT - y 4% narjieH-
TiB. Ycboro 6ysio npusHadeHo 94
JI3 3a MHH 3 9 @T rpyn nepuioro

piBH4 3rigHo 3 ATX k1acudika-
nietro. KisibKicTh Npu3HadyeHb Ha
OZJHOTO XBOPOTO CTaHOBUJA 11,
1110 CBIZJYMTB IO IoJIinparMasiro.
JlizepamMu 3a 4aCTOTO MPU3HA-
yeHHs cepef, AeB’saTH DT rpym 6y-
JI TaKi: 3ac06H, 1110 BILIMBAIOTh Ha
cepueBo-CyAuHHY cucteMy (ATX-
rpyna C); 3aco6w, 1[0 BIJINBAIOTh
Ha CUCTEMY KpOBi Ta reMornoes
(ATX-rpyma B); 3aco6u, 1110 I1if0Thb
Ha HepBoOBY cucTteMy (ATX-rpyma
N); 3aco6wu, 1[0 BIJIMBAIOTh Ha
TPaBHY CUCTEMY Ta MeTaboJ1i3M
(ATX-rpymna A) (Ta6.1. 1).

Y 3arasibHil CTPYKTYpi Npu-
3HauYeHb 3aCc006H, 1110 BIJIMBAIOTh
Ha CCC (ATX-rpyna C), ckJjamu
6inbLIicTb - 46,4%. KisibKicTb mpu-
3HaudeHb JI3 Li€l rpynu Ha ofHO-
ro XBOpPOTO CTaHOBUJIA 5,2, TOG-
TO KO>KEH XBOPHH OTPUMYBaB Oi/lb-
e sty J13 3 miei rpynu. 3acoow,
1110 BIVIMBAIOTh Ha CUCTEMY KPO-
Bi Ta remonoe3 (ATX-rpymna B),
ckaasu 28,4% Bijg 3arasbHOI ya-
CTOTH NPU3HA4Y€eHb, KIJIbKICTb MPU-
3Ha4yeHb Ha OJJHOT'0 XBOPOro - 3,2,
[TpusHavyeHH4 JI3, 1m0 Ail0OTh Ha
HepBoBY cuctemy (ATX-rpyma N),
ckstanu 14,4%, KiJIbKICTb NIpHU3HA-
YyeHb Ha OZHOI'0 XBoporo - 1,6.
[TpusHavyeHHs JI3, 1110 BIVIMBAKOTh
Ha TPaBHY CUCTEMY Ta MeTabo-
Ji3M (ATX-rpyma A), ckianu 4,7%
(0,5 JI3 Ha oTHOTO XBOPOTO).

OTxe, Mmaibke 75% npusHa-
YyeHb CKJIA/IM CepLieBO-CyANHHI Ipe-
napaTH Ta 3aco6w, 1110 BIJIMBA-
I0OTb Ha CUCTEMY KpOBi Ta reMo-
noe3 (AaHTUTPOMOOTHYHI Ta Iep-
¢ysiiiHi po3unnu). Li JI3 BUKopu-
CTOBYBAJIMCh J1JisI 3a6e3MedeHHs
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Ta6anuga 2

CTpyKTypa npu3HadYeHb CepLeBO-CyJJMHHUX 3aC06iB

QapmaKoTepaneBTMYHa Yactka XBopi, AKUM 6ynu
nigrpyna npur3HayeHb, % npusHayeHi J13, %

[HwWi KapaionoriyHi 3acobwm 22,5 (12113 H; 116XBOp0rO)
Brnokatopwu PAC: IAN®, APA I,
dikcoBaHi kombiHauii IAMNO 17,8 92
3 rigpoxnopTia3ngom
[3-6nokatopu 15,5 80
HiypeTtnkun 15,5 80
Cepuesi rniko3ngmn 7.8 40
CraTnHum 7 36
Kaninapoctabinisytoui 4,6 24
AHTMAPUTMIYHI 3aco6m 4,7 24
Basogmnatatopu (MoOnCuaoMiH) 3 16
bnokatopu KanbuieBMX KaHanis 0,8 4
MNepndepuryHi Basogmnnatatopm 0,8 4

aHTUAHTIHAJBHOI, rinoJiinigemMiy-
HOi Ta aHTUTPOMOOTHUYHOI Te-
parmil.

Y cTpyKTypi NpU3HaYeHb cep-
11eBO-CYIMHHUX JIIKAPCbKUX 3aC0-
6iB (CCJ13) (TabJ. 2) npoBiaHy Mmo-
3UI1Ii10 332 YaCTOTOIO 3aliMaJIv IIpe-
napatu 3 ATX-nigrpynu «inHui kap-
JAiosoriyHi 3aco6u» 3 KaTeropii
JpyropsiiHUX MeTabosiuHuX. Ya-
CTKa iX mpu3HaYeHb ckiiasa 22,5%,
KIJIbKICTb NpU3HaYeHb AKUX Ha
OZHOTO XBOPOr'0 cTaHoBMJaA 1,2,
TOOGTO KOXKEeH XBOPUM OTPHMYBaB
O/IVIH TMIpenaparT, a KOXKeH ' ATUH
XBOpUH — 2 Ipenaparu 3 Ljiei miz-
IpYIH.

OTxe, papmMakoTepaneBTUY-
HUMMU NiArpynaMmu-aiiepaMu 3a ya-
CTOTOO Nnpu3HavyeHb cepen CCJI3
6ysiu: inmi kapaiosoriyxi 3aco-
6u (CO1E); 6s1okaTopu PAC, y To-
My 4uci B KoMb6iHalil 3 JiiypeTu-
kamu (C09A); B-apeHobI0KaTO-
pu (CO7A); niypetrku (CO3); cep-
neBi riiko3uau (CO1A) ta cra-
TuHU (C10A A - inri6iTopu 'MI’
KoA-penykTtasu).

Y ¢apmakoTepaneBTHYHIN
niArpymni iHMKUX KapAios0riYyHux
3aco6iB (CO1E) rinepom 3a yacTo-
TOI0 IPU3HaYeHb OYB JpYyropsj-
HUH NIpenapar MeJb/JIOHIH, 1110 IPU-
3HauaBcs 84% xBopux. Jpyry mo-

BitamiH K Ta iHLLUi
reMocTaTu4Hi
3acobu; 1%

Puc.

KpoBo3samiHHUKuY;
57%

CTpyKTypa MPU3HAYEHb AIKOPCbKMX 30COGIB, LLLO BIAMBAIOTb HOI

CUCTEMY KPOBI TO remonoes (% Bia KIAbKOCTI MPU3HAYEHb Y LLiM rpyni)

3UI1il0 32 YaCTOTOIO NPU3HAYEHb
y Lill miArpymni nociB Takox Me-
TaboJIiYHUI MpemnapaT Kapzioap-
TiHiH, KUK CbOT'0/IHI HEe peKOMeH-
noBanut AKH (2013), npoTe Ha-
sBHUMU B [lep>kxaBHOMY GOpMyIsi-
pi JI3 Ykpainu 2015 p.

Y ®T niarpymi inri6iTopis A1
(CO9A) nimepaMu 3a 4acCTOTOMO
npU3Ha4YeHb OYJIM JIiI3MHOMPUJI Ta
paminpun, BianosigHo 34% Ta 20%
BiJ| 3arasibHOI KiJIbKOCTI IpU3Ha-
YeHb y Lil niaArpymi.

®apMakoTepaneBTHUYHY MiJI-
rpyny [3-axpenob.siokaropis (CO7A)
CKJIQJIU: Kap/lioCceJIeKTUBHI [3,-a1-
peHo6JI0KaTOpH 6icompoJIoI, 1110
OyB npu3HaueHUN 64% XBOpPUX,
Ta 6eTtakcosion — 8% XBOpPUM i
a+B-agpeHo6I0KaTOp KapBeu-
JoJ1 - 8% xBopuM. Y ®T miarpy-
ni giypetukiB (C03) sizepoM 3a
YacTOTOW MpU3HAYEHb OYB Aiy-
PETHUK OCTaHHbOI reHeparlii To-
pacemin (44% xBopux). Pypoce-
Miz 6yB npusHayeHui 28%, ka-
Jil36epiraouuid AiypeTHK CIIi-
POHOJIAKTOH — 8% XBOpUX.

Y ®T nigrpyni rinosinigemiy-
Hux 3aco6iB (C10A A) sizepom 3a
4aCTOTOIO MPU3HAa4YeHb OyB aTop-
BAaCTaTHH — CTaTHUH NepLIoi reHe-
pauii, ioro oTpuMyBau 32% XBo-
pux. linostinizemMivyHMi 3aci6 6ibIi
Mi3HbOI reHepallil po3yBacTaTUH
OyB MpHU3HAYEHUU TiJIbKU YOTH-
pboM xBopUuM. OTKe, 3arajiom ri-
MOoJIiNiIEMiIYHY Tepariio OTPUMY-
BaJIu TiJibKU 36% nallieHTiB, XO-
4ya aTepockJiepo3 6yB AiarHOCTo-
BaHMH y Bcix xBopux Ha [XC.

Y cTpyKTypi pr3HayeHsb npe-
napariB ATX-rpynu B npoBigHi no-
3uLil 332 YaCTOTOIO 3aliMaJIv: Kpo-
BO3aMiHHUKHU Ta nep@ysiitHi pos-
4yrHHU (57%), 110 BUKOPUCTOBYBa-
JIUChb SIK PO3YMHHUKHU NP NPOBe-
JleHHi napeHTepa/IbHOI Teparii, a
TaKO>X aHTUTPOMOOTHYHI 3ac00H
(42%) (puc.).

Y OT nigrpyni kpoBo3aMiH-
HUKiB (B0O5) nigepom 3a yacto-
TOIO TpU3HAY€eHb OyB HATPIIO XJI0-
puj, asKui npusHadyascs 112 pa-
3iB. /lpyry nosuuit 3a 4acToTO0
NpU3HaYeHb y Uil miArpymi 3aiiMaB
MarHito cynb¢at - 44 npu3HayeH-
Hsl, peKOMeH/I0BaHUU YHipikoBa-
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HUM KJIIHIYHUM IPOTOKOJIOM JIi-
KyBaHHS illIEMIYHOTO IHCY/IBTY SIK
rinotreH3uBHu# JI3 g4 cTabii-
3aI1il MO3KOBOTO KpOB0OOGiry [2].

Y ®OT niarpyni aHTUTpOMOO-
TUYHMX 3ac06iB (BO1A), 1110 € kUT-
TEBO HEOOXIJHUMU 151 JIIKyBaH-
HA xBopux Ha IXC, nizepamu 3a
YacTOTOW IpU3HAYEHHS OY/IH
eHOKcCallapyH HaTpilo Ta KJIOIi-
Jorpesb (o 48 npusHayeHb KO-
>keH). [IpusHaueHHs BapdapuHy
ckJsasnu 16%, a npenaparis ane-
THJICAJIIIUJIOBOI KMCJIOTH — 20%.
OTKe, IK | peKOMEeH/J0BaHO Cy4ac-
HUMHU KJIIHIYHMMH peKoMeHJalli-
SIMH, OKpeMi NaljiEHTU OTPUMYyBa-
JIU IBa aHTUArperaHTHi 3aco6u.

[liarpynamu-aigepamu 3a 4a-
CTOTOI0 NpH3HauYeHb CEPEJ] 3aCO-
6iB, 1110 BIJIMBAalOTh HA HEPBOBY
CUCTeMY, OyJIM: ICUXOaHaIeNTH-
ku (NO6B); aHTUIICUXOTHYHI 3a-
co6u (NO5A) Ta inmi 3aco6w, 110
JIit0Tb Ha HepBOBY cucteMy (NO7).
JlitepoM 3a 4acTOTOIO NMpH3HA-

YyeHb y OCTaHHIW miarpymni 6yB
Mekcuzos1. Moro orpumysanu 84%
XBOpUX. MEKCHU/10/1 YUHUTD aHTHU-
OKCUJIJAaHTHY Ta aHTUTINOKCUYHY
Jli10, MOKpallyl04u eHepreTU4HI
MPOLECU B MiOKap/i Ta MO3KY, IIPO-
Te Ha CbOro/[Hi HeMag /J0Ka3iB Horo
ePpeKTUBHOCTI 110/10 BIJIUBY Ha
nporuo3s nepeo6iry IXC i 3HMxeH-
Hf1 CEpLIEBO-CYITUHHUX YCKJIaIHEHD.
LU THKOJIiH, 1110 BiJHOCUTLCS A0
MIATPYNH  [CUXOAHAJIENTUKIB
(N06B), 6yB npusHaueHuit 24%
XBOPHX.

OTxKe, 3HAUHYy YaCTKy IIPU3Ha-
YeHb CKJIaJU ApyropsaHi JI3 me-
TaboJ1iuHOl Ail 3 HU3bKUM piBHEM
JI0KasiB epeKTUBHOCTI 111010 BILIH-
BY Ha KJIIHIYHO 3Ha4yLli HaCIi/J-
kU Teparii IXC.

BUCHOBKH

TakuM 4YMHOM, OTPUMaHI JaHi
YaCTOTHOTO aHaJIi3y 3a papMaKo-
TepaneBTUYHUMU rpynaMu BKa-
3yI0Tb Ha T€, L0 JOMiHyIOUMMU
HanpsiMKaMu dpapMakoTepartii XBo-

JIITEPATYPA

pux Ha IXC y faHOMy cepeZjHbO-
CTaTUCTUYHOMY YKPalHCBKOMY 3a-
KJIa/li OXOPOHHU 3/10POB’sl € aHTH-
ilemMiyHa i aHTHAarperaHTHa.

[IpenapaTtamMu-jifepaMu 3a
MHH € Ti, 110 BUKOPpUCTOBYBa-
JIUCh JJI 3abe3MeYeHHs aHTHU-
ileMiyHOI Ta aHTUArperaHTHOIL
Tepalrlil, IpoTe cepej JiiepiB Npu-
3Ha4YeHHs HasABHI IpyropsaaHi Me-
TabosiyHi 3aco6u. JKUTTEBO HEOO-
XiiHI penapaTy, Taki 9K CTaTU-
HH, 1110 MAIOTh BaXK/IMBE 3HAYeH-
HA /151 1podilakTUKU Ta 3a1o-
6iraHHs1 HeCIPUATINBUX ceplie-
BO-CY/JUHHUX YCKJIaJJHEHb, IIpe/i-
CTaBJIeHI B Tepamii XBOpUX Ha
xpoHiuHy IXC HefocTaTHBO.

3 MeToto onTuMi3auii papma-
KoTeparii 04eBUHOI0 € HEOOXi -
HICTb [TOCUJIEHHS IHT@HCUBHOCTI
rimoJiiniieMiyHol Teparil 3 BUKO-
pUCTaHHAM CTAaTUHIB i 3HUXKEH-
HA KIJIbKOCTI IpU3Ha4YeHb Jpyro-
pPAIHUX MeTaboJIiYHUX JiKapCh-
KHX 3aC00iB.
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PE3YJIbTATH YACTOTHOT'O AHAJII3Y ITIPU3HAYEHD JIIKAPCbKHUX 3ACOBIB XBOPUM HA IIIEMIYHY XBOPOBY
CEPLIA AK KPUTEPIM OLIHKH AKOCTI ®PAPMAKOTEPAIIII

0.1.Miwyenko, /1.B.Akoeaeea*, B.®d.0cmawko

Incmumym nidsuujeHHs keanipikayii cneyianricmie ghapmayii HayionaneHoz2o dhapmayesmuyHozo yHieepcumemy,
HayioHnaawsHuil ghapmayeemuyHuii ynisepcumem*

Katouogi ca08a: yacmomuuli aHaniz; AikapcoKi npusHaveHHs; hapmakomepanis; iwiemiyHa xgopoba cepyst

Mema docaidxcenHs - oyiHka payioHanbHocmi papmakomepanii xeopux Ha xpoHiuHy IXC e cepedHbocmamucmu4HoMy
YKpaiHcbkoMy 3aK1adi oxopoHu 300poe’s. [IposedeHull pempocnekmugHull aHaAi3 AUCMis npusHaveHs AIKapcbKux 3acobis
(/13) 100 xeopum Ha IXC, vacmomHuli aHaniz npusHavers /13 3a papmakomepanesmuyurumu (PT) epynamu, mizxcHapood-
HUMU HenameHmosaHumu HatimeHysanHsamu (MHH) ma cniscmassneHHs npusHaveHux JI3 3 mumu, ujo pekomeHdosaHi
CyYacHuUMu €gponeticbkuMu ma 8im4usHsHUMU KATHIYHUMU peKoMeHdayismu. BcmaHosseHo, ujo eci xeopi masu cynym-
HI 3aX80pPHOBAHHS: AMEPOCK1epo3, cepyesy HedocmamHicmy, 2inepmoHiuHy xeopo6y. Ycvozo 6ya10 npusHaerHo 94 MHH
J13 3 9 @T 2pyn nepwozo pieusa 3a ATX kaacugikayiero. Kiabkicmb npusHaueHb Ha 00H020 x8opo2o cmaHosuaa 11, wo
ceiduums npo noainpazmasiro. Maiice 75% npusHayeHb ckaanu cepyeso-cydunti /13 (CC/13), aumumpombomuuHi ma
nepgysitini posuunu. ¥ cmpykmypi npusnavenv CCJ/I3 npogidHy no3uyito 3a yacmomoto 3atimaau 0py2opsioHi mema6o-
AiyHI 3acobu: 1,2 npusHayeHHs Ha 00HO20 x80po20. [IpusHa1eHHs scummeso HeobxioHux CCJ/I3 gionosidHo ckaaau: 610-
kamopie PAC - inzi6imopis AII®, aumazoHicmise peyenmopie anziomensuHy Il, a makodc gpikcoganux kombinayiii IAIID
3 eidpoxanopmiazudom pazom 17,8%, ix ompumysaau 92% xeopux; B-610kamopis i diypemukie eionogioHo no 15,5%, ix
ompumysaau 80% xeopux; cmamurie 7%, ix ompumysanu 36% xeopux. Jlidepamu ceped anmumpombomu4Hux /13 6yau
eHoKcanapuH Hampil, Kaonidozpesb ma ayemuacaniyua08a Kucaoma. /JomMiHyOMUMU HaANpsIMKamMu gpapmakomepanii
xeopux Ha IXC 6yau anmuiwemivHull i aumuazpezaumtuil. Jlidepamu 3a KiibKicmio npusHaveHb € 0py20psi0Hi mema6o-
Ai4HI 3aco6u. Kummeso HeobXIOHI npenapamu, 30kpema cmamuHu, npedcmae/eri @ mepanii XxpoiuHoi IXC HedocmamHbo.
Jlns onmumizayii papmakomepanii Heo6xidHO nocusumu iHMeHCUBHICMb BUKOPUCMAHHS CMAMUHI8 i 3HU3UMU Kijlb-
Kicmb npu3HaveHb 0py2opsi0HUX Memaboai4HuX npenapamis.

PE3YJ/IBTATbI YACTOTHOTI'O AHAJIN3A HA3HAYEHM JIEKAPCTBEHHBIX CPE/ICTB BOJIbHBIM UIIEMUYECKOW
BOJIE3HBIO CEPALIA KAK KPUTEPUU OLEHKH KAYECTBA ®APMAKOTEPAIIUH

0.4.Muwenko, /1. B.lkosseea*, B.®.0cmawko

HHcmumym noswlweHus keaaugukayuu cneyuaaucmos hapmayuu HayuoHaabHoz2o hapmayeemuyecko2o
yHueepcumema, HayuoxavHulil hapmayesemuueckuii yHugepcumem*

Karouesvle caosa: vacmommvwlil aHa.au3; s1eKapCmeeHHble HA3HAa4YeHusl,; (ﬁapmakomepamm; uwemuveckas 60/1e3Hb cepdua

Ileab uccaedogarus — oyeHka payuoHaabHocmu papmakomepanuu 604abHbix xpoHudeckoli UBC e cpedHecmamucmuye-
CKOM YKPAQUHCKOM yupedicdeHuu 30pasooxpaHerust. buvii nposedeH pempocneKmugHblll aHAAU3 AUCMO08 HA3HA4eHUll Jie-
KapcmeeHHblx cpedcme (/IC) 100 60abHbim UBEC, yacmomHublil aHanus HasHaveHull JIC no gpapmakomepanesmuyeckum
(PT) epynnam, mexcdyHapoOHbIM HenameHmMo8aHHuIM HaumeHosaHuamM (MHH) u conocmassieHue HazHaveHHbIX JIC ¢
memu, komopble peKOMeHO08AHbI CO8PEMEHHbIMU €8PONECKUMU U 0MmeYecCmeeHHbIMU KAUHUYECKUMU PeKoMeHOayu-
Amu. Bvlio ycmaHoeeHo, ymo ece 601bHble uMeau conymcemayrouue 3a601e8aHusl: amepock/aepo3s, cepdevHyro Hedo-
cmamo4HoCcmb, 2unepmoHu4eckyr 601e3Hb. Bcezo 6bi10 HazHaveno 94 MHH JIC u3 9 @T epynn nepgozo yposus no ATX
kaaccugpukayuu. Koauvecmso HazHaveHull Ha 00HO20 601bHO20 cocmasuo 11, umo ceudemenbcmayem o noaAuNpazma-
suu. [lToumu 75% HasHaveHull cocmaguau cepdeuHo-cocyducmete JIC (CC/IC), ahmumpombomuyeckue u nep@ysuoHHble
pacmeopul. B cmpykmype nasHavenuil CC/IC sedywyro no3uyuro no 4acmome 3aHUMa/ U 8mopocmeneHHbvle Memaboau-
yeckue cpedcmea: 1,2 Ha3HaveHUs1 Ha 00H020 601bHO20. HazHaueHus scusHeHHO Heo6xodumbix CCJ13 coomeemcmaeHHO
cocmasuau: 6ao0kamopos PAC - uneubumopos AII®, aumazoHucmos peyenmopos aHzuomeH3uHa I, a makice gpukcupo-
8aHHbIX KoMOuHayuti HAIIP ¢ zudpoxaopmuasudom emecme 17,8%, ux noayuanu 92% 60avHbIX; f-610Kamopos u duy-
pemukog coomgemcmeeHHo no 15,5%, ux noayuaau 80% 6obHbIX; cmamuHos 7%, ux noayyaau 36% 601bHbIx. Jlude-
pamu cpedu aHmumpombomueckux JIC 6bLau 3HOKcanapuH Hampusl, Kaonudozpeasb U ayemuacaiuyu108as Kucioma.
HomuHupyowumu HanpasaeHuamMu gapmakomepanuu 60abHbix UBC 6blau aHmuuwemuveckoe U aHmuazpezaHmHoe.
Jludepamu no koauvecmeay HasHaveHull A6A910Mcs 8MopocmeneHHble Memaboauyeckue cpedcmaa. XXU3HeHHO 8axcHble
npenapamsul, 8 YaCMHOCMU CMAMUHbL, npedcmasieHbl 8 mepanuu xpoHuyeckoli U6C HedocmamoyHo. /a5 onmumuzayuu
dapmakomepanuu Heo6x00UMO ycuaUMb UHMEHCUBHOCMb UCNO16308AHUS CMAMUHO8 U CHU3UMb KOAUYECme80 HA3HA-
YeHUll BMopocmeneHHbIX MemaboauvecKux npenapamos.
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THE STUDY OF THE SPECIFIC PHARMACOLOGICAL ACTIVITY
OF DERMABIN ON THE MODEL OF THE EXPERIMENTAL
CONTACT DERMATITIS IN RATS

V.L.Karbovskyy, 1.A.Shevchuk, 0.V.Kurkina, T.Ye.Makovska*
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In spite of a great number of the existing drugs and methods, as well as introduction of the new ones, the problem of
improving the treatment of patients with psoriasis and psoriatic arthritis is still one of the most burning and topical in
modern dermatology. In case of such disorders, glucocorticoids are the most effective if combined with keratolytics - the
effective agents facilitating the drug penetration directly to the affected area. The aim of the work was to study the specific
pharmacological activity of Dermabin medicine on the model of contact dermatitis in rats compared to Diprosalik. In order to
reproduce this pathology rats were applied 2,4-dinitrochlorobenzene in the form of 5% ethanol-acetone solution twice a
day for 4 days. In 4 days after the first application the area affected by contact dermatitis (CD) was covered with Derma-
bin or the reference medicine Diprosalic for 14 days. The severity of psoriasis developed was assessed daily based on the
change of the skin covering indices: the skin fold thickness and the severity of skin manifestation. It was registered that
in animals with the test and reference medicines applied the hemorrhagic crusting began exfoliating on the 4" day of the
treatment, which was twice faster than in rats of the control group, and the skin fold thickness significantly decreased. On the 7"
and 10 days of the treatment the progressive improvement of the CD affected area was observed in these animals. On the
14" day all rats receiving the active treatment showed significant restoration of their appearance, and the ESR index de-
creased almost to the level observed in intact animals. At the same time the severity of leucocytosis also reduced. Therefore,
the results obtained indicate the marked anti-inflammatory activity of Dermabin medicine in rats with the experimental
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model of contact dermatitis.

Psoriasis is a chronic recur-
rent genetically determined
disease of multifactorial nature,
which is characterized by staging,
immune-dependent inflammation,
benign hyperproliferation of epi-
dermal cells with their abnormal
differentiation accompanied with
papulosquamous rash, as well as
the possible involvement of the
locomotor apparatus and visce-
ral organs to the pathological pro-
cess. The main peculiarities of this
dermatosis are the etiology of the
disease that has not been entire-
ly understood, complexity of pa-
thogenic mechanisms of develop-
ment, frequent recurrence with
short disease-free survivals, im-
pairment of the patient’s life, de-
crease of their professional acti-
vity and social integration, the fre-
quent development of complica-
ted forms, the increase in the num-
ber of cases of the patients’ long-

term incapacity for employment
and disability [10, 13].

The main cause of this auto-
immune disease is considered to
be disorders of the immune sys-
tem, which attacks the cells of the
own organism by mistake leading
to skin inflammation and exces-
sive cell proliferation [17]. The re-
sults of many studies prove the
leading role of T-lymphocytes and
macrophages in development of
autoimmune aggression upon skin
cells [11, 18]. In recent years much
data on the important role of che-
mokines in the processes of leu-
kocyte migration and distribution
in psoriasis have appeared. It has
been shown that populations of ef-
fector T-lymphocytes release CLA
and CCR4 chemokines [8, 21]. CCL20,
CCL27 and monokine induced by
y-interferon (MIG) participate in
involvement of T-cells to the pso-
riatic rash zone [14, 15, 21]. More-

V.L.Karbovskyy — Candidate of Biology (PhD), Deputy Director for Science and
Technology of LLC “Pharmaceutical Plant “Biofarma”™ (Bila Tserkva)

T.Ye.Makovska — cardiologist of the Main Military Medical Hospital (Kyiv)

over, in psoriasis the release of an-
giogenic factors and pro-inflam-
matory cytokines intensifies, and
the level of anti-inflammatory cy-
tokines decreases [9, 22].

In spite of a great number of
the existing drugs and methods,
as well as introduction of the new
ones, the problem of improving
the treatment of patients with pso-
riasis and psoriatic arthritis is still
one of the most burning and topi-
cal in modern dermatology. The
treatment success criteria are the
time of the clinical effect onset, the
skin cleansing from rash, remis-
sion duration, improvement of qua-
lity of the patient’s life. Not least
important is the high level of sa-
fety, tolerability and comfort of ap-
plication [4, 19]. The most active
drugs of the anti-inflammatory the-
rapy are glucocorticoids posses-
sing the vasoconstrictive and mem-
brane-stabilizing action; they have
the suppressor effect on immune
factors, inhibit production of pro-
inflammatory cytokines and re-
duce cell proliferation in the af-
fected area [20].
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In case of the marked kerati-
nisation disorders the efficiency
of the therapy with topical ste-
roids is significantly increased if
combined with keratolytics - the
effective agents facilitating the drug
penetration directly to the affec-
ted area. Combined medicines of
corticosteroids with keratolytics,
in particular with salicylic acid,
provide more significant thera-
peutic action in case of psoriasis
than each drug individually. Sali-
cylic acid has the keratolytic ef-
fect at the stratum corneum level
of the epidermis, and a cortico-
steroid penetrates to deeper skin
layers and inhibits the synthesis
of pro-inflammatory cytokines and
reduces the vessel wall permeabi-
lity in the uppermost layer of the
dermis [16]. Dermabin ointment
(produced by “Pharmaceutical
Plant “Biofarma” LLC) contains
salicylic acid and betamethasone
dipropionate. Therefore, the aim
of the work was to study the spe-
cific pharmacological activity of
Dermabin medicine on the model
of contact dermatitis in rats com-
pared to Diprosalik.

Materials and Methods

The specific pharmacological
activity of Dermabin (“Pharma-
ceutical Plant “Biofarma” LLC,
Bila Tserkva, Ukraine, ointment in
tubes, 15 g; its 1 g contains beta-
methasone dipropionate, being
equivalent to 0.5 mg of betame-
thasone, and 30 mg of salicylic
acid) was assessed on the model
of contact dermatitis (CD). In or-
der to reproduce this pathology
rats were applied 2,4-dinitrochlo-
robenzene in the form of 5% etha-
nol-acetone solution on the skin
areas (9 cm?) previously clipped
twice a day for 4 days [2]. In 4 days
after the first application the af-
fected CD area was covered with
Dermabin or the reference medi-
cine Diprosalic (Schering-Plough
Labo N.B., Belgium, ointment in
tubes, 15 g; its 1 g contains beta-
methasone dipropionate, being
equivalent to 0.5 mg of betame-
thasone, and 30 mg of salicylic acid).

The medicines were applied dai-
ly once a day for 14 days. The se-
verity of psoriasis developed was
assessed daily based on change
of the skin covering indices: the
skin fold thickness and the seve-
rity of skin manifestation. The skin
manifestation severity was asses-
sed in points from 0 to 5 by the
skin testing scale [6]: 0 - no re-
action; 0.5 - appearance of local
foci of hyperemia; 1 - marked hy-
peremia; 2 - hyperemia and ede-
ma; 3 - abrupt rubefaction and ede-
ma; 4 - formation of erosions; 5 -
hemorrhagic crusting formation.

The experiments were carried
out on 40 male white non-pedi-
gree rats weighing 190-230 g.
All experimental animals were kept
in the vivarium in compliance with
sanitary standards on the required
diet [7]. All studies were perfor-
med in accordance with regula-
tions of the “European Convention
for the Protection of Vertebrate
Animals used for Experimental and
Other Scientific Purposes” [12].
After 10-days isolation period the
experimental rats were divided into
the following groups by the ran-
domization method: group 1 - the
intact control (n=10); group 2 -
animals with the experimental CD
where Vaseline (ointment in tubes,
30 g, produced by “Phytopharm”
PJSC, Ukraine) was applied on the
affected areas (n=10); group 3 -
animals with the experimental CD
+ Dermabin (n=10); group 4 - ani-
mals with the experimental CD +
Diprosalic (n=10).

The assessment of the mani-
festation severity in the CD area
and measurement of the skin fold
thickness were performed on the
1st, 4% 7% 10% and 14" day of the ex-
periment. The anti-inflammatory
activity of the test and reference
medicines was determined on the
14™ day of the experiment [1].

The peripheral blood indices
were determined before applica-
tion of the medicines and on the
14" day of the experiment. The ery-
throcyte sedimentation rate (ESR),
white blood count and the percen-
tage ratio of certain leukocyte sub-

populations in the peripheral blood
was determined using common me-
thods [3].

Statistical processing of the re-
sults was performed by STATISTI-
CA 6.0 application program package
(StatSoft, USA) using Student’s
t-test, Mann-Whitney U-test and
Wilcoxon signed-ranks test [5].
At p<0.05 the differences between
control and experiment were con-
sidered to be significant.

Results and Discussion

The results showed that after
4 days of 2,4-dinitrochlorobenze-
ne application the CD area was for-
med on the rats’ skin, it was cha-
racterized by vesicular skin rash,
excoriation and formation of a thick,
heavy and deep hemorrhagic cru-
sting. In the affected area and de-
pendent areas the edema and in-
flammatory cells developed, the
skin fold increased, its thickness
reached 5-6 mm, while in the in-
tact animals it was on the average
2.2 mm (p<0.05, Table 1). The skin
manifestation severity in three ex-
perimental groups was 4.8+0.13
points (p<0.05 compared to the
group of intact animals where it
was 0). This day was considered
to be the first day of the therapy,
when application of Vaseline, Der-
mabin and the reference medici-
ne Diprosalic was started direct-
ly on the CD area.

In the animals of group 2 (CD
+ Vaseline) improvements occur-
red on the 10" day of observation
and were evident by the decrease
of the skin damage severity on the
average up to 4.1 points (Table 1).
The skin fold thickness decreased
by 25% compared to the corre-
sponding index on the 1% day.
In that period in 30% of rats of
this group almost compete exfo-
liation of hemorrhagic crusting for-
med during dinitrochlorobenze-
ne application was observed, and
in the rest of animals only some
fragments remained. Complete ex-
foliation in all animals was over
by the 14™ day of observation,
however, in that period hypere-
mia and a slight increase of skin
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fold thickness was observed com-
pared to intact animals.

In the animals of groups 3 and
4 with application of the test and
reference medicine on the CD area
the hemorrhagic crusting began
exfoliating on the 4™ day of the
treatment, which was twice faster
than in rats of CD + Vaseline group.
In that period the skin fold thick-
ness decreased by 10.9% each in
CD + Dermabin group and CD +
Diprosalic group (p<0.05; Table 1).
On the 7™ and 10 days of the treat-
ment the progressive improvement
of the CD affected area was obser-
ved. In the groups of the test and
reference medicine the skin fold
thickness on the 7* day was 17.8
and 15.6% (p<0.05), and on the
10% day - 20.9 and 18.6% (p<0.05)
less compared to the correspon-
ding indices of animals of group 2
(Table 1). On the 14" day all rats
receiving active treatment showed
a significant restoration of their
appearance. In CD + Dermabin
group the skin fold thickness de-
creased by 27.8% (p<0.05), and
in CD + Diprosalic group by 22.2%
(p<0.05; Table 1). Therefore, both
medicines have the same effect on

Table 1

The effect of Dermabin and Diprosalic on the severity

of contact dermatitis (CD) in rats (M+m), n=40

Day of The group of The severity of skin The skin fold
the study animals manifestations, score thickness, mm
Intact 0 22+0.13
CD + Vaseline 48+0.134# 5.7 +0.15#
Day 1 |CD + Dermabin 4.8 +0.13# 5.6 £0.16#
CD + Diprosalic 48 +0.134# 55+0.17#
CD + Vaseline 4.7 +0.15 55+0.17
Day4 |CD + Dermabin 44+0.16 4.9+ 0.10%
CD + Diprosalic 43+0.15 49 +0.18*
CD + Vaseline 4.5+0.17 4.5+0.22
Day 7 |CD + Dermabin 3.9+0.18*% 3.7 +£0.15*
CD + Diprosalic 3.8 £0.20* 3.8+0.13*
CD + Vaseline 4.1£0.10 43+0.21
Day 10 |CD + Dermabin 3.0+0.15*% 3.4+0.16*
CD + Diprosalic 3.0+0.21* 3.5+0.17*
CD + Vaseline 29+0.18 36+0.16
Day 14 |CD + Dermabin 1.3 £0.15% 2.6 +0.16*
CD + Diprosalic 1.2 +£0.13% 2.8 £ 0.20*

Note. # — p<0.05 in relation to the intact control group; * — p<0.05 in relation

to CD + Vaseline group.

dicines confirm this: Dermabin -

55.2% and Diprosalic - 58.6%.
During the experiment the chan-

ges of the peripheral blood indi-

the abovementioned parameters
of the experimental CD in rats.
Comparative values of the anti-
inflammatory activity of both me-

Table 2

Indices of the peripheral blood of rats with the experimental contact dermatitis (CD)
after dermal application of Dermabin and Diprosalic for 14 days (M+m), n=40

The group of animals

index Intact CD + Vaseline CD + Dermabin CD + Diprosalic
Day 1
ESR, mm/h 2.3+0.30 5.3 £ 0.50# 53+0.30 54+043
Leucocytes, x10%I 7.29+0.49 11.29+0.81# 11.5+0.66 11.32 +£0.96
Segmented neutrophils, % 21.2+0.89 32.3 + 1.26# 32,6+ 1.51 33.2+1.43
Banded neutrophils, % 1.5+0.17 3.7 +£0.30# 3.3+0.37 3.5+0.34
Eosinophils, % 2.0+0.33 3.1+0.234 29+0.35 3.0+0.26
Lymphocytes, % 72.2+0.93 574+ 131# 57.8+1.49 56.7 £ 1.46
Monocytes, % 3.1+0.31 3.5+0.22 34+0.16 3.6+0.16
Day 14
ESR, mm/h 2.1+0.23 4.1 £0.284# 3.0+ 0.26* 3.1+0.31*
Leucocytes, x10%/I 7.29+0.43 9.50 + 0.494# 7.99 + 0.45* 7.88 + 0.49*
Segmented neutrophils, % 223+ 1.16 30.3 + 0.88# 27.0 + 0.97* 27.5 + 0.95*%
Banded neutrophils, % 1.7+0.15 2.4 +0.16# 2.0+0.21 1.9+0.23
Eosinophils, % 2.1+0.23 2.5+0.27 2.3+0.21 24+0.16
Lymphocytes, % 70.7+£1.13 61.4 = 0.99# 65.1 £ 1.13* 649+ 1.11%
Monocytes, % 3.2+0.20 3.6+0.31 3.3+0.30 34+043

Note. # - p<0.05 in relation to the intact control group; * — p<0.05 in relation to CD+Vaseline group.
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ces in all animal groups were also
studied (Table 2). Before the treat-
ment all animals with the simu-
lated CD showed a typical reac-
tion on inflammation, namely the
double increase of ESR, leucocy-
tosis, the increase of the neutro-
phil percentage with a slight, but
significant shift to the left.

The statistically probable in-
crease in the eosinophil count was
also registered. The lymphocyte
count in animals of the experi-
mental groups was significantly
less than in intact animals.

The study of ESR and the pe-
ripheral blood cell composition
conducted on the 14™ day of the
treatment showed a significant im-
provement in the group of rats
with application of Dermabin or

Diprosalic medicines on the CD af-
fected area (Table 2). The ESR in-
dex in rats of this group decrea-
sed almost to the level observed
in intact animals. At the same time
the severity of leucocytosis also
reduced. The percentage of the
main leucocyte subpopulations re-
duced almost to the level of intact
rats. Both medicines (Dermabin
and Diprosalic) had almost the same
effect on the peripheral blood in-
dices of rats with the experimen-
tal CD. Concerning the indices in
CD + Vaseline group there were
significant differences from the in-
dices of intact animals: the high
ESR and leucocytosis were obser-
ved. The percentage of segment-
ed and banded neutrophils was
much higher, and that of lym-
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Karouosi cnoea: ncopias; konmakmuuii depmamum; depmabiH; bemamemasoHy dunponioHam; caniyu1068a Kucaoma

He3seaoicarovu Ha 3HAYHY Ki1bKICMb 8dice ICHYIO4UX Md Nosi8y HOBUX AIKAPCbKUX 3aco6ie ma memodie mepanii, npobaema
800CKOHA/1EHHS AIKYB8AHHS X80PUX HA Ncopiaz ma ncopiamuyHulli apmpum 3a1uulaemscsl 00HI€ 3 Hallzocmpiwux ma
HatlakmyaabHiWuX y cyvacHiil depmamo.oeii. Halibinbw akmugHumMu 3acobamu npomusana/abHoi mepanii npu yux 3a-
XB0PI0BAHHSIX € 2/IIOKOKOPMUKOCMEPOoioHi 20pMOHU 8 KOMOIHAYIT 3 kKepamoaimu4HUMU 3acobamu — eheKmuU8HUMU A2eH-
mamu, SIKi nose2uyloms npoHUKHICMb /iKie 6e3nocepedHbo y so2HUWe ypadiceHHs. Memotro po6omu 6y/n0 docaidxiceHHs
cneyugiyHoi papmakosoziuHoi akmueHocmi npenapamy «/lepmabiH» y nopieHsiHHI 3 hpenapamom «/lunpocaaik» Ha
Mo0e/li KOHMAKMHo2o depmamumy y wypis. /] gidmeopenHs yiei namoozii wyypam npomsizom 4-x oHie deiui Ha 006y
pobusau anaikayii 2,4-0uHimpoxaopobeHsony y suaaadi 5% emaxosn-ayemoHogoz2o posuuHy. Yepes 4 dobu nicas nepuioi
anjikayii Ha ozHUWA ypaxceHb HAHocUAU npenapam «/Jepmabin» abo pedpepenmHuil npenapam «/Junpocasik» npo-
msizom 14 dnis. Tasckicmob po3suHeHo20 depmamumy OYiHI08AAU WOOHS 3 3MIHAMU NOKA3HUKIE WKIPHO20 NOKpuU8y:
8e/IUMUHOI0 WKIPHOI ckaadku I maxckicmio wkipHux nposieie. [lokasaHo, Wo y meapuH, SKUM Ha 802HUWE YPAX#CEHHS Ha-
Hocu/au daHi npenapamu, 8xce Ha 4-my do6y /NiKye8aHHs Noyaia 8i00KpemMaAI08aMucy ceMopaziuHa Kipka edeiui weudue,
HIJIC Y Wypie KOHMPOABLHOI 2pynu, @ makoic cnocmepieanocs 8ipocioHe 3MeHwWeHHss Mo8WUHU WKIipHOi ckaadku. Ha 7-my
ma 10-my do6y mepanii'y yux meapuH 8id3Ha4eHo nocmynoge noAinuweHHs CMaHy 802HUWA KOHMAKMHo20 depmamumy.
Ha 14-my 0do6y y ecix wypis, iki ompumyeaiu akmugHe AiKy8aHHs, Cnocmepi2anocsi 3Ha4He 8i0H08.1€HHsI 308HIUHBO20
su2a0y, a sHavenHs LIOE 3nususnocs matixce 0o pigHs, sKull cnocmepieascsi 8 iHmakmHux meapuH. OOHO4ACHO 3MeH-
wunacs I eupaxcerHicms selikoyumo3sy. Takum YUHOM, OMPUMAHi HAMU pe3yabmamu ceiduamb Npo 8UPax3ceHy npomu-
3anasbHy akmusHicms npenapamy «/lepmabin» y wypis 3 ekcnepumMeHmaabHo0 Mo0ea10 KOHMAKMHo20 depmamumy.

HUCCJIEAOBAHME CIELIU®UYECKON ®APMAKOJIOTMYECKOM AKTUBHOCTH ITPEINAPATA «JIEPMABHMH» HA MOJIE/IN
IKCINEPUMEHTA/IbHOT'O KOHTAKTHOI'O JEPMATHTA Y KPbIC

B./1.Kap6osckuil, H.A.lllesuyk, 0.B.KypkuHna, T.E.Makosckas*
000 «Papmayesmuueckuli 3a800 “Buoghapma”», [1aeHbIll 80eHHbIUI MedUYUHCKUll 2ocnumans*
Katrouesvle cao8a: ncopuas; KOHMakmuolli depmamum; depmabuH; 6emamemasoHa ounponuoHam; caauyua08as Kucioma

Hecmomps Ha 3HauumeibHoe KOAU4eCmeo yce Cyuwecmayrouux U nosie/eHue Hogblx cpedcmes U Memodos mepanuu, npo-
6./1eMa co8epueHcme808aHUsl Jie4eHUsl 60/IbHBIX NCOPUA30M U NCOPUAMUHECKUM apmpumoM ocmaemcsi 00HOU U3 cambix
0CMPBIX U aKMYa/1bHbIX 8 COBPeMeHHOU depmamoozuu. Hauboiee akmugHbiMU cpedcmeamu Npomuso8ocnaaumeasbHol
mepanuu npu 3mux 3a60.1€8aAHUSIX A6AI0MCS 2110KOKOPMUKOCMEPOUOHble 20PMOHbI 8 COYeMAHUU € Kepamoaumu4eckumu
cpedcmeamu - 3 hekmusHbIMU A2eHMAMU, KOMOpble 06./1e24arm NPOHUYAEMOCMb J1eKapCma HenocpedCcmeeHHO 8 04az No-
pasicenust. Llesnvto Hawetl pabomul 6110 uccaedoganue cneyuguyeckoll papmakoso2uveckoll akmusHocmu npenapama
«/lepmabun» 8 cpasHeHuu c npenapamom «/lunpocanuk» Ha Modeau KOHMAKMHO20 depMmamuma y Kpblc. /15 eocnpous-
sedeHus1 smoll namo.102uu Kpblcam 8 meveHue 4-x dHell dsaxcdsl 8 cymku deaaau annaukayuu 2,4 ouHUmMpoxa0p6eH3o-
/1a 8 gude 5% smaHo1-ayemoHo8020 pacmeopa. Yepes 4 0Hs nocse nepgoll annaukKayuu Ha o4dau NOpaXceHull HaHoCu-
Ju hpenapam «/lepmabut» uau pegpepenmuliii npenapam «Junpocaauk» e meuernue 14 dwetl. Tsaxcecmsb pazeusuie2ocsi
depmamuma oyeHu8a U excedHe8HO NO U3MEHEHUM noKazameJiell KOXH020 NOKPOB8A: 8e/AUHUHE KOHCHOU CKAAdKU U
msicecmu KOXCHbIX nposieaeHull. [Ioka3zaHo, Ymo y #usomHblx, KOMOPbIM HA 04A2 NOPANHCEHUS HAHOCUAU Uccaedyemblil
u pedhepeHmHbIil npenapameol, yiice Ha 4-e CymKu Jie4eHusl Ha4aad 0mmop2amuCsi 2eMOppazuyeckas Kopka e0soe bbicmpee,
yeM y KpblC KOHMPOAbHOU 2pynnbl, a makice Ha61100a10Cb 00CMO8epHOe yMeHbUEHUE MOAWUHbI KOHCHOU CKAAOKU.
Ha 7-e u 10-e cymku mepanuu y 3mux H#U80MHbIX OMMeYeHO NOCmeneHHoe yayvuleHue COCMOsIHUS 04a2a KOHMAaKmMHO20
depmamuma. Ha 14-e cymku y 8cex Kpblc, N01y4aswux akmugHoe JeyeHue, Hab.1:00a10Ck 3Ha4Ume1bHoe 80CCMAaHo8/1e-
Hue 8HewHezo0 suda, a 3HaveHue CO3 cHU3UI0CL noumu 0o yposHs, KOmopblll HA61H0AICA 8 UHMAKMHBIX HCUBOMHBIX.
OdHo8peMeHHO yMEHbUWUAACH U 8bIPAXCEHHOCMY Aelikoyumo3d. TakuM 06pa3oM, noyHeHHble HaMuU pe3yabmamel c8u-
demesibcmayiom 0 8blpadiceHHOU NPOMUB08OCNAAUMENbHOU aKmusHoCMuU npenapama «/lepmMabuH» y Kpbic ¢ akcnepu-
MeHMa/AbHOU Modebl0 KOHMAKMH020 depmamuma.
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THE EFFECT OF THE GERMANIUM COMPLEX WITH NICOTINIC
ACID ON OXIDATIVE MODIFICATION OF CARDIAC AND
HEPATIC PROTEINS IN THE EXPERIMENTAL CHRONIC
INTOXICATION WITH DOXORUBICIN IN RATS

V.PNarokha

Bogomolets National Medical University

Key words: germanium; nicotinic acid; oxidative modification of proteins; myocardium; liver; doxorubicin

Anthracycline antitumor antibiotics are widely used for the treatment of malignancies, but this group of drugs is known
for their cytotoxic effects, especially cardiotoxicity. It has been proven that the adverse effect of anthracyclines on tissues
is based on formation of the reactive oxygen species that enhance development of the oxidative stress. Among the body
biomolecules proteins are the most sensitive to peroxidation; they can be the primary markers in determining this patho-
logical process at the cellular level. To identify and prevent the oxidative stress is important for prevention of further tissue
apoptosis and necrosis. The aim of the study was to investigate the effect of nicotinic acid and the complex compound of
germanium with nicotinic acid (MIGU-1) on oxidative modification of myocardial and hepatic proteins in the experimental
chronic intoxication with doxorubicin (CID) in rats. The pattern of modifications in the content of protein peroxidation
products (neutral and basic 2,4-dinitrophenylhydrazine) in cardiomyocytes and hepatocytes in rats has been determined;
it shows intensification of the oxidative stress in CID. Nicotinic acid in the dose of 10 mg/kg daily did not exhibit the hepato-
protective effect in CID. It has been proven that the use of the new complex compound of germanium with nicotinic acid
in the dose of 10 mg/kg daily provide attenuation of protein peroxidation in rats’ cardiomyocytes and hepatocytes in CID.
The results obtained allow considering MIGU-1 as a drug with a possible cytoprotective activity, and its further study may

be topical and prospective.

dverse reactions to drug
products take an impor-

tant place in the structure of mor-
bidity and mortality. Anticancer
chemotherapy causes approxima-
tely 30% of all adverse reactions,
cardiotoxicity being the most com-
mon one among them [6]. Forma-
tion of active oxygen species and
their ability to bind to proteins of
myocytes, which can significant-
ly reduce the myocardial contrac-
tility, are major adverse effects
of anthracyclines on the myocar-
dium [11]. The study of protein
oxidative modification (POM) is
stipulated by the role of proteins
in the cell and in the body as a
whole. In addition, they are more
susceptible to free radical oxida-
tion, and their oxidation is the ear-
liest and most stable indicator of
the intensity of generation of ac-
tive oxygen species which can be
mediators of the cell damage in
cardiovascular diseases [4, 9, 15].
Considering the pathological
role of the oxidative stress in de-
velopment of diseases and new

data on the antioxidant proper-
ties of nicotinic acid [12, 14] and
efficacy of complex compounds of
germanium with nicotinicacid [2-4]
the aim of this work is to study
POM in cardiomyocytes and he-
patocytes under the effect of nico-
tinic acid and the complex com-
pound of germanium with nico-
tinic acid (MIGU-1) synthesized
for the first time in the laborato-
ry of the Department of General
Chemistry and Polymers of the
[.I.Mechnikov Odessa National Uni-
versity under the supervision of
professor L.Y.Seifullina on the mo-
del of chronic intoxication with
doxorubicin (CID) in rats.

Materials and Methods

Experiments were carried out
on Wistar albino rats weighing 180-
220 g according to the European
Union Directive 2009/10/63 EU
on the protection of vertebrate ani-
mals used for experimental and
other scientific purposes. All ani-
mals were divided into 4 groups
of 10 animals each: 1) animals re-

V.P.Narokha — teaching assistant of the Department of Pharmaceutical, Biological and
Toxicological Chemistry of the Bogomolets National Medical University (Kyiv)

ceiving 0.9% NaCl intramuscularly
once a week for 5 weeks (group 1,
control); 2) animals receiving doxo-
rubicin (DOX) intramuscularly in
the dose of 5 mg/kg once a week
for 5 weeks (group 2); 3) animals
receiving DOX intramuscularly once
a week for 5 weeks with conco-
mitant intraperitoneal administra-
tion of nicotinic acid in the dose of
10 mg/kg/day (group 3); 4) ani-
mals receiving DOX intramuscu-
larly once a week for 5 weeks with
concomitant intraperitoneal admi-
nistration of complex MIGU-1 in the
dose of 10 mg/kg/day (group 4).
Evaluation of POM intensity
was based on the reaction of pro-
tein carbonyl derivatives and Schiff
bases with 2,4-dinitrophenylhy-
drazine (DNPH) with formation
of neutral and basic 2,4-dinitro-
phenylhydrazones [1]. The opti-
cal density of the dinitrophenyl-
hydrazones formed was recorded
at the wavelengths of 346 nm and
370 nm (neutral aldehyde and ke-
tone oxidative modification pro-
ducts) and at 430 nm and 530 nm
(basic aldehyde and ketone oxi-
dative modification products).
The resulting values were calcu-
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Table 1
The content of protein oxidative modification products
in the heart muscle of rats, CU/mg of protein (M+m), n=40
Neutral products Basic products
Group 356 nm, 370 nm, 430 nm, 530 nm,
aldehyde products | ketone products | aldehyde products | ketone products
Control 0.65 + 0.04 0.44 + 0.04 0.32+0.03 0.23 +£0.02
CID 0.67 +£0.06 0.85+0.07* 0.74 = 0.06* 0.54 + 0.05*
CID + nicotinic acid 10 mg/kg 0.66 + 0.05 0.68 + 0.05** 0.56 + 0.04** 0.39 + 0.03**
CID + MIGU-1 10 mg/kg 0.68 + 0.06 0.59 + 0.04**# 0.49 + 0.05** 0.32 £0.03**

Note. ¥ — comared to the control group (p<0.05); # - compared to the group with CID (p<0.05).

lated per 1 mg of the total pro-
tein using Lowry method [13].
Mean values were compared
using either the t-test or Mann-
Whitney U-test for non-paramet-
ric quantitative sampling. Excel
and Statistica 6.0. programmes
were used for statistical analysis.
All results are presented as M + m
where M - is the mean value, m -
is the standard deviation, p - is
the significance level (p < 0.05).

Results and Discussion

The increase in POM products
in cardiomyocytes and hepatocy-
tes in rats with CID indicates the
activation of free radical proces-
ses and development of the oxi-
dative stress.

The studies have shown that
the content of neutral derivati-
ves in rat hearts (registration at
356 and 370 nm) is 2-fold higher
than the content of alkaline de-
rivatives (registration at 430 and
530 nm) (Tab. 1). These results sug-

of the oxidative stress, neutral al-
dehyde products of POM, domi-
nate in the control group [7].

As aresult of the studies con-
ducted, a significant almost 2-fold
increase in alkaline products was
observed in cardiomyocytes in ani-
mals with CID. In these conditions
formation of protein carbonyl de-
rivatives may be due to oxidation
of amino acid residues, which have
alkaline properties.

The analysis of the POM pro-
duct content in the liver showed
a significant increase in the con-
centrations of the following com-
pounds: the content of both neut-
ral and basic aldehyde- and keto-
ne-dinitrophenylhydrazones was
significantly higher compared to
the control group (Tab. 2).

The injection of nicotinic acid
caused a reduction in POM pro-
ducts though the reduction in neut-
ral and basic products was not
statistically significant.

In the group of rats receiving

significant reduction in neutral
(34.9% for aldehyde products
and 28.6% for ketone products,
p < 0.05) and basic (23.3% for al-
dehyde products and 29.1% for
ketone products, p < 0.05) POM
products was observed compared
to the group of untreated animals
with CID. At the same time, the le-
vels of neutral and basic aldehy-
de products did not significantly
differ from those in the control
group, indicating a significant in-
hibition of free radical oxidation
of the protein molecules when
MIGU-1 was used in CID.
Despite numerous studies of
causes of DOX cytotoxicity, espe-
cially on the myocardial tissue, this
problem is not fully understood
and is the subject of debate. It has
been proven that DOX is able to
enhance the oxidative stress [5],
but there is an assumption that
anthracycline antibiotics can in-
hibit the activity of alpha-actin,
heavy and light chains of myosin,

gest that the secondary markers a complex MIGU-1 a statistically  troponin-I and desmin [10].

Table 2
The content of protein oxidative modification products
in liver of rats, CU/mg of protein (M+m) n=40
Neutral products Basic products
Group 356 nm, 370 nm, 430 nm, 530 nm,
aldehyde products | ketone products | aldehyde products | ketone products

Control 0.92+0.08 1.06+0.09 0.84+0.07 0.92+0.08

CID 1.49+0.13* 1.75+0.14* 1.46x0.11% 2.13+£0.16*

CID +nicotinic acid 10 mg/kg 1.25+0.11* 1.52+0.11* 1.27+0.11% 1.84+0.17%

CID +MIGU-1 10 mg/kg 0.97+0.08* 1.25+0.11% 1.12+0.11% 1.514+0.15%"*

Note. * - compared to the control group (p<0.05); # — compared to the group with CID (p<0.05).
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Decrease in the contractile pro-
tein expression and POM enhan-
cement may be associated with
the loss of the contractile function
by myofibrils and the final myo-
cardial dysfunction. According to
some authors, there is also a cor-
relation between liver diseases
and the use of anthracycline an-
tibiotics [8]. Since the liver per-
forms many metabolic functions
in the human body;, its protection
from toxic damage by anthracy-
cline antibiotics is also important.

Therefore, the data on POM
changes in the heart and liver in

rats with CID after introduction
of the complex of germanium with
nicotinic acid (MIGU-1) indicate the
probable cytoprotective effects of
the complex studied, namely in-
hibition of free radical oxidative
processes in cardiomyocytes and
hepatocytes. It has been determi-
ned that the effectiveness of the
new MIGU-1 combination is sig-
nificantly superior to the effects
of nicotinic acid, and it may indi-
cate its probable cardioprotective
and hepatoprotective effects and
the prospect of further studies of
its cytoprotective effects.
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BII/IMB KOMIVIEKCY TEPMAHIIO 3 HIKOTUHOBOIO KMC/IOTO0 HA OKHUCHY MOAU®PIKALIIO BIUIKIB CEPLIA
TA INIEYIHKH IIYPIB ITPY XPOHIYHIW IHTOKCUKAILII JOKCOPYBIIMHOM

B.Il.Hapoxa

HayioHaavHuii Medu4Huil yHieepcumem im. 0.0.502omoavys

Karouosi caosa: eepmaHitl; HIKOmuHo8a Kuc.10ma; OKUCHa moougikayis 6iakie; miokapd; neuiHka; dokcopybiyuH

IIpomunyxauHHi aHmu6iomuku 3 2pynu aHmMpayukAiHie Wupoko 8UKOPUCMO8YIOMbCsl 0151 NIKYBAHHS 3/105IKICHUX HOBO-
ymeopeHb, 00HaK npenapamu 0aHoi epynu 8idomi ce0im YumMomokcu4HuM eoekmoM, 0c06.1U80 pO38UMKOM KApOiomoK-
cuyHocmi. [losedeHo, wo 8 0CHOBI yWK0Ox*CY8a1bHOI 0if aHmpayukAiHie HA MKAHUHU J1eXCUMb YMBOPeHHSI AKMUBHUX
@opm KucHIo, AKI nocu0I0Mb po38UMok okcudamueHozo cmpecy. Ceped 6ioMo1eKy/1 Op2aHi3My HALIGLIbW 1Y MAUBUMU
do npoyecie nepeKucH020 OKUCHEHHS € bi/KU, K MoXcymb Gymu nepeuHHUM MAPKEPOM y 8U3HAYEHHI HA KAIMUHHUMY
pisHi daH020 namos102i4Ho20 npoyecy. BusHaveHHs1 ma nonepediceHHs1 po38UMKy 0OKCUdamue8H020 CMpecy € 8aXcAUBUM
015 3ano6izaHHsA NodabWO020 anonmosy ma Hekpo3y mkaHuH. Mema docaidxiceHHs nos2ana y susdeHHi enausy Hiko-
MUHOB0I KUC10mu ma KOMNJAEKCHOI CNolyKu 2epMaHir 3 HikomuHosow Kucaomor (MIT'Y-1) Ha okucHy modugikayiro
6is1Kie y mMiokapdi ma neviHyi wypie npu ekchepumeHmMabHill XxpoHIiuHitl iHmokcukayii dokcopybiyuHom. BcmaHnoeseHo
Xxapakmep 3MiH eMicmy npodykmie nepeKucHo20 OKUCHeHHS 6iaKis (2,4-dunimpogenineiopasonie HelimpaabHo20 ma
0CHOBHO20 Xxapakmepy) 6 kapdiomioyumax ma 2zenamoyumax wypis, akuil ceid4ums npo NOCUNeHHs1 OKCUAAMUBHO20
cmpecy 8 ymosax XxpoHiuHoi IHmokcukayii dokcopybiyunom. HikomuHosa kucsaoma e do3i 10 m2/ke ujodeHHO He YHUHUAa
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2enamonpomekmopHoz0 enausy 6 ymoeax XI/]. /loeedeHo, ujo eukopucmaHHs Hogoi KoopouHayiliHoi cnoayku 2epma-
HII0 3 HIKOMUHOB010 Kuca0mot 8 003i 10 M2/kz2 WodeHHO cnpusie 3aMmyXaHHI0 NPoyecy NepeKUucHO20 OKUCHEHHS OiaKI8
y Kapdiomioyumax ma zenamoyumax wypie Ha mai X1/]. Ompumaui peaysemamu do3goasrome poseasdamu MIT'Y-1
8 ssKocmi npenapamy 3 8ipo2idHO0 YUmMonpomeKmopHow akmusHicmio, a io2o nodabuie 8USYEHHS AKMYAJAbHUM Mda
nepcnekmueHuUM.

B/IMAHUE KOMIIJIEKCA TEPMAHHUA C HHKOTHHOBOIX}(HC]IOTOF[ HA OKHCJ/IMTEJIbHYIO MOAUPUKALIUIO
BEJIKOB CEPAUA YU MTEYEHU KPbIC TP XPOHUYECKOU MHTOKCUKALIMH JOKCOPYBULIMHOM

B.Il.Hapoxa
HayuoHaawbHb1il MeduyuHcKull yHugepcumem um. A.A.bozomorbya
Karouesvle cno08a: eepMaHull; HUKOMUHOBAS KUC1I0MA; OKUCAUMeAbHAsl Modudukayusl 6e/1K08; MUokapd; neueHb; OKCopyouyuH

IIpomusoonyxosesvie aHMUOUOMUKU U3 2pyNnnbl GHMPAYUKAUHOB WUPOKO UCNOAb3YIOMCsl 0/151 Ae4eHUs! 310Ka4ecmeeH-
HblX H08006pa3osaHull, 00HaKO npenapamul 0aHHOU 2pynnbl U38ECMHbI CBOUM YUMOMoKkcu4eckum agpghekmom, ocobeH-
Ho pazgumuem KapduomokcuyHocmu. /JokazaHo, ¥mo 8 0CHO8e nogpedcdarowezo delicmeust AHMpayuUKAUHO8 HA MKAHU
Jiesxcum 06paszosarue akmugHbslX hopm Kuca0pooa, Komopule ycuausarom pasdgumue okcudamugHozo cmpecca. Cpedu
6UOMO/1eKY/l OP2AHU3MA HAUGO1ee Yy8CmaumeabHbIMU K NPOYeccam nepekUcHo20 OKUCAeHUs S85K0mcsl 6e/KU, Komo-
pble Mo2ym 6blmb NepeUYHbIMU MAPKepamu 8 onpedeeHUU HA K/AemovYHOM yposHe daHHO20 hamo/102u4ecKo20 npoyec-
ca. Bvisisnenue u npedynpesicdenue pasgumust okcudamugHo20 cmpecca s185110mMcsl 8ANHCHbIMU 0151 npedomepaujeHust
noczedynouje2o HeKpo3a u anonmosa mkaueli. Ljesvro ucciedosaHus 6bl10 uzydeHue 8AUsSHUS HUKOMUHOBOU KUC/10Mbl
U KOOpOUHAYUOHHO20 COeQUHEHUSs1 2epMAHUsl ¢ HUKOMUHOo8oU kucsaomotl (MHUI'Y-1) Ha okucaumeavbHyto modugukayuio
6e/1K08 8 MUOKApde U ne4eHU KpbiC NpU IKCNePUMEHMA/AbHOU XpOHU4eckol UHmMoKkcukayuu dokcopybuyuHom (XU/).
YemaHoeseH xapakmep uameHeHull codepicarusi npodykmoe nepeKkucHo20 oKucaeHus 6eakos (2,4-duHumpogpenuazu-
dpasoHos Helimpa/ibHO20 U OCHOBHO20 Xapakmepa) 8 KapouoMuoyumax u 2enamoyumax Kpbic, Komopblil ykasbieaem Ha
ycuseHue okcudamugHozo cmpecca 8 ycaosusx XH/l. HukomuHogas kucaoma e dose 10 me/ke excedHe8HO He 8blsi8UAd
2enamonpomekmopHo20 8ausiHus 8 ycaogusix XU/, /lokazaHo. 4mo ucho/1b308aHue H08020 KOOPOUHAYUOHHO20 coedu-
HeHUsl 2epMaHusl C HUKOMUHOB0U Kucsomoli 8 doze 10 me/kz excedHe8HO cnocobcmayem 3amyXxaHuro npoyecca nepe-
KUCHO20 OKUC/IeHUsl 6eaK08 8 Kapduomuoyumax u 2zenamoyumax Ha gore XH/]. [lonyuentble pe3yabmamsl N0360.1510m
paccmampusams MUTY-1 8 kauecmee npenapama ¢ 803MONHCHOU YumMonpomeKmopHoll akKmugHOCMblo, a e2o UsyveHue
aKmMya/bHbIM U NEPCNeKmMu8HbIM.
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THE RENAL EFFECTS OF THE GOUTWEED (AEGOPODIUM
PODAGRARIA L.) TINCTURE AND METFORMIN IN
DEXAMETHASONE-TREATED RATS

0.V.Tovchiga, S.Yu.Shtrygol, A.V.Taran, T.K.Yudkevich

National University of Pharmacy
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The tincture obtained from the goutweed (Aegopodium podagraria L.) aerial part is characterized by favourable metabol-
ic and organoprotective effects and can partially increase the efficacy of metformin in the animals receiving high doses of
dexamethasone. The aim of this study was to assess the effect of the goutweed tincture combined with metformin on the ex-
cretory renal function and the state of mineral metabolism in dexamethasone-treated rats. The animals were divided into
5 groups as follows: intact control, dexamethasone (untreated), dexamethasone + metformin, 50 mg/kg intragastrically;
dexamethasone + goutweed tincture, 1 ml/kg intragastrically; dexamethasone + metformin, 50 mg/kg intragastrically +
goutweed tincture, 1 ml/kg intragastrically. Dexamethasone was administered in the dose of 5 mg/kg subcutaneously for
5days. On day 5 the status of the excretory renal function (ERF) was assessed in the water-loading test. No evidence of the
abrupt changes in the functional state of the kidney was observed under the effect of dexamethasone. Combination of the
goutweed tincture with metformin did not cause an unfavourable effect on the kidney function; it was evident from the
stability of partial kidney function markers, including the indices of sodium transport, as well as the plasma electrolyte
content. The advantages of the combination studied (compared to the monotherapy with metformin) are reduction of
proteinuria and enzymuria, as well as normalization of the blood potassium content increased against the background
of dexamethasone. The results substantiate the expedience of combining the goutweed tincture with metformin and the

further studies of such combination.

he combined use of con-

ventional medicines with
herbal drugs and phytochemical
constituents necessitate verifica-
tion of the expediency of such com-
binations. These aspects are of spe-
cial significance in case of meta-
bolic syndrome and type 2 diabe-
tes because of the need in lifelong
treatment together with high pre-
valence of these diseases. Poten-
tial herb-drug pharmacokinetic
and pharmacodynamic interac-
tions are highly possible in such
patients who are getting more in-
terested in traditional herbal me-
dicines. From the other point of
view, herbal drugs may enhance
the efficacy of the conventional an-
tihyperglycemic medicines and fa-
vourably broaden their pharma-
codynamics [16].

The object of our study is gout-
weed (Aegopodium podagraria L.,
GW) that has been used in tradi-
tional medicine for a long time and
is under extensive research now.
Hydroxycinnamic acids, flavonoids,
protein-polysaccharide complex

components, micro- and macro-
elements were identified in its raw
material [6, 14]. A dry extract and
the tincture obtained from the GW
aerial part are standardized for
the hydroxycinnamic acids con-
tent and are characterized by the
low toxicity level confirmed ex-
perimentally [6, 8]. These drugs
exert the antihyperglycemic, nor-
mouricemic, nephro- and hepato-
protective effects [6, 8, 17]. Only
the GW tincture appeared to be
especially effective in carbohyd-
rate metabolism disorders, and re-
cently the expediency of its com-
bining with metformin as the wi-
dely prescribed first line agent of
peroral normoglycemic drugs was
substantiated [18, 19]. The tinc-
ture partially increases the effica-
cy of metformin in dexamethaso-
ne-treated rats (the permissive ef-
fect in regard to glucose and lipid
metabolism normalization, reduc-
tion in the plasma ALT activity and
increase in the urea clearance, as
well as normalization of the plas-
ma ALP activity) [18, 19]. Itis ge-
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nerally accepted that the kidney
is among the target organs in dia-
betes and dyslipidemia, while po-
lymodal nephrotropic effects are
inherent to the GW tincture [6, 8,
17]; therefore, it is expedient to
complete the aforesaid data with
the results concerning the kidney
function and mineral metabolism.

The aim of this study was to
assess the effect of the goutweed
tincture combined with metfor-
min on the excretory renal func-
tion and the state of mineral me-
tabolism in dexamethasone-trea-
ted rats.

Materials and Methods

Outbred albino rats from the
Central Research Laboratory of the
National University of Pharmacy
were used. Male rats weighing
180-240 g were kept under con-
trolled standard conditions, on a
natural light-dark cycle [4]. All the
protocols were approved by the
Bioethics Commission of the Na-
tional University of Pharmacy and
were in accordance with “Direc-
tive 2010/63/EU of the European
Parliament and of the Council of
22 September 2010 on the pro-
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tection of animals used for scien-
tific purposes.”

The animals were divided into
5 groups as follows: intact cont-
rol, dexamethasone (untreated),
dexamethasone + metformin,
50 mg/kg intragastrically; dexa-
methasone + GW tincture, 1 ml/kg
intragastrically; dexamethasone +
metformin, 50 mg/kg intragastri-
cally + GW tincture, 1 ml/kg intra-
gastrically (n=6-7 in each group).
Dexamethasone (solution for in-
jection, 4 mg/ml, KRKA, d. d., Slo-
venia) was administered in the dose
of 5 mg/kg subcutaneously for 5
days as characterized previously
[18, 19]. Metformin was used in
the dose of 50 mg/kg intragast-
rically since it was expedient to
use low doses while studying the
possibility of synergism (still this
dose was found to be effective on
the model of diabetes [20]). The
dose of 1 ml/kg intragastrically
in the GW tincture was chosen
since being safe in the intact ani-
mals [17] it demonstrated effica-
cy in animals with carbohydrate
metabolism disorders as descri-
bed in [18, 19]. The interval bet-
ween the administration of the GW
tincture and metformin equalled
40 min to minimize interaction at
the level of absorption. On day 5
in 40 min after the drugs admi-
nistration (the rats fasted for 12
hours before it) the status of the
excretory renal function (ERF) was
determined. After introduction of
water loading at a rate of 3% of
the body weight the urine was col-
lected for two hours. The animals
were previously adapted to the
conditions of the experiment [3].
After this, heparinized blood sam-
ples were drawn by exsanguina-
tion from barbiturate-anestheti-
zed animals and the plasma was
separated immediately by centri-
fugation.

The sodium and potassium con-
tent in the urine and the blood
plasma was measured using the
flame photometry method, creati-
nine - by Jaffe reaction. The pro-
tein concentration in the urine was
assayed by the reaction with sul-

phosalicylic acid, the alkaline phos-
phatase (ALP) activity - by mea-
surement of the amount of phe-
nol liberated from the hydrolysed
substrate. The content of calcium
and inorganic phosphates in the
plasma was determined using the
reactions with arsenazo I1I ligand
and with molybdic acid, respec-
tively. Commercially-available kits
from Filisit-Diagnostika (Ukraine)
were used. By the generally ac-
cepted formula, creatinine, pro-
tein, sodium and potassium ex-
cretion were calculated, as well
as Na*/K* ratio in the urine and
plasma. The creatinine and sodi-
um concentration in the plasma
and urine were also used for es-
timation of the glomerular filtra-
tion rate (GFR), the relative wa-
ter reabsorption (Ry,,), the abso-
lute and relative sodium reabsorp-
tion, its proximal and distal trans-
port (RpNa* and RdNa*) [7].
Medians, 25% and 75% per-
centiles (upper and lower quar-
tiles), were calculated, as well as
the traditionally used arithmetic
means and their standard errors
(M#£m). Taking into account a prob-
lematical character of multiple com-
parisons in pharmacology and to-
xicology the comparison of the
central tendencies of independ-
ent samples was performed us-
ing Mann-Whitney U-criterion.

Results and Discussion

Dexamethasone-induced mo-
del is commonly used for the stu-
dies of drugs affecting the patho-
genetic mechanisms of type 2 dia-
betes and the metabolic syndro-
me [4]. A significant increase in
basal glycemia and the liver gly-
cogen level, as well as reduction
of insulin sensitivity and toleran-
ce to the glucose load were obser-
ved in our studies under the ef-
fect of dexamethasone in the dose
of 5 mg/kg as reported previous-
ly [18]. There were negative chan-
ges in lipid metabolism and cata-
bolic changes with the body weight
decrease and increase in the plas-
ma urea and its renal excretion.
The AST and especially ALT acti-

vity in the blood plasma was ele-
vated, and it was associated with
the metabolic changes (possibly
gluconeogenesis intensification)
rather than with a marked cyto-
lysis (indirectly confirmed with
the absence of increase of the
y-glutamyltransferase activity as
a sensitive marker of the hepato-
cyte injury) [18, 19].

According to the results obtai-
ned in the current study (Tab. 1, 2)
there were no changes in parame-
ters undergoing a strict homeo-
static regulation, such as plasma
sodium and calcium. The creati-
nine content remained practical-
ly unchanged (the slight tenden-
cy to the increase was seen in all
groups receiving dexamethasone),
as well as the GFR rate, together
with the unchanged plasma sodi-
um providing the stability of the
filtered load of Na*. All these data
indicate the absence of the seve-
re nephrotoxic effect that is expec-
ted taking into account dexame-
thasone pharmacological proper-
ties. Besides, this drug is charac-
terized by the minimal mineralo-
corticoid activity [9]. As seen from
Tab. 1, 2, the plasma and urine
Na*/K* ratios, which are usually
considered to be reliable markers
of the mineralocorticoid control
of the distal tubules, do not show
any significant differences between
the groups. In rats receiving de-
xamethasone the sodium and po-
tassium excretions were equally
increased (the natriuresis increa-
se in the untreated group was not
found to be statistically significant
because of high inter-individual
variability of this value). High in-
ter-individual variability was also
inherent to RpNa* and RdNa*, both
of these values, especially RpNa*,
showed a clear tendency to reduc-
tion and a statistically significant
decrease in relative sodium reab-
sorption was observed (Tab. 2).
In the animals receiving metfor-
min relative sodium reabsorption
approximated to the value of the
intact control, and the excretion
of this cation slightly decreased.
When metformin was used in com-
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Table 1

The effect of the goutweed tincture and metformin on the biochemical values of plasma
in rats receiving dexamethasone; Mean * S.E.M; Q;, (Q,5s-Q,;), n=5-7 in each group

D Dexamethasone
examethasone | Dexamethasone + metformin
Indices Intact control Dexamethasone + metformin, + GW tincture, !
50 mg/kg 1 ml/kg S0 gl < G
tincture, 1 ml/kg
Plasma creatinine 64.7+3.20 75.614.25 71.4+3.40 67.9+2.78 73.0+4.38
LM/1 ! 65.8 78.8 70.5 70.5 74.6
(58.1-71.3) (70.5-79.3) (70.5-70.5) (64.3-72.1) (67.0-78.8)
Plasma sodium 154+5.84 150+5.88 147+6.81 148+6.79 145+6.79
mmol/I ! 146 150 148 147 148
(141-169) (144-158) (140-152) (140-152) (131-160)
Plasma potassium 4.17+0.15 4.88+0.38" 4,96+0.20™ 4.67+0.26 4.40+0.18
mmol/I ! 4.23 475 5.04 4.39 4.30
(3.95-4.37) (4.29-5.24) (4.60-5.12) (4.30-4.99) (4.22-4.73)
Plasma Na-* /K* 36.0+2.44 31.5+2.30 30.9+2.35 32.5+2.16 33.1+1.39
ratio 36.3 32.1 294 32.0 32.5
(31.7-39.2) (21.8-33.9) (27.1-34.7) (28.5-34.5) (30.4-35.7)
Plasma calcium 2.11+0.09 2.11+0.14 1.97+0.13 2.11+0.09 1.86+0.15
mmol/I ! 2.12 2.06 2.03 2.10 1.90
(1.97-2.24) (1.95-2.29) (1.70-2.22) (2.08-2.19) (1.73-2.03)
Plasma inorganic 2.17+0.43 2.51+0.14 2.18+0.20" 2.73+0.24 3.03+0.16*
phosphate, mmol/l 2.23 2.48 2.13 243 3.14
! (1.23-3.09) (2.23-2.79) (1.95-2.50) (2.38-3.19) (2.99-3.18)

Note. * — p<0.05 compared to the intact control; # - p<0.05 compared to the untreated group; A — p<0.05 compared to the group
receiving metformin and GW tincture. GW - goutweed. Medians are given in bold.

bination with the GW tincture,
these changes were not observed,
and the indices of sodium trans-
port were close to that of the un-
treated group receiving dexame-
thasone. The same situation was
registered in rats receiving GW
reduction per se. Besides, in both
groups treated with the tincture
there was a decline of R;;,;, and it
reached its statistical significance
in the group receiving the combi-
nation studied. Diuresis was in-
creased to some extent in these
rats.

An increase in the plasma po-
tassium level was seen in dexame-
thasone-treated rats. The signifi-
cantly increased potassium excre-
tion in the untreated group indi-
cates the counteraction of the re-
nal mechanisms to hyperkalemia
development, still not providing
the complete normalization of this
value. The changes in potassium
exchange in this group can be at-
tributed to redistribution of the
cation between tissue depots and
the blood plasma. It can be noted

that these processes are closely
interrelated with insulin effects
and its ability to increase the cel-
lular potassium uptake is gene-
rally known. Potassium exchange
is considered as an important link
between carbohydrate metabolism
and renin-angiotensin-aldostero-
ne system (RAAS) with the nume-
rous feedbacks [12]. As described
previously [18], insulin resistan-
ce was clearly seen in dexametha-
sone-treated rats, but further re-
search is needed to verify an as-
sumption about its involvement
into potassium redistribution.
However, neither insulin resistan-
ce [18], nor the plasma potassium
level (Tab. 1) improved under the
effect of metformin (presumably
because of the respectively low
dose used). It has been shown
that the state of RAAS is not indif-
ferent for metformin efficacy in
diabetic animals [15], but in that
work a substantial RAAS activa-
tion was achieved, and it was not
seen in our studies. The GW tinc-
ture, in contrast to metformin, was

able to normalize the plasma po-
tassium: this value in both groups
treated with the tincture did not
show any significant differences
with the intact group data, and sta-
tistically significant differences were
registered between the group re-
ceiving metformin per se and the
group receiving the combination
studied. In the latter the potassi-
um excretion increased insignifi-
cantly, and, as stated above, there
were no distinct signs of aldo-
sterone involvement into these
changes. Therefore, kalemia main-
tenance is with high probability
linked to the extrarenal mecha-
nisms of the GW tincture ac-
tion and can be associated with
overcoming insulin resistance [18],
as well as with the other proces-
ses at the level of membrane trans-
port (phenolic compounds present
in GW can mediate such effects as
discussed in [6, 18]). In the con-
text of the parameters studied it
is not without interest that the in-
organic phosphates content in the
plasma increased in the group re-
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Table 2

The effect of the goutweed tincture and metformin on the kidney function
in rats receiving dexamethasone; Mean * S.E.M; Q;, (Q,5-Q,5), n=5-7 in each group

Dexamethasone
Dexamethasone | Dexamethasone + metformin
Indices Intact control Dexamethasone | + metformin, + GW tincture, 50 mg/kg + GW
e U Gt tincture, 1 ml/kg
Diuresis 2.18+0.26 1.87+0.25 2.13+0.40 2.30+0.33 2.97+0.50
ml/100 é for2h 2.07 2.15 2.09 2.00 3.31
(1.62-2.76) (1.54-2.30) (1.56-2.87) (1.73-2.89) (2.31-3.71)
Creatinine excretion 4,72+0.31 4.36+0.40 5.17+0.59 4,05+0.72 4,93+0.79
LM/100 g for 2 h ! 5.01 4.03 5.44 3.75 4,79
(4.48-5.04) (3.62-5.21) (5.07-6.15) (2.71-4.93) (3.55-5.69)
0.611+0.038 0.493+0.065 0.580:0.082 0.509:+0.097 0.569+0.100
GFR, ml/min for 100 g 0.600 0.477 0.589 0.465 0.509
(0.538-0.667) (0.381-0.572) (0.555-0.714) (0.308-0.708) (0.426-0.599)
Filtered load of Na* 93.4+5.81 73.7£11.0 80.3+12.1 74.8+14.2 83.6+17.2
LM/min per100 g ! 90.3 70.9 83.5 66.5 70.6
(87.0-101.9) (57.7-97.0) (70.2-93.5) (47.0-100.1) (57.5-83.4)
ALP activity in the 1.09+0.36 1.66+0.21 1.88+0.51 0.88+0.27# 1.10+0.38
urine, ucat/I 1.17 1.83 1.57 0.66 0.73
! (0.30-1.55) (1.33-1.90) (0.94-2.89) (0.53-1.37) (0.53-1.27)
ALP activity in the 14.2+4.45 17.0+£3.11 9.07+2.00 6.98+2.61# 11.3+£3.32*
urine, pcat/1 g of the 13.2 15.1 7.89 4.24 9.57
excreted protein (7.71-16.7) (13.2-17.7) (6.70-11.2) (3.84-10.6) (8.00-10.5)
ALP activity in the 0.2160.070 0.383:+0.040° 0.349+0.078 0.210:+0.040 0.234+0.073
urine, pcat/1 umol of 0.260 0.352 0.265 0.238 0.151
creatinine (0.061-0.287) (0.329-0.421) (0.245-0.482) (0.212-0.255) (0.108-0.372)
Protein excretion, 2.10+0.36 3.51+0.78 5.57+1.30" 5.24+0.82" 4.24+0.83"
pg/1 ml of the 2.06 3.53 5.46 4.81 3.67
glomerular filtrate (1.49-2.11) (2.02-4.49) (4.06-6.97) (3.74-6.53) (3.33-5.06)
96.88+0.51 96.83+0.26 96.14+1.35 95.90+0.45 95.58+0.53"
Relative R of H,0, % 97.52 96.87 97.25 95.51 95.01
(95.52-98.06) (96.62-97.25) (95.28-97.73) (95.17-96.51) (94.72-96.16)
93.2+5.76 73.3%+11.0 80.1+12.1 74.4+14.2 83.1+17.0
Absolute R of Na*, % 89.8 70.5 83.3 66.3 70.2
(86.9-102) (57.4-96.6) (70.1-93.3) (46.7-99.7) (57.2-83.1)
99.77+0.07 99.47+0.05" 99.67+0.14 99.47+0.11" 99.44+0.16
Relative R of Na*, % 99.81 99.50 99.77 99.56 99.49
(99.70-99.90) (99.38-99.53) (99.60-99.84) (99.48-99.62) (99.22-99.68)
N 10.9+0.70 8.56+1.29 9.30+1.52 8.63+1.67 9.60+2.00
Rgﬁg’ga mM/2h 10.6 8.16 9.66 7.60 8.02
P 9 (10.1-11.8) (6.69-11.3) (8.14-10.8) (5.38-11.7) (6.68-9.48)
. 312+51.9 234+394 307+96.0 296+46.1 374+65.4
Rgr%g'a /uM/2h 293 251 331 247 404
P 9 (207-427) (199-303) (172-466) (229-386) (286-500)
Sodium excretion 26.8+8.39 46.1+£8.36 32.1+£5.35 41.8+4.90 58.9+23.6
mol/100 g for 2 P,1 23.8 39.6 34.2 43.6 39.8
H 9 (10.4-39.8) (34.9-45.9) (24.2-40.7) (34.7-50.4) (24.5-74.8)
Potassium excretion 24.4+3.58 42.5+5.53" 25.5+6.90 38.7+£10.7 40.9+12.7
umol/100 g for 2 h ! 249 45.7 20.5 24.4 29.5
(17.1-30.2) (34.1-52.3) (12.5-32.1) (22.4-58.5) (18.3-54.3)
1.32+0.56 1.09+0.11 1.68+0.53 1.34+0.21 1.25+0.20
Urine Na*/K*ratio 0.955 1.023 1.152 1.442 1.323
(0.38-1.43) (0.88-1.25) (0.89-1.92) (0.95-1.62) (1.22-1.52)

Note. * — p<0.05 compared to the intact control; ** - p<0.02 compared to the intact control; *** — p<0.01 compared to the
intact control; # - p<0.05 compared to the untreated group; ## — p<0.02 compared to the untreated group. GW - goutweed,

R - reabsorption, Rp — proximal transport, Rd — distal transport. Medians are given in bold.
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Fig. The effect of the goutweed fincture and metformin on proteinuria in rats receiving dexamethasone;
Mean * S.E.M; n=5-7 in each group
Note. ** - p<0.02 compared to the intact control; *** — p<0.01 compared to the intact control;

# — p<0.05 compared to the untreated group; AMA —p<0.01 compared to the group receiving metformin
and GW fincture; & — p<0.05 compared to the group receiving metformin. GW — goutweed

ceiving the combined treatment
(p<0.05 compared to the values
of the untreated and to metform-
in-treated group), while insulin is
known to stimulate renal reab-
sorption of phosphates [10], and
renal handling is the main site of
regulation of their plasma content.

The results also indicated an
unexpected phenomenon, name-
ly the tendency to the increase in
proteinuria and protein excretion
in rats receiving dexamethasone
and a significant increase in the
urine protein and its excretion
(absolute, as well as standardized
for creatinine excretion or the fil-
tration rate) in animals treated with
metformin (Tab. 2, Fig.). There is
definitely no clinical evidence of
metformin nephrotoxicity. How-
ever, targeted nephroprotective ef-
fects (exceeding the indirect be-
nefits from metabolism and blood
pressure normalization) are not
inherent to this drug. In type 2 dia-
betic patients with incipient ne-
phropathy no favourable changes
in renal hemodynamics were seen

under the effect of metformin de-
spite the decreased urine albumin
excretion rate [11], and even a slow
increase in the albumin/creatini-
ne ratio was observed in patients
with type 2 diabetes treated with
this drug for 5 years [13]. Thus, it
seems promising to complete met-
formin pharmacodynamics with
nephroprotective properties, and
such situation occurred when it
was combined with the GW tinc-
ture (which ability to counteract
proteinuria was previously pro-
ven [6]). The protein content in
the urine was significantly lower
in rats receiving the combination
compared to the animals treated
with metformin per se (Tab. 2, Fig.).
The decrease in all calculated va-
lues of protein excretion was not
so evident, possibly, because of the
increased diuresis.

The ALP activity was determi-
ned in the urine since this mem-
brane associated enzyme indica-
tes the structural and functional
integrity of nephrons and is used
in the modern experimental eva-

luation of nephroprotectors [1].
There was a certain increase in
this value under the influence of
dexamethasone (Tab. 2), while the
GW tincture per se and in combi-
nation with metformin decreased
it. The difference with the untrea-
ted group was statistically signi-
ficant when the values were stan-
dardized for the protein content,
indicating that the effect was not
completely mediated by protei-
nuria counteraction, which could
be considered as an additional be-
nefit.

CONCLUSIONS

1. The results of the study;, to-
gether with the data obtained pre-
viously in dexamethasone-trea-
ted rats, substantiate the expedi-
ence of combining metformin with
the goutweed tincture. This com-
bination (metformin in the dose
of 50 mg/kg intragastrically and
the tincture in the dose of 1 ml/kg
intragastrically), in contrast to
the monotherapy with metformin
(50 mg/kg intragastrically), de-
monstrates such benefits as re-
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duction of proteinuria and enzy-
muria (as the markers of the kid-
ney injury), as well as normali-
zation of potassium exchange.

2. The goutweed tincture com-
bined with metformin does not

show an unfavourable effect on
the kidney function; it is evident
from the stability of partial kid-
ney function markers, including
the indices of sodium transport
determined in the water-loading

test as well as the plasma electro-
lyte content.

3. It is expedient to conduct
the in-depth study of interaction
of the goutweed tincture with
metformin.
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PEHAJIbHI EOEKTH HACTOMKMU AIMII 3BUYAMHOI (AEGOPODIUM PODAGRARIA L.) TA MET®OPMIHY B IIYPIB
I3 MOPYIIEHHAMMU METABOJII3MY, CHIPHYUMHEHUMU JEKCAMETA30HOM

0.B.Tosuuza, C.I0.Illmpuzoas, A.B.TapaH, T.K.I0dkeeuu
HayioHaawHuiil ghapmayeemuyHuii yHigepcumem

Karouosi caosa: seauys 3guuatina (Aegopodium podagraria L.); dekcamemasoH; memg@opMmiH; wypu; KOM6IHOBaHI nhpenapamu;
HUpKa

Hacmotika Had3emHoi wacmuHu sizauyi 3guvatiHoi (Aegopodium podagraria L.) xapakmepu3syemcsi cnpusim/augumu me-
ma6oAlMHUMU Ma 0peaHoNpOMeKmopHUMU epeKmamMu I Yacmkoso nidsuwye efpekmugHicms memgopMiHy y meapuH i3 no-
DPYUWEHHAMU 0OMIHY PeHO8UH, CNPUHUHEHUMU deKcamMema3oHoM. Mema daHozo docaidiceHHs — ecmaHosumu ehekmus-
Hicmb Hacmoliku s2auyi 8 NOEOHAHHI 3 MeM@POPMIHOM HA 8UJiNbHY PYHKYIO HUPOK MA CMAH MIHEpA/1bHO20 0O6MIHY y
wypis, AkKi ompumyroms dekcamemasoH. TeapuH paHdomizysanu Ha 5 epyn: IHmakmHuli KOHMpPo/1b, deKcamemasoH (Mo-
desbHa namo.ioeis); dekcamemasoH + memgpopmin, 50 me/ke BHympiwHbOWAYHKOBO (8/U1); dekcamemasoH + Hacmotika
seauyi, 1 ma/ke 8/w; dekcamemasoH + memgopmin, 50 me/ke 8/w + Hacmolika sieauyi, 1 ma/ke e/w. JJekcamemasoH
e8goduau y dosi 5 m2/kz nidwkipHo enpodosdic 5 dHis. Ha 5 deHb susHauaau cmaH 8udinbHoi yHKYIi HUPOK 8 ymosax
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800H020 diypesy. Ha mai dekcamemasoHy He cnocmepiz2aau pi3kux 3cysie (pyHKYIOHA1bHO20 CMAHy HUPOK. 3a N0EOHAHO-
20 88edeHHs1 HACMOUKU S21uyi ma Mem@opMiHy maKoxic He peecmpysanu HeCNPUAMAUBUX 3MIH NAPYIanbHuXx GyHKYitl
HUPOK 3a HE3MIHHUX NOKA3HUKI8 mpaHcnopmy Hampiro, siK i e1ekmpo1imHozo ckaady kposi. [lo nepesae docaioxcyeaHoi
KoM6IHayii (nopigHsiHO 3 MOHOMepanielo Mem@opMiHoM) cai0 8i0Hecmu 3HUNCEHHs npomeinypii ma gpepmenmypii, a ma-
KoJic HopMmazizayiro emicmy kasito y naa3mi kposi (nidsuwjeHozo Ha mai dekcamema3soHy). Pesynremamu o6rpyHmo-
8yHmMb J0Yi/1bHICMb NOEGHAHO20 3ACMOCYB8AHHS HACMOUKU s2auyi 3 Mem@opMiHOM nicast nodaabwux 0ocAidxiceHs yiei
KoMOiHayil.

PEHAJIbHBIE 3®®EKTbI HACTOMKHU CHBITH OBBIKHOBEHHOM (AEGOPODIUM PODAGRARIA L.) U MET®OPMUHA
Y KPbIC C HAPYIIEHUAMMUW METABOJIN3MA, BbI3BAHHBIMH IEKCAMETA30HOM

0.B.Tosuuza, C.I0.lllmpwsicoas, A.B.TapaH, T.K.l0dkeeuu
HayuoHaawvHbill hapmayeemuyeckuii yHugepcumem

Karouesvle cn06a: cHbimb 06bikHOBeHHAs1 (Aegopodium podagraria L.); dekcamemasoH; memg@opMuH; KpbiCbl;
KOMOUHUPOBAHHbIE Npenapamol; NOYKA

Hacmoiika Had3emHoll yacmu cHblmu 06bikHO8eHHOU (Aegopodium podagraria L.) xapakmepu3syemcsi 61020npusimHsIMu
MemaboauveckuMu U 0p2aHonpomeKmopHsuiMu 3gpekmamu u yacmuvHo nosgvluwiaem s@@ekmueHocms Memg@bopMuHa
Y JCUBOMHDIX C HAPYWeEHUSIMU 06MeHa 8eujecms, 8bI36AHHbIMU 8bICOKUMU d03aMu dekcamemasoHa. Lleab Hacmosiuje2o
uccaedosaHust - ycmaHo8ums 3 heKkmusHoCMb HACMOUKU CHbIMU 8 COYeMaHuU ¢ MeM@OPMUHOM HA 8bIOEUMESLHYHO
@PYyHKYUIO hoYeK U COCMOosIHUe MUHEePA/AbHO20 06MeHA Y KPblc, noay4auux dekcamemasoH. JKueomHuix paHdomu3su-
posau Ha 5 epynn: uUHMakmMHbsIl KOHMPO/b, deKcamemasoH (ModeabHAss hamoozusl); dekcamemasoH + Memg@popMuH,
50 me/Kke sHympusicenydouro (8/2ic); dekcamemasoH + Hacmotika cHoimu, 1 ma/ke 8/c; dekcamemasoH + memg@opMmuH,
50 mz/ke 8/xc + Hacmoltika cHbimu, 1 ma/ke 8/x#c. [lekcamemasoH 8soduau e dose 5 me/k2 nodKo}CHO 8 meyeHue 5 OHell.
Ha 5 denb onpedensinu cocmosiHue 8bldesiumensbHol hyHKYUU NoYeK 8 yCa08Usix 800H020 duypesa. Ha ¢hone dekcamema-
30HA pe3Kue uaMeHeHUs PYHKYUOHAAbHO20 COCMOSIHUSI NoYeK He Habtdaaucs. [Ipu couemaHHoM 8eedeHUU HACMOUKU
CHbIMU U Mem@POPMUHA MAKIHCE He pe2ucmpupo8aiu Heb61a20NPpUsiMHbIX U3MeHEHUL NapyuaabHbIX hYHKYUll noyek npu
Heu3MeHHbIX NoKazameJ/isix mpaHcnopma Hampusi, Kak u 31eKmpo/umHozo cocmaea kposu. [Ipeumywecmesa uccaedy-
eMoll KoMbuHayuu (no cpagHeHurw ¢ MoHomepanueli Mem@oOpPMUHOM): CHUNCEHUEe NPOMeUuHypuu u gpepmeHmypuu, a
Maksice HOPMAAU3AYUsl CO0ePHCAHUS KAAUsl 8 Na3Me Kpo8u (nosvluleHH020 Ha hoHe dekcamema3soHa). Pe3ysbmambi
060CHO08bIBAIOM U€1eC006pA3HOCMb CO4emaHH020 NPUMeHEeHUsl HACMOUKU CHbIMU ¢ Mem@OopMUHOM nocse daabHetwux
uccsaedogaHull 3mot KOM6UHAYUU.
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AO0303AJIEXXHICTD E®EKTIB IIEPCIIEKTUBHOI'O
AHTUAEIIPECAHTA 3 HOOTPOITHUMH BJIACTUBOCTAMH
2-METWJI-3-(PEHIJIAMIHOMETWUJI)-1H-XIHOJIIH-4-OHY

LM.ITodoawbceovkuil, C.10.IlImpuzoas

HauionanbHui papMalieBTUYHUN YHIBEPCUTET

Karwouosi cnosa: 2-memua-3-(geHinaminomemun)-1H-xiHoaiH-4-0H; do303a1excHICMb; mecm

nideiwysaHHs 3a xgicm; mecm yMOB8HOI peakyii nacu8Ho20 yHUKHEHHs1

THE DOSE-DEPENDENCY OF THE EFFECTS OF 2-METHYL-3-(PHENYLAMINOMETHYL)-1H-QUINOLIN-4-ONE -
A PROMISING ANTIDEPRESSANT WITH NOOTROPIC PROPERTIES

L.M.Podolsky, S.Yu.Shtrygol’
National University of Pharmacy

Key words: 2-methyl-3-(phenylaminomethyl)-1H-quinolin-4-one; dose-dependency; tail suspension test; passive avoidance test

The object of the study is 2-methyl-3-(phenylaminomethyl)-1H-quinolin-4-one. According to the results of the screening of
a series of 3-(N-R,R’-aminomethyl)-2-methyl-1H-quinolin-4-ones it has been proven that in the dose of 100 mg/kg it has
the high antidepressant activity in tail suspension test (TST) and prevents scopolamine-induced amnesia development in
passive avoidance test (PAT). The present post-screening study was carried out with the purpose of dose-dependency detaliza-
tion using the doses of 5, 50, 100 and 150 mg/kg in TST and PAT after scopolamine-induced amnesia. The comparison of
experimental results of screening and post-screening studies has allowed revealing relationships between the activity and
the amount of the substance introduced in a wide range of doses. According to the results of TST in both studies it has been
concluded that the only dose of 2-methyl-3-(phenylaminomethyl)-1H-quinolin-4-one, which provides a considerable anti-
depressant activity, is 100 mg/kg. The comparison of PAT results in screening and post-screening studies has been shown
that in almost all doses studied, except 5 mg/kg, 2-methyl-3-(phenylaminomethyl)-1H-quinolin-4-one significantly attenu-
ate the amnesic effect of scopolamine. Therefore, the effective dose of 2-methyl-3-(phenylaminomethyl)-1H-quinolin-4-one
for in-depth studies is 100 mg/kg with both activities (antidepressant and anti-amnesic) at their maximum.

Homyx edpekTUBHOI 103U
JIJISI TIOTVTH6JIEHUX eKCIle-
pUMeHTaIbHUX (apMaKOoJIOTUHHX
JOCJIi/PKEHb HOBUX 6i0JIOTIYHO aK-
TUBHHUX CyOCTaHLiH €, 6e3yMOB-
HO, BXKJINBUM €TaIoOM JOKJIIHIY-
HOT'0 BUBYEHHS [1epCleKTUBHUX
JIiIKapCbKUX 3ac06iB [2, 6].
06’€KTOM JaHOTO JOCTiHKEeH-
He € 2-MeTui-3-(deHisamiHOMe-
TWI)-1H-XiHOJIH-4-0H, SIKUH 3a pe-
3yJIbTaTaMH CKPHUHIHI'OBOTO BU-
BueHHA psaay 3-(N-R,R’-aminome-
TUI)-2-MeTW-1H-xiHO/1iH-4-0HIB
[1] 3 BUKOpUCTAHHAM MOBEJiH-
KOBHX TEeCTiB Ha MUILIAX BUSIBUB
BUCOKY aHTH/IEIPECUBHY aKTHUB-
HICTb, 1110 MOEAHYETHCA 3 aHTHU-
aMHECTUYHHMHU BJIACTUBOCTSIMHU
B 71031 100 mr/kr [7].
CKpuHiHroBe [AOCIIPKEHHS
Oysi0 mpoBeZieHO B jo3ax 10 i
100 Mr/Kr i3 3aCTOCYBaHHSM Te-
CTY BIIKPUTOTO I10J14, IiZ{HECEHO-

ro XpecTonoAi6bHoro JabipuHTYy,
TeCTy MiABilllyBaHHA 3a XBICT, Te-
CTY YMOBHOI peakliil MacCuBHOI'0
yHukHeHHs1 (YPIIY) Ha Mozesti cko-
MOJIaMiH-IH/IlyKOBaHOI aHTeporpaz-
HOI aMHe3lii Ta TeCTy CTPHXKHS, 110
o6epTaeThbcs [7]. 3a pesysbTaTa-
MU JIoCTiAiB y 1031 10 Mr/Kr 2-Me-
TuJI-3-(dpeninaminometnn)-1H-
XiHOJIIH-4-0H BUABJIAB TIJIbKH aH-
THaMHeCTH4HY Aito. [Ipu 10-kpat-
HoMy 36ib1ueHHi 1034 (100 mMr/xr)
pa3oM 3 aHTUAMHECTHYHUM edeK-
TOM CIIOCTEPIrajaoch JOCTOBipHE
3MeHILIeHHS Yacy NaCUBHOTO 3a-
BUCAHHA TBAapUH y TeCTi niABiy-
BaHHA 3a XBICT, 1[0 CBiAYNATB PO
3HAYHUU MO3UTUBHUM BILJIUB HA
JeNpecuBHY NOBeJiHKY MUIIEH.
CaMe moeHaHHA aHTU/ENIPECUB-
HOI Aii 3 HOOTpONHUMHU (aHTHAM-
HECTUYHWMHU) BJIACTUBOCTSIMH [J10-
3BOJISIE PO3I/IAJATH 2-MeTUI-3-
(dbenimaminomeTwn)-1H-xiHoJTiH-

|.M.Mopgonbcbknit — kaHA. hapM. Hayk, AOLEHT kKadeapu MeanyHoi Ximii HauioHansHoro

hapmaLeBTUYHOrO yHiBepcUTeTy (M. XapkiB)

4-0H fIK IepPCNEKTUBHUN 06'EKT
JJisl BIIPOBA/PKEHHSI Y MeAUYHY
NPaKTHUKY.

OTXe, METOIO JAHOTO J10CJIi-
JPKEeHHS € TOCTCKPUHIHTOBUH MO-
MyK ebeKTUBHOI 103U 2-METHJI-
3-(deninaminomeTtui)-1H-xiHo-
JIiH-4-0HY, IpY AKi{ 11 CroayKa
Oyze MOTJUOGJIEHO AOCTiMKyBa-
TUCh ¥ 0CJIiAaX HAa TBAPHUHAX.

[IpoTOKOJ MOCTCKPUHIHTOBO-
ro J0CJaiP)KEHHSI BKJIIOYAB TiJib-
KU TeCT MiJBillyBaHHA 3a XBIiCT i
TeCT YMOBHOI peaklil TaCUBHOTO
YHUKHEHHS IK OCHOBHI MeTO/U-
KM 32 podisieM akTUBHOCTI. 3 Me-
TOM JleTaJi3allil J0303a1eXHo-
CTi OCHOBHHX epEeKTiB 2-MeTHJI-
3-(deninaminomeTu)-1H-xiHO-
JIiH-4-0HYy 06paHi no3u 5,50, 100
Ta 150 Mr/KT, 1110 MpH 3icTaBJIeH-
Hi 3 pe3yJibTaTaMHM CKPUHIHTOBO-
ro J0CJiIKEHHS L03BOJIUTb BU-
SIBUTH 3B’I30K aKTUBHOCTI 3 Kislb-
KICTI0 BBEJIEHOI pEYOBHUHU Y UIHU-
pokoMy aiama3oHi 103. EbekTu
2-MeTu-3-(peHinaMmiHOMeTHI)-
1H-xiHostiH-4-0Hy B n03i 100 Mr/Kr
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OyJIM 4OCTiIPKeHI B 060X eKcIie-
pHMeHTaX, OCKiJIbKH Iis J103a 3a-
Oe3nevyyBaJsia HAUOIIbIYy aKTUB-
HICTBb 3a pe3y/ibTaTaMM CKpPHHIH-

ry [7].
Marepiasu Ta MeTOAU

JlocaixkeHHA TpoBeeHOo Ha
50 panzoMb6peHUX MUIIIAX-CaM-
1gx Barotw 20-24 r. EkcnepuMen-
TU NPOBOJUJIUCH BIATIOBIZTHO 110
nupexktuBu Pagu €C 2010/63/EU
PO IOTPUMaHHs 3aKOHIB, 10CTa-
HOB Ta a/IMiHICTpaTHBHUX I10JIO-
»)KeHb Jiep>kaB €C 3 NUTaHb 3aXU-
CTY TBapHH, 1[0 BUKOPHUCTOBYIOTb-
€4 JJ11 eKClIepUMeHTa/IbHOI Ta iH-
1oi HaykoBoi MeTH [4, 6]. Ilifg yac
NpOBeJieHHs eKCIIEpUMEeHTY TBa-
pPHH yTPHUMYBaJIU B CTAHJAPTHUX
yMoBax BiBapito [UH/IJ1 H®ay 3a
NPHUPOJHBOTO CBIT/IOBOTO PEXU-
MY «JleHb-Hi4» 3 BIIbHUM [JOCTY-
noM 0 Boau Ta ixi [10].

JlabopaTopHUX TBapUH 6YJI0
pO3MN0/iJIeHO Ha YOTUPU IpyNu
BiZIMOBiAHO 10 103U 2-MeTUJI-3-
(beninaminomeTwn)-1H-xiHO/iH-
4-0Hy, IKy BOHM OJlep>KyBaJiy, a
TAKO0 J,Bi KOHTPOJILHI I'pyIU:

1) iHTaKTHHUHM KOHTPOJIb Ha-
BYaHH4 (TisibKM JJ1s1 TecTy YPITY),
n=9.

2) iHTaKTHUM KOHTPOJIb/KOHT-
poJib amHesii (ass Tecty YPITY),
n=8.

3) TBapYHY, SIKi OTpUMYBaJIU
2-meTu-3-(peHinamiHomMe T )-
1H-xiHOJ1iH-4-0H y 1,031 5 Mr/KT,
n=8.

4) TBapHHY, SIKi OTPUMYBaAIU
2-meTu-3-(penisiaminomMmeT)-
1H-xiHoJiH-4-0H y f103i 50 Mr/KT,
n=8.

5) TBapuHH, SKi OTpUMYBAIU
2-meTu-3-(peHisiaminomMeT)-
1H-xiHoJ1iH-4-0H y 71031 100 Mr /KT,
n=9.

6) TBapUHM, Ki OTpUMyBaIU
2-meTu-3-(peHisiaminomMeTN)-
1H-xiHoJ1iH-4-0H y 71031 150 Mr /KT,
n=8.

Jlv3aliH NOCTCKPUHIHTOBOr0O
€KCIIepUMEeHTY IIOBHICTIO rapMo-
Hi30BaHO 3 nomnepejHiM JoCaiJ-
»KeHHSM 3 MeTOlI0 3iCTaBJIEHHS pe-
3y/IbTATiB, OTPUMaHMUX B 060X J10-
ClipkeHHsX [7]. EkcriepuMeHT ne-

pefi6ayaB 3aCTOCYBaHHS PEXKUMY
npoQilaKTUYHOT'0 BHY TPILIHBO-
LIIYHKOBOT'O BBeZIeHHA 2-MeTUJI-
3-(dpeninaminomeTtu)-1H-xino-
JIiH-4-0HY y BiANOBIJHUX [03aX
NpOTAroM 3 HIB Yy BUIJIA/I TOH-
KOJUCIIepCHOI BOAHOI CycneHsil,
crabiynizoBaHoi TBiHOM-80. KoHT-
POJIbHI TBAPUHU OTPUMYBaJIU BiJ-
MOBiJHUHN 00'€EM AMCTHUIBLOBAHOL
BoAM 3 po3paxyHky 0,1 msa Ha
10 r macu Tisna. Yepes 1 roguny
icJis OCTAHHBOTO BBEJIEHHS pe-
YOBHMHHU IPyINy TBAPUH L0JIydaln
J0 TeCTy MMiJBillyBaHHA 3a XBICT
[9, 13]. IIpu ybomy iHTepBas ya-
Cy MK BBeJEHHSM 2-MeTuJI-3-
(deninaminomeTnn)-1H-xiHOMiH-
4-0Hy Ta I0YAaTKOM TeCTYBaHHH
JIJ1s1 BCiX rpyn MUlen 6yso 36e-
pexeHo. llicia tecty migBimy-
BaHHA 3a XBICT BHYTpillHbOOYE-
PEeBUHHUM BBEJIEHHSM PO34YUHY
CKoIToJIaMiHy rizpo6poMiay (y pos-
paxyHky 1,5 Mr/kr) y TBapuH iH-
AYKyBaJIu aMHe3il0, Ha TJIi AKOI
yepe3 30 xB BifioyBasach dpasza
HaB4YaHHA TecTy YPIIY. ¥ mumeit
IPyIH IHTAKTHOI'O KOHTPOJIIO Ha-
BuyaHHA ¢popmyBair YPIIY 6e3 am-
He3yBaJIbHOI'O BIUIUBY. Yepes 24 ro-
JIUHU TepeBipsiiu 36epexxeHicTh
naM’ITHOTO CJIiJly y TBapuH, BU-
MipIOIOYH JIATEHTHUH Yac BXOAY
Jl0 Hebe3MeyHoi TEMHOI KaMepH
npuiaaay [11]. Kputepiem MmHe-
MOTPOIHOT0 epeKTy 2-MeTUI-3-
(dbeninaminomeTtun)-1H-XiHoJiH-
4-oHy y BianmoBifHiN 103 06pa-
HO aHTHAaMHeCTUYHY aKTUBHICTb
(AA), siky po3paxoByBaJiv 3a pop-
Mmysiomo [5]:

AJlllp — A JlIck

AL = 3T = Millex

x 100%,

ze: AJIllp - pisHULA TaTEHTHOTO
nepiofy BXOAy TBapHH 10 TeM-
HOI KaMepH i/ yac HaBYaHHA Ta
nifg yac BiaTBopeHHs YPIIY nasa
rpyIy, Lo OTpUMyBaJia BiZ[IOBiJ-
HY 103y p€4OBUHY;

AJITIcK - pi3HULS JIATEHTHOTO I1€e-
pioZy BXoAy [0 HEOCBITJIeHOI Ka-
MepU IiJ, Yyac HaBYaHHA Ta HifJ
yac BigTBOpeHHA YPIIY a4 rpy-
11 KOHTPOJIKO aMHe3ii;

AJIIIi - pi3HULS IATEHTHOTO I1e-
piony BXO4y 4,0 TEMHOI KaMepu

i1 Yyac HaBYaHHS Ta IijJ yac Bij-
TBOopeHHA YPIIY nnda rpynu in-
TAKTHOTI'0 KOHTPOJIIO HaBYaHHS.

Pe3ysnbTaTu HaBeleHi y dop-
Mi cepe/IHbOI apuPMeTHUIHOI Ta
cTaHzapTHOI moxu6bku (M + m).
BigMiHHOCTI MiXK rpynlaM¥ BU3Ha-
yasiy 3a t-kputepiem CThroZeHTa
MpY HOPMaJIbHOMY PO3M0/1iJii a60
KyTOBUM NepeTBOpeHHAM Dillre-
pa npu 06J1iKy pe3y/IbTaTiB B aJib-
TepHATUBHIiN popMi. CTaTUCTUY-
HO 3HauyI[MMU BBaXKaJIU Pe3yJib-
TaTtu 3a p<0,05 [3].

Pe3ysnbTraTH Ta ix
06roBOpeHHsA

TecT nigBillyBaHHA 3a XBICT
€ YYyTJIMBOIO METOAUKOI0 JOCJIi-
JPKeHHA lelpeCUBHOI I0BeLiHKU
FPU3YHIB I IHMPOKO 3aCTOCOBY-
€TbCA IIPA BUBYEHHI HOBHUX CII0-
JIYK 3 aHTU/lelIpeCUBHUMHU BJIaC-
TUBOCTAMU [13].

Y CKpHUHIHIOBOMY [OCJIi/KEH-
Hi 6yJI0O OKa3aHOo, 110 2-MeTHJI-
3-(deninaminomeTtu)-1H-xiHo-
JIiH-4-0H B 1031 100 Mr/Kr 3MeH-
11YBaB 4Yac IaCUBHOTO 3aBUCaH-
Hea Muwel Ha 71% (p<0,05) no-
PIBHAHO 3 IPYNOI0 IHTAKTHOTO
KOHTpoOJIIO (Tabs. 1). [Ipu ubomy
B 7103i 10 Mr/kr el edpekT 6yB
MalKe BiICYyTHIN.

AHaUti3 pe3ysbTaTiB IOCTCKPU-
HIHTCOBOI'O AOCJI»KEeHHSI BUSIBUB,
1110 HAaMeHIIWH BIJIMB Ha Jelpe-
CUBHY NIOBeJ|iHKY TBap1H 2-Me-
TuI-3-(beninaminomerun)-1H-
XIHOJ/IIH-4-0H 4YHWHUTH Yy [J03i
150 mr/kr (Tab.. 1). Y fos3ax 5 Ta
50 Mr/Kr criocTepiraeTbcsi 3MeH-
IIEHHS Yacy iMMO6iIbHOCTI MHU-
11eH, aJie L 3MiHU He CATalTh piB-
HSl CTATUCTUYHOI 3Hauy1oCTi. [Ipn
1boMy B 11031 100 Mr/Kr aHTH/T€e-
IIPeCUBHI BJIACTUBOCTI NPOABJIA-
I0ThCsI Halbib1I noBHO (-37,8%,
p<0,05), 1110 I[IJTKOM Y3T0/IKYETh-
4 3 pe3yJibTaTaMH CKPUHIHT0BO-
ro JOCJiPKeHHS.

PisHuuo y pesysibraTax, 0OTpu-
MaHMX y CKpPUHIHTOBOMY Ta IIOCT-
CKPUHIHIOBOMY  [OCJiJKeHHi,
MO>KHa IIOSICHUTHU Pi3HOI0 IPUPO-
Jl0I0 PO3YMHHHUKA, B IKOMY CyC-
NeHJyBa/Id CHOJYKY JJI BHYT-
PIIIHBOUIJIYHKOBOTO BBeJeHHHA
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Ta6aung 1

BrmuiuB 2-meTui-3-(¢penisiaminomern)-1H-xiHoJ/1iH-4-0HY Ha Yac MaCUBHOT'O
3aBHCaHHS MUIIel (¢) y TecTi migBimyBaHH#A 3a xBicT (M+m), n=59

IHTaKTHUI Hosa, mr/kr
EkcnepumeHT
LCLIPCIE 5 10 50 100 150
CROMHIHE 112,6+23,1 _ 93,2+7,3 _ 32,7+16,3% _
P (n=7) (n=5) (n=6)
Mocrekopming | 1199135 81,8+£19,8 ~ 76,9+23,3 74,6+11,6% 123,3+30,5
P (n=8) (n=8) (n=8) (n=9) (n=8)

Mpumitka. * — p<0,05 BiAHOCHO rpynu iIHTaKTHOrO KOHTPOJIIO 3a t-KpuTepiem CTblofieHTa; NpoYepK — A03Y He AOCIAKYBaW.

TBapuHaM. Ha ctazii ckpuHiHry,
BUXO/AS4U 3 Pi3UKO-XiMIYHUX BJIa-
CTHUBOCTeN 2-MeTuI-3-(deHinami-
HOMeTHJI)-1H-XiHoJiH-4-0HY, 6y/1a
obpaHa nepcukosa oJid. [I[poTe B
NO/A/IbLIMX eKCIIEPUMEHTAX, B TO-
MY YUCJIi B IOCTCKPHUHIHTOBOMY,
NepCcUKOBa 0J1is 6ysa 3aMiHeHa
Ha JAUCTU/IbOBAaHY BOAY 3 OTJIAAY
Ha TEXHOJIOTI4HI aClleKTH [IPUro-
TyBaHHS CcycneHsii. BunieHaBee-
HUM GaKTOM MOKe 6y TH 06YMOB-
JieHa neBHa pi3HuIld y papMako-
KiHETUYHUX [TapaMeTpax (BCMOK-
TyBaHHs). He Mo>XHa BUKJIIOYHU-
TH i poJib XpoHOdapPMaKO0JIOTiu-
HOT0 YMHHUKAa. lle i cTaso npu-
YMHOIO BiJMiHHOCTI pe3y/bTaTiB
y £,03i 100 Mr/Kr y pisHUX eKcIe-
pHUMeHTaXx.

Jlo3o3anexHicTb aHTUAENpe-
CUBHOTO edeKTy 2-MeTu-3-(de-
HijlamiHoMeTH)-1H-xiHOJiH-4-
OHY IpeJcTaBJieHa Ha puc. 1.

Ax MoxHaA 6a4uTH 3 puc. 1,
aHTUenpecuBHUHN edeKT 2-Me-
TuJ-3-(peHinaminomernn)-1H-
XiHOJIIH-4-0Hy OCTYIOBO ITOCHJIIO-
€TbCS, CATAl0YX CBOTO MaKCUMyMy
y 103i 100 mr/Kr, i Mai>ke 3HUKAE
[pU NOAAJIbLIOMY 301/IbLIEHHI 10-
3u. Takul XxapakTep [0303aJexK-
HOCTI ZIOBOJIi pO3MIOBCH/IPKEHUH Ce-
pen JliKapChKUX 3aco6iB, 110 BIUIU-
BAalOTh Ha HEMpOMe/iaTOpHI CH-
CTeMHU roJIOBHOTO MO3KY [8].

Y CKpUHIHTOBOMY JOCJIKEH-
Hi 2-meTun-3-(peHinaminomernn)-
1H-xiHoniH-4-0Hy B TecTi YPIIY
Ha MoJeJii aMHe3ii, BUKJIMKaHO]1
BBe/IEHHSM CKOIOJIaMiHy, 6y/1a J10-
BeJleHa BUCOKAa aHTMaMHeCTUYHa
aKTHBHICTb B 060X 3aCTOCOBAHHUX
Jlo3ax (Tab. 2).

10
’

0
-10 /

—&— CKpUHiHr

—@— [OCTCKPUHIHT

Yac nacuBHOro saBuCaHHs,
% [0 iIHTaKTHOrO KOHTPOO

-60 \
-70 %
-80
5 10 50 100 150 # - p<0,05
Lo3za, mr/kr

Puc. 1. 3aAeXHICTb «A030 — AHTUAEMNPECUBHA AKTMBHICTBY AAR 2-METUA-
3-(dbeHiAaMIHOMETUA)-TH-XIHOAIH-4-OHY Y TECTI MIABILLIYBAHHS 30 XBICT

Y NOCTCKPUHIHT'OBOMY J0OCJIi-
JKeHHIi yepe3 24 roguHU nicas
HaBYaHHSA TBAPUH y IPYIIi IHTAKT-
HOT'0 KOHTPOJIIO HaBYaHHA 36epi-
raetbcs YPILY, o 6ysio BusBJe-
HO 3a JIOCTOBIpHO OiJIbIIKM Ji1a-
TEHTHHUM I1epiofoM BXOAY [0 He-
6e3mneyHoi TEMHOI KaMepH Ta Kijib-
KICTIO TBapHH, 1110 JOCATJINA KPU-
Tepito HaB4YeHOCTi. [1if BnyiuBoM
CKOII0JIaMiHY B I'pyIi KOHTPOJIIO
aMmHesily 87,5% muiei nam’T-
HUU cJ1if 6yB MOBHICTIO BifiCyT-
Hill (Tabu. 2).

[IoKa3HUKM TBapuH, 1[0 OTPHU-
MyBaJIU 103y 2-MeTuJ-3-(dpeHisn-
aMmiHoMeTuJ1)-1H-xiHOJiH-4-0HY
5 Mr/Kr, Mail:xe He BiZJpi3HSJIMCh
Bi/I TAKUX y I'PyIli KOHTPOJIIO aMHe-
3il. [Ipu 36isb11enHi fo3u 'y 10 pa-
3iB (10 50 Mr/Kr) cnoctepirasock
JIOCTOBipHe 306i/IbllIeHHS JIaTeHT-
HOT0 Nepiofly BX0oAy 10 Hebe3mey-
HOI TeMHOI KaMepH, a KiJIbKICTb
TBapHH, 10 JOCAIJIA KpUTepito
HaBYeHocCTi, ckaasa 50%.

Y rpyni TBapuH, 1110 OTPUMY-
Ba/id 2-MeTUJ-3-(deHinamiHO-
MeTu1)-1H-xiHOJiH-4-0H y 7031
100 mr/kr, cnocTepirajoch mo-
CUJIEHHSI aHTUAaMHEeCTUYHOI Jil.
3a NoKasHUKaMH Lifl rpyna Mai-
Ke He BiZjpi3HAJIach BiJi TPyIH iH-
TaKTHOI'O KOHTPOJIK0 HABYaHH4, 110
CBiJMUTL IIPU HiBeJIIOBAaHHSA aMHe-
3YBJIbHOI'0 BILJIMBY CKOIIOJIAMiHY.
[Ipu miBULEHHI 103U JOCTIKY-
BaHOI crosiyku 0 150 Mr/Kr BU-
SIBJIEHO 3MEHILeHHS abCOTI0THUX
[NIOKAa3HUKIB 10 PiBHA I'PYIU TBa-
pUH, 110 oTpuMyBaau 50 mMr/kr
2-meTu-3-(peHinaminomeTunn)-
1H-xiHOJ1iH-4-0HYy.

TakvM 4YMHOM, IIPU 3iCTaBJIEH-
Hi pe3ysibTaTiB Tecty YPIIY ckpu-
HIHI'OBOI'O Ta NOCTCKPUHIHTOBO-
ro AOCIiJpKeHb MOYKHA KOHCTATYy-
BaTH, W0 MaWxe B yCix JOCTiJ-
»)KeHUX /103aX, 32 BUKJIIOUEHHAM
5 mr/kr, 2-meTui-3-(deHisami-
HoMeTw1)-1H-xiHoJiH-4-0H 3Ha4-
HOI0 Mipot0 noc/1abJiroBaB aMHe-
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Tabsmng 2

MHeMmoTponHi epekTu 2-MeTu1-3-(peHiamiHomeTn1)-1H-XiHO/1iH-4-0HY B TE€CTi yMOBHOI
peakuii IacCMBHOr0 YyHUKHEHHS HAa MoJeJIi CKonoJIaMiH-iHAyKOBaHoOI aMHe3ii y Muiueu, n=72

o JlaTeHTHWI Nepiog Bxogy KinbKicTb MuLlen, Lo gocarnm
lpyna, o33, KiNbKiCTb 0O TeMHOI Kamepu, C A AHTMamMHeCTU4YHa KpUTEpito HABYEHOCTi
TBapPWH AKTUBHICTb, %
BUXiGHUA [uepe3 24 rof, abc. %
CKpVHiHroBe JOoChigXeHHA
IHTaKTHU KOHTPOTb 17,2456 | 148,1+20,9 | 131,0+21,5% - 5/7¢ 71,4
HaB4YaHHA, N=7
Ckononamiv (KoHTPOTb | 55,5 5 7,240,8 0,0+2,9 - 0/6 0
aMHe3sii), n=6
:\2 3"” KM+ cKononamif, | 498126 | 136,3+43,8 | 124,5+42,2* 95,0 3/4¢ 75,0
100 Mr/kr+ crononamin | 14,4169 | 126,0435,1 | 11,6324 85,2 3/5 60,0
MoCTCKpUHIHrOBE JOCNIgMKEHHA
IHTaKTHU KOHTPONL 17,7£2,3 | 157,4+13,3 | 139,8+12,6* - 6/9% 66,7
HaB4YaHHA, N=9
CrononamiH (KOHTPONb | 453,35 | 6501222 | 48,8+202 - 1/8 12,5
aMHe3sii), n=8
> i"sr/ KT rcrononamity 1 12,0426 | 91,4+249 | 79,4+234 336 2/8 25,0
f}gg"” KM+ CKomonamiv, |4 4150 | 1283+19,7 | 110,9+20,0% 68,2 4/8" 50,0
;2%”‘” KM+ CKOMONaMIK, | 183456 | 148,416,0 | 130,1£19,5% 89,7 5/9¢ 55,6
150 MK+ crononaminy | 156168 | 128,9522,1 | 11332198 70,8 4/8 50,0
MpumiTkn:
1) * - p<0,05 BifHOCHO rpyny KOHTPOO amMHes3ii 3a t-kpuTepiem CTblofeHTa;
2) &_ p<0,05 BigHOCHO rpyny KOHTPOJO aMHesii 3a KyToBUM nepetBopeHHAM Diwepa.
100 # y 4
= % — BUCHOBKH
5 80 m 1. 3 MeTo10 BU3Ha4YeHHH edeK-
g 70 # TUBHOI 03U JJIs MOTJIMOJIEHUX
E 60 JOKJIIHIYHUX JOCJaiIKEeHb Iepc-
. NMEKTUBHOTO aHTU/IeNIPECAHTA 3
E %0 &— CrpuHiHr HOOTPONHUMH BJIACTUBOCTSMHU
& T 2-meTu-3-(deninaminomeTn)-
Z 30 ¢~ MNocTekpuHiHT 1H-xiHOJTiH-4-OHY POBE/IEHO MOCT-
g 20 CKpUHIHIOBE BUBYEHHS /10303a-
Z 10 JIEXXHOCTi OCHOBHUX papMaKoJio-
0 rivHux edekTiB in vivo.
5 10 50 100 150 # - p<0,05 2. Ilpu 3icTaBJyieHHi pe3y/bTa-
TiB CKpUHIHT'OBOTO Ta [IOCTCKPU-
Dosa, mr/kr

Puc. 2. 3aAeXHICTb «A030 — AHTUAMHECTUYHA AKTUBHICTBY AAS 2-METUA-
3-(dbeHIAaMIHOMETUA)-1H-XIHOAIH-4-0HY y TecTi YPIY

3yBaJIbHUH BIJIUB CKOIOJIAMiHY
(puc. 2).

JloBeeHuii B eKCliepUMeHTaxX
aHTaroHiamM 2-meTuJi-3-(deHin-
amiHoMeTuJ1)-1H-XiHO/iH-4-0HY
3i ckonoJsiaMiHOM €, 6€3yMOBHO,

1iHHO0 $apMaKoJIOTiYHOO BJIa-
CTUBICTIO 3 OIVIA4Yy Ha 3ajyye-
HICTb XOJIIHEPTIYHUX CUCTEM TO-
JIOBHOT'O MO3KY [0 IIaToreHesy 6a-
raTbOX HelpoJiereHepaTUBHUX 3a-
XBOpIOBaHb [12].

HIHTCOBOTI'O JIOCJIIP)KEHHSI aHTHaM-
HeCTUYHOI aKTHUBHOCTI y TecTi
YPIIY Ha mozei ckonoJiaMiH-iH-
JYKOBAHOI aHTeporpaZHol aMHe-
3il mokasaHo, 10 B go3ax 10, 50,
100 ta 150 mr/kr 2-metu-3-(de-
HislamiHOMeTw1)-1H-XiHOJTiH-4-0H
JLOCTOBIpHO Noc/1a6J1l0€ aMHe3y-
BaJ/IbHUH BIIJIUB CKOIOJIAMiHY.
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3. 3a pe3ysibTaTaMu TECTY MiJ-
BilllyBaHH 3a XBICT K Y CKPUHIHTO-
BOMY, TaK i B IOCTCKPUHIHTOBOMY
JOCJTi/l>KeHHI BCTAaHOBJIEHO, 1110 €U~
HOIO /103010, Y SIKil 2-MeTHJI-3-(de-
HistamiHoMeTw)-1H-XiHOJTIH-4-0H

JIOCTOBIPHO BUSIBJISIE aHTH/IENPe-
CHUBHY aKTHUBHICTb, € 100 Mr/KT.

4. EpeKTHBHOIO 103010 J1JIs1 T10-
[VIMOJIEHOT'0 JJOKJIiHIYHOTr0 J40C/Ti-
JPKEHHs epPCIeKTUBHOTO aHTHU-
JlenpecaHTa 3 HOOTPOITHMMU BJIa-

CTUBOCTSIMHU 2-MeTHJI-3-(deHisn-
amiHoMeTuJ1)-1H-xiHOJIiH-4-0HY
€ 100 Mr/Kr, y sIKiii 06HIBa BUAU
aKTHBHOCTI (aHTH/iepecrBHA Ta
AHTUAMHECTUYHA) MPOSIBJISIOTh-
€1 MAKCUMAaJIbHO.
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J0303AJIEXXHICTDb E®EKTIB NIEPCIIEKTUBHOT'O AHTUJAENNPECAHTA 3 HOOTPOITHUMHU BJIACTUBOCTAMUA
2-METHWJI-3-(PEHIJIAMIHOMETMUJI)-1H-XIHOJIIH-4-OHY

LM.Iodoascwkuii, C.I0.IIImpuzoas
HayioHaawHuii ghapmayeemuyHuii yHigepcumem

Katouoagi cnoga: 2-memua-3-(deninaminomemun)-1H-xinoniH-4-oH; 00303aedxcHicmy; mecm nidgiwy8aHHs 3a xgicm; mecm
YMOBHOI peaKyii nacueHo20 yHUKHEHHs

06'ckmom daHozo docaidcerHs: € 2-memu-3-(geninaminomemun)-1H-xiHoaiH-4-0H, KUl 3a pesyrbmamamu CKpUHiH20-
8020 gusveHHs psady 3-(N-R R’-aminomemun)-2-memuna-1H-xiHoniH-4-oHig y do3ax 10 ma 100 me/Ke 3 BUKOPUCMAHHAM
nosediHko8UX mecmie Ha MUWAX B8USIBUB BUCOKY AHMUJenpecusHy akmugHicms, Wo NOEGHYEMbCS 3 AHMUAMHECMUY-
HuMu eaacmusocmsmu y 0o3i 100 me/ke. 3 memoto demanizayii doszosanexcHocmi ocHogHuUx edpekmis 2-memu-3-
(derHinaminomemun)-1H-xiHoAIH-4-0HY nposedeHO hocmckpuHiHaoge docaidxceHHs y do3ax 5, 50, 100 ma 150 mz/ke
3 BUKOPUCMAHHSIM mecmy nidsiuly8aHHs 3a xeicm ma mecmy yMoeHoi peakyii nacusHozo yHukHenHs (YPILY), wjo npu sicmas-
JIeHH] 3 pe3y/ibmamamu CKpUHIH208020 8U84YeHHs1 00380/1U/10 8USIBUMU 38 130K aKIUBHOCMI 3 KilbKicmio eeedeHoi pevo-
BUHU Y WUPOKOMy diana3zoHi 0o3. AHai3 pe3yabmamis mecmy nidgiuly8aHHs 3a Xeicm 8usi8us, ujo Npu 88edeHHi 2-Memui-
3-(¢peninaminomemuns)-1H-xiHoniH-4-0Hy y do3zax 5 ma 50 me/ke cnocmepizaembcst 3MEHWEHHS Yacy iIMMobiabHoCmI
Muuietl, ase yi 3MIHU He csieatomb pieHss cmamucmuyHoi 3Havywocmi. Y dosi 100 mz/ke anmudenpecugHi 1acmugocmi
8UB/ISIIOMbCSA HAUOI/IbUW NOBHO, WO YIIKOM Y3200H4YEMbCS 3 pe3yAbmamamu CKpuHiHeo8020 docaioxceHHs. [Ipu nideu-
weHHi do3u peyosuHu do 150 mz/ke aHmudenpecusHa akmueHicmb No8Hicmio 3HUKae. [Ipu 3icmagaeHHi pesyabmamis
mecmy YPIIY ckpuHiH208020 ma nocmckpuHiH208020 00C1i0XHCeHb NOKA3AHO, Wjo Matiice 8 ycix docaidxceHux 003ax, 3a
BUK/HOYUEHHAM 5 M2 /Ke, 2-memun-3-(deHinaminomemun)-1H-XiHOATH-4-0H 3HAYHOI MIPOK NOCAA6A08A8 AMHE3Y8AbHUL
enaue ckonoaaminy. Omoaice, epekmugHor 003010 0151 No2AUb6AeH020 00CAI0NHCeHHS nepcnekmusHo20 aHmudenpecaHma
3 HOOMponHUMU 8aacmugocmsamu 2-memua-3-(geninaminomemus)-1H-xinonin-4-ony € 100 me/ke, y sikiii o6udea audu
akmusHocmi (aHmudenpecusHa ma AHMUAMHECTNUYHA) 8USABASIOMbCS MAKCUMAABHO.
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J10303ABUCAMOCTb 3®®EKTOB IEPCIIEKTUBHOI'O AHTUAEIIPECCAHTA C HOOTPOITHBIMHM CBOMCTBAMH
2-METWJI-3-(PEHUJIAMUHOMETMWJI)-1H-XUHOJIMH-4-OHA

H.H.Iodosavckuii, C.I0.ILImpwizoas
HayuoHaawHblill hapmayeemuyeckuii yHugepcumem

Karouesvle cnosa: 2-memun-3-(geHusamuHomemu)-1H-XuHOAUH-4-0H,; 00303A8UCUMOCMb; Mecm N008EWUBAHUS 3d X80CM;
mecm yc/108HOL peakyuu NAccugHo2o0 uzbezaHus

06vexmom daHHO20 uccaedogaHus aeasaemcst 2-memun-3-(gperuramurnomemun)-1H-xunoauH-4-oH, komopwlil no pe3ynb-
mamam cKpuHuH208020 usyyeHus psoa 3-(N-R,R’-amurnomemun)-2-memu-1H-xuHoauH-4-oHos 8 dozax 10 u 100 mz/xe
€ UCN0/1b308aHUEM NOBEIEHYEeCKUX Mecmoe8 Ha MblUIAX NPOsI8UJ 8bICOKYI0 AHMUJeNnpeccu8Hyo dkmugHocms, couema-
WYCcs ¢ aHMuamMHecmuyeckumu ceolicmeamu moJibko 8 6oavuiell dose. C yeavio demaauzayuu 00303a8ucumMocmu
0CHOBHbIX 3¢ppekmoa 2-memu-3-(denuramunomemu)-1H-XxuHoAUH-4-0Ha npogedeHo NOCMCKPUHUH2080€ UCCc1ed08a-
Hue 8 dozax 5, 50, 100 u 150 mz/kz ¢ ucnosb308aHuemM mecma n0O8EWUBAHUS 3d X80CM U mecma YC/A08HOU peakyuu
naccusHozo usbezarus (YPIIH), mo npu conocmas/ieHuu ¢ pe3yabmamamu CKpUHUH208020 UCCAe008AHUSL N03601U/0
8bIABUMD CB53b AKMUBHOCMU C KOIUYeCMB80M 88€0eHHO20 8eujecmad 8 WUpokom duana3oHe 003. AHAIU3 pe3ys1bmamos
mecma nodeewugaHusl 3a X80CmM nokasaJ, ¥mo npu egedeHuu 2-memu-3-(penusamuromemun)-1H-xuHoauH-4-oua e
dozax 5 u 50 me/k2 Habarodaemcs yMeHbWeEHUE 8peMeHU UMMOOUIbHOCMU Mblwlell, 00HaKo Imu U3MeHeHUs1 He docmu-
2aom ypoeHs cmamucmuyeckoll 3Hayumocmu. B doze 100 me/ke aHmudenpeccugHule c8olicmed nposieAsiomcst Haubo-
Jlee 8blpaxceHo, Ymo NOAHOCMbIO CO2AACYemcsl C pe3yabmamamu CKpUHUH208020 ucci1edosanust. [lpu nogviuieHuu 0o3wl
sewecmsa 0o 150 me2/ke aHmudenpeccugHasi aKMu8HOCMb NOHOCMbIO Ucdezaem. [Ipu conocmasaeHuu pe3ysa6mamos
mecma YPIIH cKpuHUH208020 U NOCMCKPUHUH208020 IKCNEPUMEHMO8 NOKA3AHO, YMO NOYMU 80 8CeX UCC/Aed08aAHHbBIX
dosax, uckawuas 5 mz/ke, 2-memua-3-(gerusamurHomemu)-1H-XuHOAUH-4-0H 3HAYUMEABLHO 0CAAOASIN AMHe3Upyoujee
deticmsue ckonoaamuHa. Takum 06pasom, agpgpekmuegHolii do30li 045 y21y61eHHO20 U3yYeHUs1 NepcneKkmu8Ho20 aHmude-
npeccaHma ¢ HOOmMponHvIMu ceoticmeamu 2-memua-3-(gerusamuHomemu)-1H-xuHoauH-4-oHa sseasemcest 100 mz/ke,
8 komopoli ob6a suda akmugHocmu (aHmudenpeccusHas U AHMUAMHECMU4ecKasi) nposi8AsIl0mcst MAKCUMA/AbHO.

Appeca 151 TUCTYBaHHS: Hapidimna fo pepakuii 24.11.2016 p.
61168, M. XapkiB, ByJ/1. BasieHTHHIBCbKa, 4.

Ten. (572) 67-92-04. E-mail: medchem@nuph.edu.ua.

HanioHanpHui papmaneBTUYHUN YHIBEepCUTET



52 KAIHYHA PAPMALIA. —2016. —T. 20, Ne 4

ISSN 1562-725X

YAK 616.831-005.1:612.13:577.112.3

HOOTPOIIHI BJIACTUBOCTI TETPAIIEIITUAY
ACETYL-(D-LYS)-LYS-ARG-ARG-AMIDE (KK-1) HA MOJEJII
XBOPOBHU AJIBIITEMMEPA Y LIIYPIB, 3YMOBJIEHOI]
XPOHIYHUM BBEAEHHAM CKOITIOJIAMIHY

P /1. Aeiixo, C.I0.Lllmpuzoas, T.B.Iop6au*, 0.0.Kon0608**, A.C.Cum6ipyes**

HauionanbHUM papMalieBTUYHUN YHIBEPCUTET
XapkiBCbKUM HalliOHaJIbHUWA MeJUYHUI YHiBepcuTeT*
ONVII «/lep>kaBHUMA HAYKOBO-A0CHIJHUNA IHCTUTYT 0COBGJIMBO YUCTUX

6ionpenapaTiB» ®PMBA Pocii**

Karouosi cnosa: xgopoba Anvyzelimepa; Heliponpomekyis; MeJaHOKOPpMUHU; mempanenmuou;

eKcnepumeHm

THE NOOTROPIC PROPERTIES OF THE TETRAPEPTIDE ACETYL-(D-LYS)-LYS-ARG-ARG-AMIDE (KK-1) ON THE MODEL
OF SCOPOLAMINE-INDUCED ALZHEIMER’S DISEASE IN RATS

R.D.Deiko, S.Yu.Shtrygol, T.V.Gorbach* 0.0.Kolobov**, A.S.Simbirtsev**
National University of Pharmacy, Kharkiv National Medical University**, State Research Institute of Highly Pure

Biopreparations, St. Petersburg**

Key words: Alzheimer’s disease; neuroprotection; melanocortins; tetrapeptide; experiment

Improvement of Alzheimer’s disease (AD) therapy is one of the most important tasks of the modern medicine and pharma-
cy. Creation and the pharmacological study of the original medicines for treating AD are promising. The most promising
class of these drugs is neuroprotectors. In the Research Institute of Highly Pure Biopreparations the tetrapeptide acetyl-(D-
Lys)-Lys-Arg-Arg-amide (the laboratory code - KK-1) has been synthesized. Under the conditions of the pre-clinical study
it has demonstrated the pronounced neuroprotective and nootropic properties on the model of cerebral ischemia. The aim
of the current work is to study the nootropic properties of KK-1 on the model of AD in rats. The scopolamine-induced AD
in rats was reproduced. For 10 days the rats with AD model were treated with KK-1 (0.1 mg/kg intranasally once a day)
or with the reference medicine donepezil (1 mg/kg orally once a day). After the therapy the functional state of the rats’
CNS was evaluated using the open-field test (OFT), extrapolation escape task (EET) and the test of the conditioned reflex
of passive avoidance (CRPA). The level of acetylcholine (Ach) and the activity of acetylcholinesterase (ACE) were measured
using spectrophotometry in the whole brain homogenate and brain synaptosoms. The peptide KK-1 studied reduced the
stress-related anxiety in OFT in rats, increased their exploratory activity (by 1.4 times, p<0.05 compared to the pathology
group) and decreased the emotional response on the stress (by 44%, p<0.05). In EET the tetrapeptide KK-1 stimulated
the rats’ cognitive functions, decreased the time of escape by 4.7 times (p<0.05 compared to the pathology group). Under
the conditions of the CRPA test the high anti-amnestic activity of KK-1 was found (56.5% on the 1st day after the therapy
and 81.5% on the 10th day). According to all indices the activity of KK-1 exceeded the reference medicine donepezil. The
mechanism of the KK-1 nootropic action is in the increase of the Ach level in the rats’ brain synaptosoms probably due to
stimulation of its synthesis. The peptide KK-1 moderately inhibits the ACE leading also to the Ach level increase in the cho-
linergic synapse synaptic cleft. It is likely that the peptide KK-1 has an effect on the G /G,,-peptide-coupled M-, M-, and

M;-cholinergic receptors as a positive allosteric modulator.

AKTyaJleiCTb yIlOCKOHa-
JIEHHSI HEUPONPOTEKTOP-

Hoi Teparii XBOpo6 HEBPOJIOTiY-
Horo npodisto 3pocTae. Lle mop’s-
3aHO, Mepil 3a Bce, 3i 36i/bI1eH-
HAM 3aXBOPIOBAHOCTI HaceJleHHs
Ha LepebpoBacKy/IsApHi, HEWPO-
JereHepaTUuBHI Ta TpaBMaTUYHI

naToJiorii rosioBHOT0 Mo3ky (I'M)
i HeJocTaTHBOIO ePEKTUBHICTIO
ICHYIOYMX METO/IB JIiIKyBaHHS.
XBopo6a Anbureiimepa (XA)
sBJIIE COO0OI0 HeWpozereHepa-
THUBHE 3aXBOPIOBAHHS, Ha fIKe Y
2015 poui crpaxkaasno 0,44% Ha-
ceJieHHsd cBiTy, a o 2050 poky

P.[O.Oenko — maricTp dapmadiii, acnipaHT kadeapu dpapmakonorii HauioHansHoro

hapmaLeBTUYHOTO yHiBepcuTeTy (M. XapkiB)

T.B.Nop6au — kaHa. 6ion. Hayk, AoueHT kadeapu BionorivHoi ximii XapkiBcbKkoro

HaLioHaNbHOro MeguyHoro yHiBepcuTeTy

0.0.Konob6os. — fokTtop 6ion. Hayk, 3aBigysBad nabopatopii ximii nentuais
POYIM «epxaBHNIN HAYKOBO-AOCAIAHWIA iHCTUTYT 0COBNMBO YNCTUX Bionpenaparis»

PMBA Pocii (M. CaHkT-lNeTepbypr)

KUIBKICTb XBOPUX Ma€ 3pOCTH BYET-
Bepo [21]. Ha Tenepiwniii yac te-
pamnis XA 3/1iiCHIOETbCS TIepeBax-
HO 3ac06aMM NaTOreHeTUYHOTr 0
CIpsAMYBAHHS, AKi YIIOBUILHIOIOTH
ii p03BUTOK 260 3MEHILYIOTh NPO-
f1IBU OCHOBHHUX CUMIITOMIB. Bripo-
JOBX OCTAHHIX POKIB ZlesIKi 3 IUX
npenaparis (JJOHene3n/1, pUBaCTUI-
MiH, MEMaHTHH TOIL[0) BUBYAIOThb-
s Ha TpeMeT HeponpoTeKTOp-
HOI aKTMBHOCTI, OCKIJIbKU BCTa-
HOBJIEHA iX 3JaTHICTb YIIOBiJIb-
HIOBAaTHU 3arubesib LeHTpaJbHUX
X0JliHepriyHuX HelpoHiB. [IpoTe
yCHix IX BAKOPUCTAHHA B KJIiHIY-
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HUX YMOBaXx HeJJOCTaTHbO BUCO-
kuil. ToMy nolyk HOBUX Npena-
paTiB A1 JiKyBaHHA XA cripsiMo-
BaHMH Ha CTBOPEHHs Ta papMa-
KOJIOTIYHEe BUBYEHHS OpUTiHA/Ib-
HUX CIOJIYK, cepes, IKUX HaM-
6i/1b1I TEpCIEeKTUBHUMHU BBaXKa-
I0ThCSl HEMPONPOTEKTOPH.
TpaguiiiiHuM crtoco6oM CTBO-
pEHHs1 HOBUX HEUPOIMPOTEKTOPIB
€ Mogudikallis XiMidyHO1 6y/10BH
eH/IoreHHUX Qi3i0/10riYHO aKTUB-
HUX pe4yoBUH. OfHUM i3 [XKepes
TaKUX CIOJIYK € CUCTEMA MeJIaHO-
kopTuHiB ['M, npeacrasJieHa npo-
onioMmesranHokopTuHoM (I[IOMK)
Ta WOro JiepuBaTaMHu: MeJaHO-
[[UT-CTUMYJII0OBaJIbHUM TOPMOHOM
(MCT-q, -8 Ta -y), iel1IuH- Ta Me-
TioHiH-eHKedasiHAMHU, aJpeHo-
koptukoTponinoM (AKTT) Too.
3asty4eHicTb 1ji€l cucTeMU 10 Na-
ToreHe3y XA Bizoma 1je 3 80-x po-
KiB MUHYJIOTO CTOJIITTSI, KOJIH 3'1-
CyBaJlacsi MO3UTUBHA KOpeJsLis
Mixk BMicToM AKTT y Tkanuni 'M
Ta piBHEM NCUXIYHUX QYHKIIN
NpU AeMeHIil anblreiMepiBCch-
koro tuny [11]. BukoHnyBanucs
crpo6u BIJIMBATU Ha nepebir XA
3a JI0NIOMOr010 NeNTU/IB, CTBOpe-
Hux Ha ocHOBiI AKTT, Hanpuksag,
OPT,,, 1110 SIBJISIB COGOIO CHHTE-
TuaHMi romoJior AKTT, , 3i cTpyk-
Typoto H-Met-Glu-His-Phe-D-Lys-
Phe-OH [20]. Pe3sysibTaTu Helo-
JlaBHIX OC/IiPKeHb BKa3yOTh Ha
BHpa3Hi HEUPONPOTEKTOPHI BJIa-
cTUBOCTI 3a XA JleIKMX rOMOJIO-
riB MCl'-a ta AKTT [14, 15]. Bisib-
e Toro, y Pocii 3 MeTo10 Kopek-
Lil KOTHITUBHUX MOPYILIEHb NPHU
XA BUKOPHUCTOBYIOTb TenTamnen-
tugHuM romosior AKTT, , cemakc,
1110 IEMOHCTPYE AOCTaTHbO BHCO-
Ky HOOTPOITHY aKTUBHICTb. Takum
YUHOM, KOMILJIEKC POBE/IEHHX J10-
CJIi/PKEeHb CBIAYMTB PO MepClek-
TUBHICTb BUKOPUCTAHHS NENTH-
JiB-TIpeICTaBHUKIB CUCTEMU Me-
JIAHOKOPTHUHIB AJid Tepamnil XA.
TpuBasvii yac 3a/IMILIAINCS He-
BizoMuMu papmakosIoTiuHi BJia-
ctuBocTi Lys-Arg nap [IOMK, ¢i-
3i0J10TiYHA POJIb IKUX MOJIATAE Y
MapKyBaHHIi LJi€l MOJIEKYJIN 3a/1J14
if «HapizaHHsI» KAPOOKCUIIENTU-
Jla3aMM Ha okpeMi ¢parmeHTu [19].

B pe3ysibTaTi HeloAaBHIX J0CJTi-
J0KeHb 3'[CyBaslocs, 1110 MOCJiJi0B-
HicTb Lys**-Lys®-Arg® npucytHs
y B-BuruHi 4 netii HepoTpodiy-
Horo ¢akTopa Mo3kKy (BDNF) ta
€ KOMIJIEMEHTAPHOIO JISHIII pe-
1enTopa HelpoTpodiHiB p75NTR,
3B’AI3yI0YHUCh 3 IKUM, MOJIEKYJa
BDNF 3anyckae eHi0reHHUIN Hel-
pONPOTEKTOPHUM KacKaf,. Y MoJie-
KyJii paktopa pocty HepsiB (NGF)
LI} AisIHI € eKBiBaJIEHTHOIO I10-
clioBHIiCTb Lys®-...-Lys?, o Ta-
KO Bifmosizae 3a adpiniTer NGF
JI0 pelienTopiB HelpoTpodiHiB [12].
B iHmmi# po6oTi mokazaxo [9], 1o
MiHiMasibHUM ¢pparmeHToM AKTT,
HeOoOXiHUM /151 3B’sI3yBaHHA 3
MeJIaHOKOPTUHOBUM PELIENTOPOM,
€ aisiHka 15-18 (Lys-Lys-Arg-Arg).
3 orsiily Ha HaKONUYEHI JlaHi B
H/I Oco6inBo yncTHX Giompena-
paTtiB (M. CankT-IleTepOypr, Po-
Cisl) CHHTe30BaHO HU3KY ITOMOJIO-
riB AKTT . ,,, HAMONTUMaIBHIIIUT
KOMIL/IEKC papMaKOJIOTiYHUX BJIa-
CTUBOCTEN cepeJi IKUX BUSABJISE
TeTpanentu/ acetyl-(D-Lys)-Lys-
Arg-Arg-amide (sa6opaTopHuUii
mudp KK-1). Lie#t dapmakosoriv-
HUH IpenapaT MoKpallye Lnepe-
OpaJIbHUU Ta CUCTEMHHH KPOBO-
00ir 1IypiB i3 FOCTPUM MOPYILIEH-
HSIM MO3KOBOT'0 KPOBOOIry, 3Hau-
HO 3MeHIIIy€E HEHPOaronTo3 Ta Hel-
poAecTpyKLito 3a LepedbpaibHOI
imewmii, oBepekcnpecito NGF, imo-
BipHO, KOMIIEHCYI04YH HOT0 eH/I0-
reHHY HeHpOIMpOTeKTOPHY PyHK-
110, JEMOHCTPYE aHTUTIMOKCUY-
Hi, BUpa3Hi HOOTPOIIHI Ta aHTH-
JlerpecaHTHi BJyacTUBOCTI [3].
3a paxyHok D-popmu jiizuHy y MO-
sexyai KK-1 #ioro Jiist € TpruBasioro
(moHapn 24 ron).
BesnocepeAHbO BIJIMBAIOYU
Ha cucteMy HellpoTpodinis I'M,
Tetpanentus, KK-1 € noteH1in-
HO $apMaKoJIOTiYHO aKTUBHUM
3a XA. ToMmy MeTO0 A0C/iKEHHSA
CTaJIo eKCIIepUMEeHTa/IbHe BUBYEH-
H¢ MOro HeMPONPOTEKTOPHUX Ta
HOOTPOITHUX BJIACTUBOCTEMN Ha MO-

et XA y mypis.
Marepiasu Ta MeTOAU

BukopucrtaHo 28 6isiux paH-
JloMOpeHUX 1yPiB-caMIliB Ma-

corw 200-240 r, oTpuMaHUX 3 Bi-
Bapito lleHTpasibHOI HAyKOBO-/0-
caigHoi jabopaTtopii H®ay. ®op-
MyBaJid 4 Tpyny TBapuH 1o 7 y
KOXHiil: 1 — «]HTaKTHUH KOHT-
posiby» (IK), 2 - «kKonTposibHa na-
Tosioris» (KII), 3 - «[Ipenapat mno-
piBHSAHHS», 4 - «IlenTua KK-1».
MozesroBaIv CKOIOJIaMiH-3YMOB-
sieny XA [6]. [IpoTsirom 27 fi6 1my-
pam ycix rpyn, okpiMm IK, BHyT-
piltHboOYepeBUHHO (B/0) BBOIU-
JIY cKoroJiaMiH (Sigma, CLIA) B fo-
3i 1 Mr/kr 1 pa3 Ha fieHb. 3 28 gHs
npoTtsiroM 10 ai6 TBapruHam 3 Ta
4 rpyn BBOAWJIY IIpenapar Mopis-
HsIHHA Ta HelponenTua KK-1 Bia-
NOBiZHO. K NpenapaT MOpPiBHSH-
HSI BUKOPHMCTAHO iHTi6iTOp ale-
TuaxosiHectepa3u (AXE) ueHT-
pasibHOI [il JoHene3usa («AJse-
nisi», 3AT ®apmaleBTUYHUN 3a-
Boz ET'IC, Yropiuna). Moro BBo-
Auiu 1 pa3 Ha jleHb BHYTPILLHBO-
LIJIYHKOBO (B/11) B 103i 1 MT'/KT.
Tetpanentug KK-1 BBoguiu Ta-
ko 1 pa3 Ha JleHb iHTpaHa3a/b-
Ho (i/H) y no3i 0,1 mr/kr. TBapu-
Hu rpynu KIli/H Ta B/11 oTpuMy-
BaJIM €KBiBaJIeHTHY KIJIbKICTb i30-
TOHIYHOTI'0 PO3YUHY HATPIIO XJI0-
puay.

[Ticsig Kypcy Teparii oniHio-
Basiu QyHKIioHanbHUM cTaH [JHC
TBapHH 3a TeCTaMH BiIKPUTOTO
noJsig (BII), ekcTpanossniiHoro
BuBibHeHHA (EB) Ta yMoBHOTrO
pedJiekcy NacCUBHOTO YHUKHEH-
H4 (YPIIY) [6, 25]. Tectu BII Ta
EB BUKOHYBaJIM Ha NepILIXM JeHb
nicaga Tepanii, a YPIIY - Ha nep-
i Ta 10-4 geHb. Kputepiit Ha-
BueHocTi YPIIY - nepebyBaHHS B
OCBITJIEHOMY BiJ i/l pUiajy He
MeHIue 180 c. AHTUAMHECTUYHY
aKTHUBHIicTb (AA) po3paxoByBa-
s 3a popmyJioro batTaepa [5]:

AA = (AT, - AJITL) / (AT, -
— AJIT1,) 100 (%),

ae: AA - aHTMaMHeCTHM4YHa akK-
TUBHICTb, %;

AJIIL,, - pi3HULIA JITaTEHTHOTO Ile-
pioZy BXoAy 10 HEOCBITJIeHO] Ka-
MepHU IiJ, Yyac HaBYaHHA Ta MiJ,
yac BigTBOopeHHsa YPIIY pus rpy-
nu ¢dapMaKoJIOTiYHOro Mpena-
paty (zonemnesus a6o KK-1);
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Ta6aunnga 1

Bnius ¢papmakosioriynoro npenapary KK-1 ta npenapaty nopiBHAHHS JOHeNe3UIy
HA PyXOBY, OPi€EHTOBHO-A0CAiAHULIbKY AKTUBHICTb Ta €eMOILilHi peakuii IypiB
i3 Mo e/J1I0 CKOMOoJIaMiH-3yMOBJIEHOI XBOPOG6GH AJiblireiiMmepa, n=28

CkononaMiH 1 mr/Kr B/o, 27 AHiB
[Moka3HuKnM IHTaKTHUI
(3a 3 xB) KOHTpOnb (N=7) KOHTPOJIbHA poHene3nn 1 mr/kr | KK-1 0,1 Mr/Kr i/H
natonoria (n=7) B/w 10 gHiB (n=7) 10 gHiB (n=7)
PyxoBa akTugHicT® 15,29+3,68 14,29+3,18 2,0040,69%A 10,43+2,67$
(kBagpaTn)
OpieHTOBHO-AOCNIAHNLbKA
AKTUBHICTb:
CTinKkn 571+1,17 2,43+0,57* 0,43+0,20%A 2,43+0,72*%$
OTBOpMU 12,43+1,57 6,29+1,39*% 2,00+0,62*A 9,57+1,38A$
Cyma 18,00+2,08 8,71+1,76* 2,43+0,69*A 12,00+1,70*$
EmouinHi peakuir:
bontocn 1,00+0,69 0,86+0,86 2,00+0,98 0,29+0,18
YpuHauii 0,71+0,29 1,14+0,40 0,57+0,30 1,29+0,42
MpymiHr 4,14+0,67 2,29+0,78 0,71+0,57* 2,29+0,47*%$
Cyma 5,86+0,60 4,29+0,97 3,29+1,38 3,86+0,46*
. . . 27,29+4,50 7,71+£2,41*A 26,29+3,10$
Cyma BCix BUAiB aKTUBHOCTI 39,15+5,83 (- 30,3) (- 80,3) - 32.8)

MpumiTka. ¥ gy*Kax — % 3miH fO rpynu KOHTPOIO; BIAMIHHOCTI CTaTUCTMYHO 3HauyLwi (p<0,05): * — 3 rpynoto iHTaKTHOro KOHTPOIO,
A - 3 rpYNot KOHTPONbHOI NAToNOrii, $ — 3 rpynoto NpenapaTy NOpiBHAHHSA (AoHene3un).

AJITI,. - pisHULA JIATEHTHOTO Ile-
pioZly BXo4y 10 HEOCBITJIEHO] Ka-
MepH IiJ, yac HaBYaHHSA Ta Mif
yac BiaTBOopeHHd YPIIY as4 rpy-
nu KII;
AJITI, - pi3HULA JIATEHTHOTO Ile-
pioZly BXoA4y 10 HEOCBITJIEHO]I Ka-
MepH IiJ, yac HaBYaHHSA Ta Mif
yac BiaTBOopeHHd YPIIY gns rpy-
nu IK.

[Ticas yboro uypiB BUBOAU-
JIU 3 eKCIIEPUMEHTY IIJIIXOM Hap-
KOoTHU3alil Ta gekanityBaau. [M
BUIMaJIM Ta 3aMOPOKyBaJIu B ce-
peZloBUILi PiKOTO a30Ty AJif NO0-
JaJIbIIMX 010XiMIYHMX JOC/TI/HKEHD.
Y romoreHari, oTpuMaHOMYy 3 Be-
JIMKUX MiBKYJIb ['M, criekTpodoTo-
MeTPHUYHO BU3Ha4Ya/Iu BMICT alje-
Trixostiny (AX) [7] Ta akTUBHICTB
AXE 3a MmeTogoM EniMaHa Ta criB-
aBTopiB [10]. 3a MeTo0M Xa€la
[16] i3 TKAaHUHU MO3KY BU/IiJsA-
JIM CHHAIITOCOMHU XOJIIHePriYHUX
HeNpOHIB, /e TaKOXX BU3HAYaIu
piBeHb AX Ta akTuBHicTb AXE.

Pe3ysnbTaTu 06po6Jisau CTa-
TUCTHUYHO 32 JI0TIOMOT'0I0 IPOrpam
Statistica 8.0 Ta Microsoft Excel.
BukopucTtoByBaiv oAHODAKTOP-
HUU JucnepciiHui aHasi3 (one-
way ANOVA) abo KyToBe mnepe-

TBopeHHs Diliepa ¢ Npu ypaxy-
BaHHI pe3y/bTaTiB B aJibTepHa-
TUBHiN PpopMi. BinminHOCTI BBa-
»KaJIi CTaTUCTUYHO 3HAYYLUMHU
npu p<0,05.

JlocyipkeHHS BUKOHAHO Bij-
MOBIZIHO [0 0JIOKeHBb JlMpeKTu-
Bu 2010/63/EU EBpornelicbKoro
[TapsiamenTy i Pagu €C «Ilpo oxo-
pPOHY TBapuWH, BUKOPUCTOBYBaA-
HUX 3 HayKoBoto MeTowo» (2010).

Pe3ysnbTaTH Ta iX
0GroBOpEHHS

BB dapmMakosioriyHux npe-
IapaTiB Ha IOKa3HUKU TBAPUH 3i
CKOI0JIaMiH-3yMOBJIEHOIO XA y Te-
cti BI1 HaBegieHo y TabJ1. 1. Ak BUA-
HO 3 Ta6J/IMLi, TBAPUHU 3 MO/leJIb-
Hoto narosiorieto (rpyma KIT) xapak-
TepU3YIOThCS 3MEHILIEeHHAM Opi€H-
TOBHO-/10CJIiTHULILKOI aKTUBHO-
cTiy 2,1 pa3y NOPiBHSHO 3 FPYIOI0
iHTakTHOTO KOHTpOJIIO (p<0,05),
y TOM 4ac K IX JOKOMOTOPHA aK-
THUBHICTb MalXe He 3MIHIETHCS.
Le cBiAYMTH MpO MiJBUILEHHS €MO-
1[iiHO1 JIaGITbHOCTI Ta CTPeCc-3yMOB-
JIEHOI TPUBOXKHOCTI L1y piB i3 Mo-
JeJsnto XA y BiANOBiAb HAa HeBI-
JOMUM BiakpuTUd npocrip. JloHe-
Me3uJ He TiJIbKY He BiJJTHOBJIIOE,

aJie i 3MeHUIYE AK PYXOBY, TaK i
OPiEHTOBHO-OCHITHUIIBKY (Y 7,1
Ta 3,6 pasu BiINOBIIHO, IOPiBHS-
Ho 3 rpynoto KII) akTUBHICTB 111y-
PpiB, BUABJISIIOYM BUPa3Hi cejaTUB-
Hi BiaactuBocTi (p<0,05). Ha Ti
Tetpanentuay KK-1 opieHTOBHO-
JOCNiJHULIbKA aKTUBHICTb 3pO-
ctasay 1,4 pa3u NOpiBHSAHO 3 Ipy-
noto KII 3a paxyHOoK 36i/1bllIeHHS
TOPU30HTAJBbHOIO KOMIIOHEHTY
(kinbKOCTi 06CTEXKEHHX OTBOPIB,
p<0,05 3 rpynoto mnartoJsorii).
Takox pocsipKyBaHUH NenTU/,
CTaTUCTUYHO 3HAYYL0 3MEeHLIYE
KIJIBKICTh aKTiB rpyMiHry (mpo-
sIBCTpecoBoipeakiiii) Ha44% mo-
pPIBHAHO 3 TPYNOK KOHTPOJIIO
(p<0,05). TakuM 4YUHOM, B yMO-
Bax Tecty BIl TeTpanentuz KK-1
3MeHIIY€E eMOLiMHY JIabibHICTD
mypiB i3 Mogesuito XA, 1110 BUSB-
JIAETHCA M BULLIEHHAM iX Opi€eH-
TOBHO-A0CJJIAHUIbKOI aKTUBHO-
CTi i 3HMXKEeHHSAM IIPOABIB cTpec-
3yMOBJIEHOI KOMIIYJIbCUBHOI I10-
BeJliHKU (TpyMiHTY).

B Tecti EB TBapuHu i3 mo-
JeNbHOI0 XA XapaKTepU3yrTbCA
3HKEHHSM KOTHITUBHUX QYHK-
1IiH, 110 BUSBJISETHCS 30i/1bIIEH-
HSIM 4yacy, Heob6xiJJHOTO JJis Tip-
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Tabnng 2

BriuB ¢papmakosioriyHoro npenapary KK-1 Ta npenapaTy nopiBHAHHS JOHeNe3UIy
Ha MOKa3HMKU WYPiB i3 MOJe/I/II0 CKOIOJIaMiH-3yMOBJIEHOI XBOPOG6HU AJybLireliMepa
Yy TeCTi eKCTpanoJisALiiHOro BUBiJIbHEHHs, n=28

[Moka3HuKnM
(3a 3 xB)

IHTaKTHWI
KOHTpOb (N=7)

CkononamiH 1 mr/kr B/o, 27 pi6

KOHTPOJIbHA
naTosnoria (n=7)

JoHene3nn 1 mr/Kr
B/w 10 gi6 (n=7)

KK-1 0,1 Mr/Kr i/H
10 pi6 (n=7)

Yac ekcTpanonAuinHoro
BUBINIbHEHHH, C

37,17+8,51

51,29+£3,12*%

18,86%3,57

11,00+3,07*A

% TBAPVIH, L0 BMKOHaNm
3aBAaHHA

100%

100%

100% 100%

MpumiTka. BigMiHHOCTI cTaTUCTMYHO 3Havywi (p<0,05): * — 3 rpynoto iIHTaKTHOrO KOHTPOJIO, A — 3 FPYNoOto KOHTPOJbHOI NaTONOTii.

AHTMaMHeCTUYHa aKTUBHICTb, %

81,5

100 1

80 1 56,5

60 1 e -

40 1

20 1

24 ron

E] poHeneann, 1 mr/kr, n=7

10 gi6
F1 KK-1, 0,1 mr/kr, n=7

Puc. 1. AHTMAMHECTHMYHA OKTMBHICTb ddapmakoaoriyHoro npenapary KK-1
TQ MPENAPATy MOPIBHAHHA AOHEME3MAY Y LLLYPIB 3 MOAEAAID
CKOMOACMIH-3YMOBAEHOI XBOPOOM AAbLIrEMMEPAd B TECTI YMOBHOTO
pedoAeKCyY MACUBHOTO YHUKHEHHS HO 1 Ta 10 A0BY nicAd Tepanii

HaHHS iJl Kpal uJliHApa npuia-
Ay EB Ha 38% (p<0,05 npoTu rpy-
nu KII, taba. 2). Terpanentuf,
KK-1 no3uTHBHO BIUIMBAE Ha 1led
[NOKa3HUK. BiH 3MeHI1ye yac mij-
HUPIOBaHHS TBApPHH MiJ| Kpan Lu-
JiHapa y 4,7 pa3u NOpiBHAHO 3

rpynoro KII (p<0,05). [logi6Hi pe-
3yJIBTaTU OTPUMaHi B eKClleprMeH-
Ti Ha IHTAaKTHUX TBapuHax [2].
OTxe, TO3UTUBHUU BIJIUB TETpa-
nentuay KK-1 Ha no6yzmoBy onTu-
MaJIbHOI MOZieJsli NOBeJiHKU 11y-
piB 3a ymoB TecTy EB xapakTepu-

3y€ MOr0 3JaTHICTb CTUMYJIIOBA-
TH KOTHITUBHI QYHKIL], 1110 € Mpo-
ABOM HOOTPOITHOI Jii.

Y tecti YPIIY (Tab6.. 3) mo-
JesibHa XA BUABJISIETbCS CYTTE-
BUM 3HW)KEHHAM JIATEHTHOT'O 4a-
Cy BXOJy [0 3aT€MHEHOI0 BiZICIKY
npuiaaay sik Ha 1 106y (Ha 58,1%,
p<0,05 3 rpynoto KII), Takixa 10 fo-
6y micsist Teparii (Ha 61,1%, p<0,05
3 rpynoto KII). Takum 4ruHOM, cI1o-
CTepiraeTbcsl MOopyLieHHs GopMy-
BaHH#A Ta dikcallii maM’aTHOTO CJIi-
Zly B IIypiB 3 MOZEJIBHOI0 NaTo-
JIOTI€10, 1110 CBIAYUTH IIPO NOTip-
[IeHHS iX MHECTUYHUX QYHKILiH.

Tetrpanentuy KK-1 ta npena-
paT NOpPiBHAHHA NI BULLYIOTh Jia-
TEHTHUWH 9ac BXOAY TBApHH [JI0 3a-
TeMHeHoi kamepu. Ha 1 106y mic-
JiS Tepalii JocaigpKyBaHUM npe-
napatT KK-1 nepeBepiuye 3a ak-
THUBHICTIO JOHEINE3WJI, IKUM JTi€ JIN-
uie Ha piBHi TeHZeHLil. Ha 10 go-

Tab6ung 3

BB ¢papmakosioriynoro npenapaty KK-1 Ta npenapaty nopiBHsIHHS JOHeNne3UJ1y
Ha JIATEHTHMI Yac BXOAY IIypiB 40 3aTEMHEHOrO0 Bi/ICiKy B TeCTi yMOBHOTro0 pedJieKkcy

MMaCUBHOI'0 YHUKHEHHs, n=28

JlaTeHTHMI Yac Bxody B 3aTeMHeHun Biacik npunagy YPIY, c

[pyna, n
BUXiAHWI yepes 24 rog yepes 10 gi6
IHTaKTHUI KOHTPONDb (N=7) 18,71+3,52 167,86+11,49 99,86+17,06
KoTponbHa natonoris 20,29+5,54 70,29+16,44* 38,86+11,62%
(ckononamiH) (n=7)
Crononamix + [lonenesun 24,00+6,23 93,29+26,11* 69,43£11,10A
(1 mr/kr B/w) (n=7)
ﬁﬁ?(”::%“’”” + KK-T0,1 mr/kr 20,14+3,73 126,14+23,62 89,71+19,09/

MpumiTka. BioMiHHOCTI cTaTMCTMUHO 3Havywi (p<0,05): * — 3 rpynoto iIHTaKTHOIrO KOHTPONIO, A — 3 rPYNoOto KOHTPOJbHOI NaTONOTii.
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KinbKicTb TBapuH, WO AOCAMNU KPUTEPit0 HABYEHOCTI
YMOBHOMY pedrieKkcy NaCUBHOIrO YHUKHEHHS, %

714

80-
70-
601 42,97
50-
40
30 14,3 14,3
20- 0 ;

10

24 ron 10 pi6
B koHTponb, n=7 El natonoria, n=7 & noneneaun, 1 mr/kr, n=7 EIKK-1, 0,1 mr/kr, n=7

Puc. 2. Bname doapmakoaorisHoro npenapaty KK-1 1a npenapary NopiBHAHHA AOHEMNE3MAY HO KIAbKICTb LLLyPIB
i3 MOAEAAIO CKOMOAGMIH-3YMOBAEHOT XBOPOOU AAbLIFEMMEPQ, LLLO AOCATAM KPUTEPIIO HOBYEHOCTI YMOBHOMY
pedoAekCy NACKBHOIO YHUKHEHHS Ha 1 Ta 10 A0BY nicAd Tepanii, n=28.
MPUMITKA: BIAMIHHOCTI CTATUCTUMYHO 3HAYYLLL (P=<0,05): * — 3 rpynoto iHTAKTHOTO KOHTPOAIO; A — 3 Tpynoto
KOHTPOABHOI MATOAOTII

oy nerntug KK-1 migBuriye aTeHT- Ha puc. 1 306pakero AA ak- mii (Tect YPIIY). flk y nepuiomy,
HMH yac Bxoay y 2,3 pasu (p<0,05 THUBHIiCTb GapMaKoJIOTiYHOTO ITpe-  TaK i y APyroMy BuUmajkax AA
3 rpynoto KII), a ronene3us - B mapaty KK-1 ta goHene3uny ye- Terpanentuay KK-1 € Buioro 3a
1,7 pasu (p<0,05 3 rpymnoto KII).  pe3 24 rox ta 10 1i6 micas Tepa-  MOKA3HUK IpenapaTy MOPiBHAHHSL.

4.4 .

L T T LT T
BwmicTt aueTUnxoniHy B TKaHUHI MO3KY, MKr/r TKAHUHU

A b, .

A0 e e e i

38 .................................................................. —

36 .................................................................. —

Bg [ e TR -

B2 e b ] -

2,49*A
3.0 ........................................................ $ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

2.8

2.6

2.4

2.2

2.0

1.8

o Mean
|:| Mean * SD
| Mean+1,96SD

1.6

1.4 !

Puc. 3. Bname doapmakonoriyHoro npenapaty KK-1 1a npenapaty NopiBHAHHA AOHENE3MAY HA BMICT ALLETUAXOAIHY
B TKOHMHI MO3KY LLLYPIB i3 MOAEAAID CKOMOAQMIH-3YMOBAEHOI XBOPOBU AAbLIrenmepa, n=28.
Mpumitka. BiaMiHHOCTI CTATUCTUYHO 3HA4YLL (P<0,05): * — 3 rpynok KOHTPOALD; A — 3 rPYMNOK MATOAOTI;
$ — 3 rpynoto AOHeNe3nAy



ISSN 1562-725X

CLINICAL PHARMACY. = 2016. - Vol. 20, No. 4 57

9 T T

AKTUBHICTb aueTunxosiiHecTtepa3u B TKaHMHi MO3KY, MKMOJb/T Ginka * rog

o Mean
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I Mean # 1,96*SD

Puc. 4. Bname doapmakoaoriyHoro npenaparty KK-1 1a npenapary NopiBHAHHA AOHEME3MAY HA AKTUBHICTb
ALETUAXOAIHECTEPA3M B TKAHWHI MO3KY LLLYPIB i3 MOAEAAID CKOMOAGMIH-3YMOBAEHOI XBOPOOU AAbLIrenmepa, N=28.
MPUMITKA. BIAMIHHOCTI CTATUCTUYHO 3HaYYLLL (P<0,05): * — 3 rPYMoO KOHTPOAIO; A — 3 TPYMOK MATOAOTII;

$ -3 rpynoto AoHenesnay

Ha 10 106y AA nmenTuzy 3pocTae,
1110 CBITYMTH [TPO TPUBAICTh KOTO
HooTponHoro edexTy. JocaipKy-
BaHUH (papMaKoJIOriYyHUHN Ipemna-
paT NO3UTHUBHO BIJIMBAE TAKOXK
Ha JApYrud TMOKa3HUK TeCTy
YPIIY - KiNbKiCTh TBapHH, L0 J0-
CATJIM KPUTEPiI0 HAaBYeHOCTI ped-
Jiekcy (puc. 2). Ha 1 1006y e mo-
ka3HuK mypiB rpynu KK-1 ctano-
BUB 42,9%, nepeBeplily0uU aHa-
JIOTIYHY aKTUBHICTb JJOHEIe3H-
Jy (CTaTUCTUYHO 3HAYYINi Bij-
MiHHOCTi 3 rpynoto IK BigcyTHi),
aHa 10 go6y - 14,3%, TM 4acoM
[AK BiATIOBiIHI IOKa3HUKHU B Ipy-
nax goHene3usy Ta KII ameHmy-
Basucs 10 0% supomosxk 10 fi6.

BmicTt AX Ta akTuBHicTb AXE
B TKaHWHI MO3KY Ta B CUHaNTO-
coMax 300pakeHo Ha puc. 3-6.
3a yM0OB MoJieJibHOI XA y cHHaIll-
Tocomax ['M 1ypiB pi3Ko 3pocTae

aktuBHicTb AXE (Ha 30,6%, p<0,05
3 rpynow IK) Ta, Ak Hacaimox,
3MeHINYETbCA KibKicTb AX (Ha
29%, p<0,05 3 rpymnoto 1K), ane B
TKaHWHI 1IiJIOT0 MO3KYy pi3HULIA
MK UMU NOKa3HUKaMU B Ipy-
nax [K Ta KII € cratuctu4yHo He-
3Hauyl1loto. IMOBipHO, 3arajibHUMN
piBeHb AX y TKaHHHI LIiJIOr0 MO3-
Ky CTaTUCTUYHO 3HAUYI0 HEe 3MeH-
HIYETHCA 32 paXyHOK MOT0 HasiB-
HOCTI y NO3aKJITUHHOMY NPOCTO-
pi Ta TUX KJIITUHHUX YTBOPEHHSX,
Jle BiH He BUKOHYE MeJliaTOpHOI
byHKLIT (Hanpukaa, y Tixi Hew-
pOHY). 3pOoCTaHHS AaKTUBHOCTI
AXE, m0 crioctepiraerbcs B Ja-
HOMY BUTIIAJIKY, € PiziosioriyHo 06-
IPYHTOBAHUM, OCKiJIbKU TPUBa-
Jia 6J10Ka/1a IOCTCUHANITUYHUX pe-
LIENITOPIiB CKOIOJIAMiHOM Ta HaJ-
JIMIIOK HE3B'SI3aHOr0 3 pelenTo-
paMu MeAiaTopa y CMUHATUYHIN

L[IJIMHI 3alyCKalTh MeXaHi3M
Hioro ¢epMeHTaTUBHOTI'O PYHHY-
BaHHS.

[IpenapaT nopiBHAHHA JOHE-
Ne3nJ B LIUX YMOBax Jji€ K TH-
noBul iHrioiTop AXE, 3MeHIIy-
I0YM aKTUBHICTb QEepPMEHTY SIK Y
cuHanTocomax (y 3,1 pasuy, p<0,05
3 rpynoto KII), Tak i B TKaHHUHI 11i-
Jioro Mo3ky (y 2,2 pasu, p<0,05 3
rpynoto KII). Ille npuBoauTh /10
3pocTaHHA KisbKocTi AX y TKa-
HMHI MO3Ky Ta HopMauti3alil y cu-
HanrTocoMax. [IpoTe, ik BiioMO 3
JIiTepaTypHUX JIXKepeJsi, HAKONHU-
yeHHs1 AX y CHHANTHUYHIN iau-
Hi i1 Ai€10 JOHene3uy He Kope-
JIIOE 3 IOT'0 HOOTPOMHUMM BJIaC-
TUBOCTSIMU B YMOBaX JIeSIKUX €KC-
nepuMeHTaIbHUX Mojiesiel XA [18],
YUM MOXKYTb [IOSICHIOBAaTHCSI HU3b-
Ki MOKa3HUKU QYHKI[IOHAIbHOI aK-
TuBHOCTI JHC mypiB i3 Mmozesuto
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Puc. 5. Bname doapmakoaoriyHoro npenapary KK-1 Ta npenapary NOpiBHAHHS AOHEMNE3MAY HO BMICT ALLETUAXOAIHY
B CMHAMNTOCOMOX MO3KY LLLYPIB i3 MOAEAAID CKOMOACQMIH-3yMOBAEHOT XBOPOOU AAbLIrermepa, n=28.
MPUMITKA. BIAMIHHOCTI CTATUCTMYHO 3Ha4YLLI (P<0,05): * — 3 rpynoo KOHTPOAIO; A — 3 rPYMNOK MATOAOTII;

$ - 3 rpynoto AoHenesmAy

XA, BugsJieHi B Tectax BII, EB Ta
YPIV.

JocnimxyBanuii nentug KK-1,
Ha BiMiHY BiJ| fOHene3uy, He-
3HayHo npurHiuye AXE, mpore
cripusie Hakonu4yeHHio AX y cu-
HaNnTOCOMax Gi/bIlI BUPA3HO, HIXK
npenapar nopiBHAHHA. KisbkicTb
MefiaTopa 3pocTae B 1,5 pasu mo-
piBHsIHO 3 rpymnoto KII (p<0,05).
3a num nokasHukoM KK-1 nepe-
BepILIy€e aKTUBHICTD JJOHEIe3u1y
Ha 14% (p<0,05). To#t daxT, mwo
Ha Tii nentugy KK-1 piBenb AX
Yy CHHAIITOCOMax 3pOCTa€ BUpa3-
Hillle, HXK NiJ Ai€r0 JJOHENe3Uy,
a akTuBHicTb AXE NpUTHIYYETD-
cs c1ablile, 103BOJISIE TPUITYCTUTH
NO3UTHUBHUU BIJIUB JOCJiKyBa-
HOTO IpenapaTy Ha YTBOPEHHS
ab0 BHYTPIIIHBOK/IITHHHUM TPaHC-
NOPT MeZiiaTopa i3 COMU HEUPOHY,
Jie BiH YTBOPIOETBCA B LIUTO30JII.

Bigomo, 1110 xpoHiuHa 6J10Ka-
Jla MYCKapuMHOBHX peLenTopiB
(M-XP) rinokamity, CMyracToro Ti-
Jla Ta KOpPU MePeSHbOTO MO3KY
CKOII0JIaMiHOM MOTIipIIy€E TPUBA-
Jly moTeHjianito (aHr. long-term
potentiation) - 0CHOBHY CKJI1a/10-
BY HEMPOHAJIbHOI MJIACTUYHOCTI
[13, 23]. 3gaTHicTb papMakosio-
rivHoro npemnapaty KK-1 nokpa-
IIIyBaTH MPOLIECH HABYAHHS (3MeH-
IIyBaTH CTPeC-3yMOBJIEHY TPHUBOXK-
HicTh wWypiB y Tecti BII, nokpa-
L[yBaTU pO3yMOBY [iSIJIBHICTb ¥
Tecti EB) i 3amam’siToByBaHHs
(Tect YPIIY) Ha TJ1i 6/10Ka I XO-
JIiHepTiYHUX CTpyKTyp I'M CBif-
YUTb PO HOT0 3a/Iy4eHICTh /10 pe-
TyJILiI MeXaHi3MiB KJIITUHHOI a-
M’siTi. BoHa MoXke peaJsiizoByBa-
THUCS TAKOX 3aBJASAKHU MiABUILLEH-
HI0 adinHiTeTy AX 10 IEHTpa/Ib-
Hux M-XP. Takuii MexaHi3M npu-

TaMaHHUU HU3Li aJI0CTEPUYHUX
aroHICTIB Ta NO3UTUBHUX aJo-
CTEPUYHHUX MOAY/IATOPIB X0JIiHED-
riYHOro pelenTOPHOro KOMIJIEK-
Cy, sIKi MaloTh psij epeBar nepef,
inri6iTopamu AXE (Buiry papma-
KOJIOTiYHY aKTUBHICTb) Ta Nps-
MHMH MyCKapMHOBUMH aroHicra-
MU (Kpalui npodisb 6e31eKH)
[8, 24]. OckinbKku ckomoJiaMiH €
HeceJIeKTUBHUM 6J10KaTopoM M-XP,
HEBI/ZIOMO, 32 NOCEPEHULITBA AKUX
caMme IX NiATHUNIB peasi3yeTbCs
HOOTPOIIHA aKTUBHICTb NENTUAY
KK-1.

[lenTpasbhi M-XP npejacras-
JieHi 5 migTunamMu ta € MeTabo-
TponHUMU G-6isI0K-3B’I3aHUMU
peuentopamu (G-protein-coupled
receptors, GPCR). 3 Hux 3 nigTu-
nu (M,, M, Ta M) noB’si3aHi 3
G,/Gy,-6ikom, a iBa (M, Ta M,) -
3 Gy/,-6i1KoM [22]. 3a TUTIOM BHYT-
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Puc. 6. Bname doapmakonaorivHoro npenapaty KK-1 Ta npenapary NOpIiBHIHHA AOHEME3MAY HO OKTMBHICTb ALLETUAXOAIHECTEPA3M
B CMHOMTOCOMOX MO3KY LLLYPIB i3 MOAEAAID CKOMOAGQMIH-3YMOBAEHOI XBOPOOK AAbLIrenmepa, N=28.
MPUMITKA. BIAMIHHOCTI CTATUCTUYHO 3HaYYLLL (P<0,05): * — 3 rPYMoO KOHTPOAIO; A — 3 TPYMOK MATOAOTII;

$ -3 rpynoto AoHenesnay

piltHbOMeM6paHHOro G-6inKa M,-
Ta M,-XP € criopifiHeHUMHU 3 pe-
LeNTOpaMU  MeJIaHOKOPTHUHIB
(MCRs), 3a mocepeHUIITBA IKUX
peasti3yeThbCsl FTOPMOHa/IbHA Ta Me-
niatopHa ¢yHkiis AKTI. B po6o-
Tax [1, 4] nokasaHo, 110 AiJsTHKA
AKTT 15-18 (Lys-Lys-Arg-Arg) €
aHTaAroHiCTOM MOJIEKYJH L[bOT'O
TOPMOHY, §IKa, 3B’A3yt0umch 3 MCRs,
6J10Ky€ BHYTPIiIIHbOKJIITUHHUU
aZleHIaTIUKIa3HUM CUTHaJIbHUH
KackaZ. ToMy B3aeMozisl enTu-
ny KK-1 i3 M,- abo M,-XP moxe
BiZI0yBaTHCA Ti/IbKM 32 MPUHIIU-
oM iX 6JIOKYBaHHs, a He aroHi3-
MY YM aJIOCTEPUYHOI MOAYJIAILL.
bisibll iMOBipHOIO € MoAyJALis
G,/G,,-3B'sI3aHUX META60TPOOHHUX
MyCKapUHOBHUX pelenTtopis (M,,
M, Ta M;). Take npuIyiieHHs € Jj0-
peYHUM, TOMY 1110 AesKi Helpo-
tpodinu (NGF, BDNF), y cknazi
SAKUX NPUCYTHS aMiHOKUCJIOTHA

nocaigoBHicTb KK-1, BUSIBASIOTh
dapMako/10TiyHi BJIAaCTUBOCTI ye-
pe3 G,/G,,-3B'13aHi pelenTopu Tu-
po3uHkiHas (TrkR), mo HanexaTh
Jlo opHoro nigruny 3 M,-, M,-, ta
M;-XP [17]. B Takomy pas3i focJi-
mxyBanui nentun KK-1 imiTye
pOJIb eH/I0TeHHUX HeUPOTPODiHiB,
MO/Iy/II0104H aKTUBHICTD G /G;-
3B’s13aHUX M-XP, B pe3y/ibTaTi 4o-
ro MNOKpallyITbCA KOTHITHBHI
JyHKIII TBapUH 3i cKomoJsiaMiH-
3yMoBJIeHOI0 Mozesunto XA. g Te-
3a noTpebye NoJaIbLIOro eKcIie-
pPHMEHTa/IbHOTO 0OI'PYHTYBAaHHS,
JIM3aliH IKOT0 M0JIAraB 61 B yTOY-
HeHHI nigTuny M-XP Ta xapakre-
py BiuiuBy nentuy KK-1 Ha Hux.

BUCHOBKH

1. EkcriepuMeHTa/IbHa MOZE/Ib
xBopobu Ausblreiimepa (XA),
3YMOBJIEHOI CKONOJaMiHOM, BU-
ABJISIETHCA Y 1ypiB 3HUKEHHAM
¢dyHk1ioHanbHOI akTUBHOCTI LIHC.

2. ®apmakoJsioriyHUM npemna-
part acetyl-(D-Lys)-Lys-Arg-Arg-ami-
de (KK-1) 3a iHTpaHa3asibHOro BBe-
JleHHsA y 103i 0,1 Mr/Kr BIpo/ioBx
10 fHiB 3HMXKYE IPOSABU MO/ieJIb-
HoI XA y m1ypiB. 30KpeMa, BiH 3MeH-
LIYE CTPEC-3yMOBJIEHY EMOLIHHY
JIaGiNbHICTB WypiB y BiAKpUTO-
MY I0JIi, CTUMYJIIOE KOTHITUBHI
byHK1I B TecTi eKcTpanoasin-
HOT'0 BUBIJIbHEHHS Ta YNUHUTDb BU-
pa3Hy aHTUAaMHECTUYHY Jil0 y Te-
cTi yMOBHOTr0 pedieKcy MacuBHO-
ro yHUKHEHHS.

3. 3a BnsIMBOM Ha QyHKIio-
Ha/ibHI nokasHuky JHC wypiBs i3
mozesto XA nentus KK-1 nepe-
Beplye epeKT mpenapaTy Mopis-
HSHHA - iHri6iTOpA aleTUIXO0JTi-
HecTepasu LeHTpaJbHOI Ail 10-
Henesuay. HootponHa gisg KK-1
3a IIMX YMOB € TpHBaJsowo (36e-
piraeTbcsl BOPOJOBXK HE MeHIIe
10 gHiB).
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4. Jlocaiip)kyBaHUM npenapaTt
HEe3Ha4yHO NPUTHIYY€E aKTUBHICTh
aleTUIXOJliHeCTepa3y y CUHANTO-
COMax roJIOBHOT'O MO3KY 1LYPIB i3
MozeJsto XA, npoTe piBeHb alje-
TusxoJiny Ha Tiai KK-1 3pocrae

BHpas3sHillle, HiXK PU 3aCTOCYBaH-
Hi foHene3suay. OTxe, nentrug KK-1
Ma€ Ba)kJ1Bi 3a XA X0J1iHOIIO3U-
TUBHI BJIAaCTUBOCTI, AKi He obMe-
YKYIOTbCSl IeHTPaJbHUM aHTUXO-
JIIHECTepPa3HUM MEXaHi3MOM.

5. [lepcrieKTUBHUM € I01aJTb-
1Ie KJiHiYHe JOoCaiJ)KeHHS Mel-
tuay KK-1 sk HelponpoTeKTop-
HOrO Ta HOOTPOITHOTO 3acoby
JJ1s1 JIiIKyBaHHsI HEUpoJereHepa-
THBHHUX 3aXBOPIOBaHb.
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HOOTPOIIHI BJACTUBOCTI TETPANENITU/Y ACETYL-(D-LYS)-LYS-ARG-ARG-AMIDE (KK-1) HA MOAEJII XBOPOBU
AJIBITEMMEPA'Y 11YPIB, 3YMOBJIEHOI XPOHIYHUM BBEJEHHAM CKOIIOJIAMIHY

P.J1.[leiiko, C.I0.Illmpuzoaw, T.B.Top6au*, 0.0.Koao0608** A.C.Cum6ipyes**

HayionaavHuil ghapmayeemuyHuii ynieepcumem, XapkiecvKkuii HayioHaabHuil meduyHuii ynieepcumem?*, @AYIl
«/IepacasHulii HAyK080-d0cAidHUll IHCmMumym oco6.1ueo Yucmux 6ionpenapamie» ®MBA Pocii, Cankm-Ilemep6ypa**

Katouosi cnosa: xeopoba Anvyzetimepa; Heliponpomekyis; MeqaHOKOpMUHU; mempanenmuou; eKchepumeHm

YoockoHnanenHs mepanii xeopobu Anvyzetimepa (XA) - odHe 3 HatiakmyaabHiwux 3a80aHb cyyacHoi meduyuHu ma gap-
Mmayii. [lepcnekmusHUM € cmeopeHHs ma papmako102iyHe 8UBYEHHSI OPUSIHAILHUX JAIKAPCLKUX 3aco6ie das ii mepanii.
[lepcnekmusHUM KAAacOM MAaKux 3acobis € Heliponpomekmopu. Y H/[l Ocobaugo yucmux 6ionpenapamie cmeopeHo me-
mpanenmud acetyl-(D-Lys)-Lys-Arg-Arg-amide (na6opamopnuii wugp KK-1). B ekchepumenmi Ha modeni yepebparsHoi
iwemii KK-1 susies51€ nomysicHi HellponpomekmopHi ma HoomponHi saacmusocmi. Mema docaioxceHHs: — docaioumu HoomponHi
eaacmusocmi KK-1 na modeni XA. Y wjyypie modearoganu ckonosamin-zymosaery XA. [l[pomszom 10 0Hie ix aikyeaau nen-
mudom KK-1 (0,1 m2/ke inmpaHasasisHo, 1 pa3 Ha deHb) a6o npenapamom nopieHsaHHA (JoHene3us, 1 m2/ke eHympiw-
HbOW.IYHK080, 1 pa3 Ha denv). [licas mepanii oyiHoganu yHkyionaavHuli cman [JHC wypie 3a mecmamu 8idkpumozo
noss (BII), ekcmpanoasyitiHozo suginbHeHHs (EB) ma ymosHozo pegdiekcy nacusHozo yHukHeHHs (YPILY). Y eomozenami
yinoeo 201081020 Mo3Ky (I'M) ma cunanmocomax I'M chekmpogdomomempuuHo 8U3HA4ANU piseHb ayemuixoniHy (AX)
ma akmueHicmb ayemusxoainecmepa3su (AXE). [locaioxcyeanuli papmakonoziunuti npenapam KK-1 3menuiye cmpec-
3YMO08/1€HYy MPUBONHCHY N0BEJIHKY Wypie i3 ModeabHow XA 3a mecmom BIl, nidsuwyrouu ix opieHmogHo-00cAi0HUYbKY
akmusHicmy (y 1,4 pasu, p<0,05) ma 3ameHwyo4u emoyiiini peakyii (Ha 44%, p<0,05). B mecmi EB nenmud KK-1 no-
Kpawye koeHimueHi pyHKYii wypie, ameHwyroyu yac nipHauHs nio kpatl yuaindpay 4,7 pasu (p<0,05). 3a mecmom YPIIY
8CMAHOB/1EHO 8UCOKY AHMUAMHECMUYHY AKMU8Hicmb docaidxcysaHozo npenapamy (56,5% ma 81,5% Ha 1 ma 10 deHv
nicast mepanii gionosiono). 3a ycima nokasHukamu KK-1 nepeseputye akmusHicms doHenesusy. MexaHiam HoomponHoi
dii KK-1 Ha modeni XA noasizae y nidsuweHHi pieHsi AX 6 cunanmocomax M-xoniHep2iuHUX peyenmopis, iMo8ipHO, WS-
xom cmumyasyii tioeo cunmesy. KK-1 nomipro npuzHiuye AXE, yum dodamkoso chpusie Hakonu4eHHr AX 8 cuHanmuyHit
Winuui xoniHepaiuHo2o cuHancy. Mojcausor € makosc esaemodia mempanenmudy KK-1 i3 G /G,;-36"a3anumu M-, M-,
ma M- xoniHep2iYHUMU peyenmopamu 3a NPUHYUNOM NO3UMUBHOI aa10cmepu4Hoi ModyAsyii.

HOOTPOITHbIE CBOWCTBA TETPAINENTU/JA ACETYL-(D-LYS)-LYS-ARG-ARG-AMIDE (KK-1) HA MOJAEJIW BOJIE3HU
AJIBITEMMEPA'Y KPBIC, OBYC/IOBJIEHHOHW XPOHUYECKHWM BBEJAEHUEM CKOIIOJIAMUHA

P.J1.[leiiko, C.I0.Illmpvizoas, T.B.Fop6au* A.A.Kono60e** A.C.Cum6upyes**

HayuoHaawvHblil hapmayeemuyeckuii yHugepcumem, XapbKo8ckuil HAYUOHA1bHbLI MedUYUuHCKUll yHugepcumem?,
@I'YII «I'ocydapcmeeHHblIl HAy4YHO-UCCAed08ameabCcKUll UHCMumym oco60 yucmsix 6uonpenapamos» ®MBA Poccuu,
Cankm-Ilemep6yp2a**

Karouesvle cno8a: 601e3Hb Aﬂbuzeﬁmepa; Heﬁponpomekuuﬂ; Me/IAHOKOPMUHbI; mempanenmud; JKcnepumeHm

YcosepuiencmeosarHue mepanuu 6o0s1e3Hu Anvyeelimepa (BA) — 00Ho u3 Haubo1ee aKmMya1bHbIX 3a0aHUll co8pemeHHol
MeduyuHel u papmayuu. llepcnekmueHo cosdanue u apmakosozuueckoe uccaedosaHue Opu2uUHAAbHbIX AeKAPCIMBeH-
HbIX cpedcms 04151 ee mepanuu. [lepcnekmugHbIM KAaccom makux cpedcma sisasittomest Heliponpomekmopbl. B HUH Oco6o
yucmolx 6uonpenapamos cosdad nenmud acetyl-(D-Lys)-Lys-Arg-Arg-amide (na6opamophbiil wudp KK-1). B skcnepu-
MeHme Ha Modeau yepebpanvroll uwemuu KK-1 demoHcmpupyem evipasiceHHble Hel[ponpomeKkmopHble U HOOMponHbsle
csoticmea. Ljeas uccaedosanust — uzyuums HoomponHble ceoticmea KK-1 Ha modeau BA. Y kpuic Modeauposaau ckonoaamuH-
o6ycaossneHnyro BA. Ha npomsiscenuu 10 dHell ocywjecmeisiau mepanuio gpapmakoaozuveckum npenapamom KK-1 (0,1
Mz/Ke UHmMpaHasaavHo 1 pas 6 deHdv) uau npenapamom cpagHeHusi (doHenesu, 1 me/ke eHympusicesnydouHo 1 pas 6 deHb).
Iocae mepanuu oyeHu8aU HYHKYUOHAAbHOE COCMOSIHUE HCUBOMHbBIX NO mecmam omkpsimozo noas (OI1), akempano-
ASAYUOHHO20 u3basaeHus (M) u ycaosHozo pedaekca naccusHozo uzbezanus (YPIIH). B ecomozeHame yes1020 204108H020
Mo3ea (I'M) u cunanmocomax I'M cnekmpogomomempuuecku onpedesasnu ypogeHs ayemuaxoauHa (AX) u akmueHocmo
ayemusaxoauHacmepaswl (AX3). Hccaedyemulii npenapam KK-1 ymeHbwaem cmpecc-06yca108/4€HHYI0 MPes8oICHOCMb
Kpblc c modesvio BA 6 mecme OII, nogblwiast ux 0pueHmMupo8o4HO-UCC1e008amenbCKyo akmusHocms (8 1,4 pasa, p<0,05)
U yMeHbWasl yposeHb IMOYUOHAAbHLIX peakyuli (Ha 44%, p<0,05). B mecme 31 mempanenmud KK-1 nogbiwiaem koe-
HUmMueHble PYHKYUU KpblC, yMeHbUWasl 8pemst nodHblpusaHus nod kpali yuauHdpa 8 4,7 pasa (p<0,05 ¢ epynnoil namo-
s0zuu). [To mecmy YPIIH ycmaHosieHa 8bicokas aHmuamHecmuyeckas akmusHocms KK-1 (56,5% u 81,5% Ha nepavle
u decsimoble cymku coomeemcmeerHo). [lo ecem nokazamenam KK-1 npesviwiaem akmusHocms npenapama cpagHeHus
doHenesusna. MexaHu3zm HoomponHozo delicmeust KK-1 Ha modeau BA 3akaouaemcsi 8 nogbluweHuu ypogHs AX e cu-
Hanmocomax I'M, eeposimHo, 3a cuem cmumyasyuu e2o cunme3sa. KK-1 ymepenHo yenemaem AX3, uem donoiHuUmMenbHO
cnoco6cmayem HakonaeHurw AX 8 cuHanmuyeckoll weau xoauHepau4ecko2o cuHanca. Beposmuo makoce esaumodeii-
cmeue nenmuda KK-1 ¢ G,/G,;-ceazantvim M~ M-, u M-XoauHepauieckumu peyenmopamu no NpuHyuny no3umugHou
asnnocmepuyeckoll Modyasayuu.
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61002, m. XapkiB, By [IymkiHcbka, 53.
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ANALYTICAL DIAGNOSING OF MILNACIPRAN POISONINGS

S.V.Baiurka, S.A.Karpushyna, V.P.Moroz

National University of Pharmacy

Key words: chemico-toxicological analysis; milnacipran; isolation from the biological material;
TLC-screening; high pressure liquid chromatography

The method of milnacipran isolation with chloroform from the dehydrated biological material with subsequent extrac-
tion purification in the n-hexane-acetonitrile solvent system has been developed. The method developed has allowed to
isolate 47+5% of the antidepressant. The TLC-screening method of a number of antidepressants has been developed using
four mobile phases with a low correlation and the sequential scheme of visualization by a set of chromogenic reagents.
It has allowed to separate milnacipran, venlafaxine, amitriptyline, fluoxetine and sertraline. As differentiating reagents
the Liebermann’s reagent and the Mandelin’s reagent in modification consisting in sequential treatment of the sample by
the Mandelin’s reagent and formaldehyde vapours have been suggested. The methods of identification and quantitative
determination of milnacipran in the biological material after the TLC purification using HPLC with multiwave UV-spectro-
photometric detection have been developed. The calibration curve of the dependence of the peak area on the concentration
was described by the following equation: Y=5.14-10°X; linearity was within the concentration range of 24.2-500 pg/ml;
LOD and LOQ were 8.0 and 24.2 pg/ml (at 262 nm), respectively. The results obtained can be used in forensic toxicology

for diagnosing milnacipran poisonings.

ilnacipran - (1R,2S)-rel-

2-(Aminomethyl)-N,N-
diethyl-1-phenylcyclopropane-
carboxamide is a novel third-ge-
neration thymoleptic. Its pharma-
cological effect is due to the dual
action, it is a selective serotonin
and norepinephrine reuptake in-
hibitor (SNRI). Milnacipran is used
for the treatment of moderate and
severe endogenous depression [3].
Fatal intoxications associated with
milnacipran overdoses and co-ad-
ministration of fluoxetine and ser-
traline in therapeutic doses [8],
as well as ethanol [10] have been
reported, in these cases periphe-
ral blood concentrations of milna-
cipranare 21.5 mg/land 3.15 pg/ml,
respectively.

Bioanalytical methods for ana-
lysis of milnacipran in the blood
and plasma using high pressure
liquid chromatography with UV
spectrophotometric [7], diode array
[12] and MS- [5] detection have
been developed. Methods of ana-
lysing the biological material for
the presence of milnacipran have
not been developed. The general
isolation methods appeared to be
ineffective for a number of anti-
depressants, in particular for ami-

triptyline, fluoxetine and sertra-
line [1, 2], due to the lipophilic pro-
perties of these substances [6].
In this regard, the practical inte-
rest is the study of the efficiency of
milnacipran isolation (Vd=5.51/kg
[6]) from the biological material
with chloroform as a lipophilic sol-
vent with subsequent extraction
purification in the n-hexane-ace-
tonitrile solvent system [4]. There-
fore, the aim of this study was to
determine the optimal conditions
for milnacipran isolation from the
biological material, develop the TLC-
screening scheme for the group
of antidepressants, which can be
co-administrated with milnaci-
pran, as well as the methods of
identification and quantitative de-
termination for milnacipran in the
biological material by HPLC with
multiwave UV-spectrophotomet-
ric detection.

Materials and Methods

The method of milnacipran iso-
lation with chloroform with sub-
sequent extraction purification in
the n-hexane-acetonitrile solvent
system. Add 1 ml of the aqueous
solution containing 574 mg of mil-
nacipran hydrochloride (corres-

S.V.Baiurka — Candidate of Pharmacy, associate professor of the Department
of Toxicological Chemistry of the National University of Pharmacy (Kharkiv)

ponding to 500 mg of the milna-
cipran base) to the powdered bio-
logical sample (5 g of the liver tis-
sue) and allow to stand for 24 h.
Simultaneously perform the blank
experiment.

[solation of milnacipran from
the liver with chloroform was car-
ried by the method given in the
work [7].

The method of Thin Layer Chro-
matography. Two types of chroma-
tographic plates - Merk (Silica
gel 60 F254, 10x20 cm in size)
and Sorbfil (PTLC-P-A) (10x10 cm
in size) were used for thin-layer
chromatographic studies.

Evaporate 10-30 ml aliquots
of the final chloroform extract ob-
tained from the tissue spiked with
milnacipran and extracts from the
blank tissue (drug-free) to the mi-
nimum volume (~ 0.05 ml) and
spotas a band onto the start line.
Next to it spot 10 ml of the stan-
dard solution of milnacipran in me-
thanol (1 mg/ml). At first develop
the chromatograms in chloroform
to separate the drug from endoge-
nous impurities, then use four mo-
bile phases (listed below).

Thin-layer chromatographic stu-
dies were performed as described
in the work [1, 2, 4]. The antide-
pressant was detected on the plate
with the chromogenic reagents pre-
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Table 1
The results of antidepressant visualization in TLC-screening
Reagent (colour and sensitivity, ug per a sample)
Antidepressant | pragendorff's acidified Liebermann’s Mandelin’s el
reagent by Munier| iodoplatinate reagent reagent reagent -
formaldehyde
Milnacipran | orange (5.0) blue (1.0) %/selcljc))w —> orange - -
Venlafaxine orange (3.0) blue-violet (2.0) brown — cherry zolr\),\lllr;e_;Chferg light
ge . ) —red (5.0) 4.0) 9 blue (5.0)
e i yellowish-
Amitriptyline |orange (2.0) blue-violet (0.2) brown (3.0) brown (0.5) brown (0.5)
Fluoxetine orange (1.0) blue-violet (0.5) gr%\)/vn blue (3.0) green (3.0)
violet — brown
Sertraline orange (1.0) violet (1.0) — discoloration - -
(2.0)
Table 2
Chromogenic reagents for the final stage of the antidepressant visualization in TLC-screening
Antidepressant Reagent (colour and sensitivity, ug per a sample)
. . . S mercury sulphate saturated .
Milnacipran ninhydrin (pink-violet, 4.0) solution (blue, 6.0) Van Urk’s (yellow, 3.0)
Venlafaxine Froehde (greenish — violet (on the edge), 8.0)
Amitriptyline concentrated sulphuric acid (orange, 0.2) Froehde (brick-red — green, 5.0)
Fluoxetine ninhydrin (orange, 5.0) Froehde (blue, 4.0)
. potassium permanganate solution ) Froehde
Sertraline (blue-violet, 5.0) Van Urk’s (yeflow, 5.0) (brownish-green, 5.0)

sented in Tables 1, 2. Elute milna-
cipran from the chromatogram band
untreated by the location reagents
with methanol. Evaporate the elu-
ate, and reconstitute the residue
1 ml of methanol.

The method of HPLC. The HPLC
study was performed using a “MiLi-
Chrome A-02” microcolumn high
pressure liquid chromatograph with
a multiwave UV-spectrophomet-
ric detector by the method pre-
sented in the work [4]. The injec-
ted volume was 10 pl. Quantita-
tive determination of milnacipran
in eluates from chromatograms
was carried out at the wavelength
of 262 nm.

Results and Discussion

According to the epidemiolo-
gical studies [9] the most poiso-
nings with novel antidepressants
are combined. The scheme of mil-

nacipran detection by thin layer
chromatography screening me-
thod in the presence of a number
of antidepressants from different
groups such as venlafaxine (SNRI),
amitriptyline (TCA), sertraline and
fluoxetine (SSRI) has been deve-
loped.

The simultaneous use of four
mobile phases (MP) with a high
distributive power in relation to
drugs under study and the lowest
correlation between them was pro-
posed. They are ethyl acetate -
methanol - 25% ammonium hyd-
roxide solution (85:10:5) (MP 1),
methanol - 25% ammonium hyd-
roxide solution (100:1.5) (MP 2),
cyclohexane - toluene - diethyl-
amine (75:15:10) (MP 3), and to-
luene - acetone - ethanol - 25%
ammonium hydroxide solution
(45:45:7.5:2.5) (MP 4). The Rf va-
lues of antidepressants in the mo-

bile phases selected on two types
of the chromatographic plates (Merk
and Sorbfil) are shown in Table 3.
The Dragendorff’s reagent modi-
fied by Munier and acidified iodo-
platinate solution were the most
sensitive common reagents for de-
tection of the substances studied.
As differentiating reagents the Lie-
bermann’s reagent and the Man-
delin’s reagent in modification con-
sisting in sequential treatment of
the sample by the Mandelin’s re-
agent and formaldehyde vapours
were suggested (Table 1). Using
a particular set of additional chro-
mogenic reagents (Table 2) it was
proposed to use four reagents, and
it was sufficient for reliable iden-
tification of toxic substances ac-
cording to the TIAFT recommen-
dations [7] for the final stage of
visualization. The degree of milna-
cipran elution with methanol from
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Table 3
The Rf values of antidepressants in TLC-screening systems
Mobile phase (N,)
Antidepressant 1 3 4
Merk Sorbfil Merk Sorbfil Merk Sorbfil Merk Sorbfil

Milnacipran 0.31 0.53 0.28 0.37 0.05 0.09 0.42 0.47
Venlafaxine 0.84 0.90 0.65 0.66 0.57 0.70 0.71 0.92
Amitriptyline 0.91 0.92 0.51 0.61 0.88 0.85 0.67 0.92
Fluoxetine 0.90 0.95 0.78 0.72 0.30 0.28 0.40 0.92
Sertraline 0.54 0.90 0.67 0.68 0.64 0.88 0.75 0.71

Table 4

The results of HPLC determination of milnacipran isolated from the liver with chloroform
followed by purification in the n-hexane-acetonitrile system

Amount of Amount of Metrological characteristics
milnacipran added to milnacipran AX
5 g of the liver, pug extracted (X, %) S Sr (P=0.95%, v=4) €, %
500 47 3.8 1.7 5 10

the chromatographic plates was
97.8+1.0%.

Identification of milnacipran
in the eluates by HPLC was car-
ried out by the retention time and
the absorbance ratios (R=S,/S,,,),
they were 17.00£0.06 min (n=5,
RSD=0.15%, €=0.37%) and 0.811+
+0.007; 0.291+0.004; 0.030£0.002;
0.012+0.002; 0.014+0.002; 0.0021+
+0.0002; 0.0014+0.0003, respec-
tively. Quantitative determination
was performed using the calibra-
tion curve of the dependence of
the peak area on the concentra-
tion at the wavelength of 262 nm.
After verifying the significance of
the intercept in the linear regres-
sion equation it was concluded
about the possibility of transition
to the equation in the form of:
Y=5.14-10°X (Table 4). The me-
thod showed linearity in the range
of 24.2-500 mg/mL. The LOD and

ik L=

LOQ values were calculated based
on the parameters of the calibra-
tion curve; they were 8.0 pg/ml
and 24.2 ug/ml, respectively. Accu-
racy and precision of the method
developed were 101.8 % (RSD=
=1.4%) at the low concentration
level, 100.8% and 100.5% (RSD=
=1.0%) at the middle and high con-
centration levels, respectively. There-
fore, they satisfy the requirements
for the methods used in forensic
toxicology [11].

The method of milnacipran iso-
lation with chloroform was quite
efficient and allowed isolating
47+5% of the antidepressant stu-
died (Table 4). The results obtai-
ned can be used in forensic toxi-
cology for diagnosing milnacipran
poisonings.

CONCLUSIONS

1. The method of milnacipran
isolation with chloroform from the
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AHAJIITUYHA JIATHOCTUKA OTPYEHb MIVTHALLUITIPAHOM
C.B.Baiwpka, C.A.KapnywuHa, B.IL.Mopo3
HayioHnaavHull ghapmayeemuyHuii yHigepcumem

Karouosi ca108a: XimMiKO-mOKCUK0/1021YHUT aHA13; MIIHAYUNPAH; 1301108aHHS 3 6i0102iuH020 Mamepiaay; TIIX-ckpuHiHe;
gucokoegpekmugHa piduHHa xpomamozpagis

Po3po6sieHo MemoduKy i304108aHHS MIAHAYUNPAHY X/10POPHOPMOM i3 3HEB0OHEH020 6io/1021YH020 MamepiaJy 3 Hacmyn-
HOI eKCmpaKyitiHow 04UCMKO0 3a 0NOMO2010 CUCMeMU PO3HUHHUKI8 H-2eKCaH — ayemoHimpuJ, sika 0o3804uaa euoi-
aumu 47+5% anmudenpecanma. Pospo6aeno memoduky TIIX-ckpuHinay psady anmudenpecaHmie 3 BUKOPUCMAHHAM Y0-
Mupbox pyxoMux ¢has 3 HU3bKOI0 Kopeasiyiero ma nocaido8HOK cxeMolo 8izyanizayii 3a donomozoto Ha6opy XpOMO2eHHUX
peaxkmusie, sika 003801514 po30LAUMU MiAHAYUNPAH, 8eHAAPAKCUH, aMimpunmuiin, h1yokcemuH ma cepmpani. Ak dugepenyi-
10104l peazeHmu HAMU 3aNPONOHOBAHO BUKOpUCMAHHS peakmugy Jlibepmana ma peakmugy Mandeaina y modugpikauii,
sIKa noJisieana y nocaidosHitl 06po6yi npobu peakmugom MaHdesaina ma naporo gpopmanvdezidy. Po3apob.aeHi memoduku
idenmudgpikayii ma KibKicHO20 8USHAYEHHS MIAHAYUNPAHY 8 6ios02TyHOMY Mamepiasi nicasa TILIX-ouucmku memodom
BEPX 3 mynemuxsuavogum Y®P-cnekmpogomomempuyHum demekmysaHHsaM. KanibpysanvHutl epaix 3asexcHocmi nao-
wi niky 8id koHyeHmpayii onucysascs pigHsiHusaMm: Y=5,14-10"°X; dianazoH ainitinocmi - 24,2-500 mxe/ma; LOD ma LOQ
cmanosuu, 8ionogidHo, 8,0 ma 24,2 mke/ma (npu 262 Hm). Ompumai peaysemamu Moxyms 6ymu UKOPUCMAHI 8
cydosill mokcukoso2ii daa aHaaimu4Hoi diaeHocCmuKu ompyeHsb MiAHAYUNPAHOM.

AHAJIMTUYECKAS IMATHOCTHUKA OTPABJEHUA MUJIHALJUTIPAHOM
C.B.bawpka, C.A.KapnywuHna, B.IL.Mopo3
HayuoHaavHb1il hapmayesemuueckuii yHueepcumem

Karouesbie c108a: XUMUKO-MOKCUKO102UMeCKULl AHAIU3; MUAHAYUNPAH; U30AUPOBAHUE U3 6U0/102U1ECKO20 Mamepuald;
TCX-ckpuHuHe; 8bIcOK0IppexkmuaHas jcudkocmuasi xpomamozpagusi

Paspabomara memooduka u304upo8aHus MUIHAYUNPAHA XA0POHOPMOM U3 06e380X4CEHHO20 6UOA02UHECKO20 Mamepuand
c nocsedyroujetl IKCMpakyuoHHOU 04UCMKOL C NOMOUbIO CUCMeMbl pacmeopume.eli H-2eKcaH-ayemoHumpu, komopas
nosso.una evideaums 47+5% anmudenpeccanma. Paspabomana memoduka TCX-ckpuHuHea psida aHmuodenpeccaHmos ¢
UCNO0/1b308aHUEM Yemblpex HU3KOKOPPeAUPYHUWUX NOOBUNCHBIX a3 U N0C.1e008aMeAbHOU CXeMbl 8U3YaAU3AYUU C NOMO-
Wbl0 HA6OPA XPOMO2EHHbIX PEAKMuU808, Komopasl N03601U1a pa3deaums MUAHAYUNPAH, BeHAAPAKCUH, AMUMPUNMUAUH,
@yokcemuH u cepmpanuH. B kauecmese duepeHyupyrowux peazeHmos Hamu Npeos10#eHo UCNO0.16308aHUE peakmued
JlubepmaHa u peakmusa MaHdeauHa 8 Modugukayuu, Komopas 3aKA104a1ack 8 noc1edosamebHOU 06pabomke npobwl
peakmugom MaHdesuHa u napamu popmaabdezuda. Pazpabomansl Memoouku udeHmug@ukayuu U KOAUYECME8EHHO20
onpedesieHUs1 MUAHAYUNPAHA 8 6uo102udeckom mamepuase nocae TCX-ouucmku memodom BIXKX ¢ myabmusoHosbIM
Y®-cnekmpogomomempuueckum demekmuposaruem. Kaaubposounwlil epaguk 3agucumocmu naowadu nukda om KoH-
yeHmpayuu onucwleascs ypasieruem Y=5,14-10°X; duanason auneiinocmu - 24,2-500 mxz/ma; LOD u LOQ cocmaeasiiu,
coomeemcmeeHHo, 8,0 u 24,2 mke/ma (npu 262 Hm). [lonyyeHHble pe3y1bmamal Mo2ym 6blmb UCNO.16308aHbL 8 CYOe6HOU
MOKCUKO0/102UU 0151 aHa1umu4eckol duazHocmuKu ompag/aeHuti MUAHaAYunpaHoM.
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MMPABWJIA NIATOTOBKH MATEPIAJIIB 10 IYBJIKALII
B X KYPHAJII “K/IIHIYHA ®APMALIA”

1. Jlo po3risiiy npuiMaroThCs CTaTTI, AKi He 6y ony6J1ikoBaHi
paHile Ta Ti, IKi He 3HAXOAATHCS HA PO3WIAAIL 10 My6Jtikauii B iHITMX
BHU/IaBHUIITBAX.

2. BignoBifanbHICTh 32 ;OCTOBIPHICTh Ta OpUTiHAJIBHICTb MaTe-
piasiB HeCyTb aBTOpH.

3. /lo po3misaay NpUUMalOTbCA OPUTiHa/IbHI Ta iHLII BUAU cTaTel
(o 6 cTopiHOK), MpHUCBsIYEH] Tpo6/1eMaM KJiHiYHOI papmauil. [lepeBara
B 0My6.1iKyBaHHI HA/IAETHCS CTATTAM 3 KJIiHIYHOI papmakoJiorii, papma-
LleBTUYHOI onlikyY, papMaKoeKOHOMIKH, 1a60paTOPHOI J1iarHOCTUKHU
Ta 6iopapmMalleBTHYHUX JOCTiKeHb. CTOPIHKH )KypHAJIy Ha/JaloThCs
TAaK0X MaTepiasaM 3 KJIIHIYHOI TOKCUKOJIOTII, eKCrlepuMeHTaJlbHOI
dapmaxkoutorii, no6iynoi Ail 1ikiB Ta dapmakoTepanmii.

4. Texct ctaTTi ApyKyeTbCs KerseM Ne14 yepes 1,5 iHTepBanu
Ha apkyui ¢opmaty A4 (LrpuHA NoJiB: 3J1iBa - 3 cM, cpaBa - 1 cM,
3BepXy Ta 3HU3Y — 10 2 CM) i TOYMHAETHCA 3 TAKUX JJaHUX: Ha3BH CTaT-
Ti, iHiniasiB Ta nMpisBuL Beix aBTOpPIB, HA3BU opraHisauil, y AKHUX BU-
KOHaHa po60Ta, nepeJsiiky KJH40BUX CJIiB (IIOHATb) Y KiJIbKOCTI 4-6.

5. ABTOpY NOBUHHI JOTPUMYBATHUCh 3arajbHOrO IJIaHy N06Y/0-
BM CTaTTi:

5.1. Bctyn. MicTUTB KOPOTKUH OIJIsA paHille HaZipyKOBAaHUX PO-
6iT y Joc/imKyBaHil raaysi, 3a3Ha4aeThbCsl aKTYa IbHICTb TEMAaTHKH.

5.2. MeTa po6oTH.

5.3. Marepianu ta Metoau (IlanieHTH Ta MeToAH).

5.4. Pe3ynbTaTH Ta iX 06roBopeHHs. MicTATDb pe3y/bTaTH JOCITi-
JIKeHb, 3p06JIEHUX aBTOPOM.

5.5. BucHoBKku.

5.6. [lepesiik BUKOpPHCTAHOI JliTEPaTypPHU.

6. CTaTTA CyPOBO/KYETHCA TPbOMA pedepaTaMu yKPAiHCBKOIO,
pOCiHCbKOI0 Ta aHIVIIMCbKOI0 MOBAMHU Y BUIVISIA] PO3IIMpPEHOi aHOTa-
nii o6csirom 200-220 cniB. PedepaTtu noBunHi MictutH infexc YK,
Ha3By CTaTTi, iHilliayK Ta npi3BHILa BCiX aBTOpPiB, HA3BY YCTAHOB(-H).
Pe3toMe MOBMHHO GyTH CTPYKTypOBaHe 3Ti/{HO 3 3araJIbHUM IJIaHOM
Mo6yA0BY CTATTI 3 BUJiIEHHAM BiANOBIAHUX PO3AiiB.

OckinbKu pedepaTy BUKOHYHOTh QYHKIIiI0 HE3a/IEXKHOTO Biji cTaT-
Ti [pkepesia iHdopmanii, BOHU MalTh 6yTH iHGopMaTUBHUMMU (He Mi-
CTHUTH JIMILE 3arajibHi $pasu), 3MiCTOBHUMH, CTPYKTYPOBAaHUMH (I10-
BTOPIOBATH JIOTIKY OIKCY Pe3yJIbTATIB ¥ CTATTI), IJAKOHIYHUMH 1 4iT-
KMMH 3 NepeKOHJUBUMU GopMyTtoBaHHAMU. PedepaT aHrnilicbKoI0
MOBOO Ma€ O6yTH OpUTiHaJbHUM (He 6yTH KaJbKOI YKpaiHo- a60 po-
CificbKOMOBHOTO BapiaHTy).

7. ABTOpM OZJHOYACHO HaZAl0Th /10 pe/laKilii aHIJIOMOBHHMH TEKCT
cTaTTi /151 po3MilleHHs Ha caiti HPay (BignoBigaibHiCcTh 32 AKiCTh
BUKJIaJleHHs] MaTepiaJliB aHIIiHCbKOI0 MOBOIO HECYTb aBTOPH).

8. ®opMys1 CrosIyK NOAAITHCS OKpeMUMH daiiaMu y popmari
Corel Draw 13; giarpamu Ta pucyHku - y popmati Excel a6o Corel Draw 13;
PHUCYHKH y BU/IAL] poTorpadii MoxKyThb GyTH NpescTaBeH] dpaiiaMu
TIFF 300-600dpi Gray Scale (256 rpagauii ciporo). lllupuna rpadiu-
HOro MaTepiajy moBUHHA 6yTH po3Mmipom 5,5 cM, 11,5 cMm a6o 17,4 cMm.

9.V cTaTTAX NOBUHHA BUKOPUCTOBYBATUCh cHUcTeMa oAMHULb Cl.

10. PucyHKH Ta NiANUCH ;0 HUX BUKOHYIOTBCS OKPEMO OJIMH BiJi 0/1-
HOT0; MiZIMKCH J10 BCIX PUCYHKIB CTATTi N0AAI0THCSI HA OKPEMOMY apKy-
wii. Ha 3BopoTHOMY 601ji KO>)KHOTO PUCYHKA IIPOCTHUM 0JIiBLIEM BKa3y-
€TbCs1 HOr0 HOMep Ta Ha3Ba CTATTi, a B pa3i He06XiJHOCTI — Bepx i HU3.

11. Ta6sinyi MoBUHHI 6yTH HaAPYKOBaHI Ha OKPEMHUX apKyIlax i
MaTH HyMepalito i 3arosioBky. Ha nosisix pykonucy Heo6xi/{HO BKa3a-
TH Miclle po3MillleHHS PUCYHKIB i Tabuub. [Hpopmalis, HaBeJeHa y
TabIMLAX | HA PUCYHKAX, He TIOBUHHA JIy0JII0BAaTHCH.

12. Ciucok JiiTepaTypy NOAAETHCA Y ABOX NPUMIPHHUKAX /IS KOX-
HOI'0 eK3eMIIfApa CTaTTi, AKi J]PyKyIOTbCS OKPeMO OJIMH Bifi OAHOTO.
[Nepunii npuMipHUK odopmiseTbes BianosigHo fo JICTY 'OCT 7.1:2006
«Cucrema cTanjapTiB 3 iHdopMarii, 6i61i0TeqHOi Ta BUJABHUYOI CIIPABH.
Bi6riorpadiunuii 3anuc. bi6aiorpadiyHuii onuc. 3arajbHi BUMOTH
Ta NpaBUJIA CKJIaJaHHs» (OH-JIalH 0pOPMIIEHHS CIUCKY JiTepaTypHu:
http://vak.in.ua/do.php). ipyruii - noBHiCTIO MOBTOPIOE NEPIINH, aje
JlaTHHULEl0 (OH-IalH TpaHciTepauis — http://www.nbuv.gov.ua/sites/
default/files/all_files/201310_artilces field dopmat files/recomend_rus.pdf).

12.1. [lepetik siTepaTypu MOBUHEH MicTUTH Ny6JiiKaLii 3a ocTaH-
Hi 10 pokiB. Binbu paHHi my6sikanii JonycKaroThCs JIMIIE B 0COGJIU-
BMX BUIIaJIKax.

12.2. B opuriHasbHUX po60OTax LUTYIOTh He Ginblie 15 nparp, a
B orsigax — go 50.

12.3. lo nepestiky JliTepaTypy He BKJIIOYAIOThCS POGOTH, AKi Le
He Gy/IM Ha/[PyKOBaHi.

12.4. Tlepeiik JiiTepaTypu JpyKy€ETbCA HAa OKPEMOMY apKyIui.

12.5. Y pykomnucy BiJICHJIKM Ha JliTepaTypy JAlOThCS Y KBaJpaT-
HUX Jy>KKaxX 3TiJHO 31 CIUCKOM JIiTepaTypH.

12.6. Hymepauis mxxepeJ y nepeJiiky JiTepaTypH 3iHCHIOETbCA
3TiZiHO 3 NOPAZKOM IIOCUJIaHb Ha Hel Yy TeKCTi CTaTTi.

12.7. k110 HABOAATHCSA POGOTH JIMILIE OHOT'0 AaBTOPA, BOHU PO3-
MIILYIOTbCS B XPOHOJIOTYHOMY MOPSAKY CTOCOBHO JIaTH iX My6JtiKalii.

12.8. Ha Ko>xHY po6OTY y nepesliKy JiTepaTypy MOBUHHA GYTH
3po6JieHa BiZicHIKa B TEKCTi PyKOIIHCY.

13. Yci MaTepianu noJarTbCA A0 pejakiii Ha eJIeKTPOHHOMY
(y dopmaTi MS Word) Ta nanepoBoMy Hocii (Ba ekseMIisipu) i cy-
IPOBO/KYIOTHCSAl €KCIIEPTHUM BUCHOBKOM, IKMH JI03BOJISIE BIJKPUTY
ny6.rikawjio. Jpyrui eK3eMIuIsp CTaTTi 060B’I3KOBO MiANHCYETHCS BCi-
Ma aBTOpaMH.

14. ABTOpPHU CTaTeH, MoAaHUX 10 peAaKuii s ny6ikanii B :Kyp-
HaJli, CBOiMH 0COGHUCTUMH MiANMKMCaMU Ha IPUMIpHUKAX PYKOIMHUCIB cTa-
Tel 3aCBiYyI0Th:

e 3roJly Ha BeJleHHS peJlaKIliero 06J1iKy HEOOXiJHUX [/t 00pPOOKHU
craTed ocobucTux fanux aBTopi (I1IB, yyeHe 3BaHHS, yyeHUM
CTyHiHBb, N0CaZa Ta Micle po6oTH, aZpeca A/ JUCTyBaHHs, poO-
60uuii TesepOH, eJIEKTPOHHA I0LITA) 3 METOI0 3a6e3NeyeHHs Bifi-
HOCHH y cdepi npaBa iHTeIeKTyabHOI BJIaCHOCTI, B TOMY YHCJIi
aBTOPCbKOTO NpaBa;

. J103BiJ1 Ha y6utikarito oco6uctux AaHux apropis (I11B, yueHe 3BaH-
Hsl, y9€HUH CTYHiHb, Miclie PO60TH, po60urii TesiepOH, eleKTPOHHA
nouTa) B XKypHaJli pa3oM 3i cTaTTelo;

. 3ro/ly Ha ONPUJIIOJHEHHS MOBHOI eJIeKTPOHHOI Bepcii crarTi (a6o
pedeparis cTaTTi) Ha caliTax HauioHasbHOro papmManeBTUYHOTO
yHiBepcuTeTy, HaujioHasnbHoi 6i6stioTeku Ykpainu imM. B1BepHazach-
KOTO Ta iHIIMX MOPTasax HAyKOBOI NepioJUKH 3 060B’A3KOBUM
3a3HaYeHHsM Ta 36epekeHHsIM 0COOUCTUX HeMalHHOBUX aBTOP-
CbKHX IIPaB.

15. CTaTTs CynpoBOKY€ETHCS HAallpaBJeHHSIM BiJi opraHisauii, B
AKil BUKOHaHa po60Ta, Ha iM’sl TOJIOBHOTO peflakTopa.

16. lo cTaTTi HA OKPeMOMYy apKylli J0al0Thcs (YKpaiHCbKOIO
Ta aHIVIINCbKO MOBAaMHM) BiJJOMOCTI PO aBTOPIB, sIKi MiCTATb: yueHe
3BaHH$, YYeHUH CTyNiHb; Npi3Bullle, iM’'s Ta 10 6aTbKOBI (MOBHICTIO);
Micre po6oTH Ta nocaAy, Ky obiliMae aBTop; afipecy JJis JUCTYBaH-
Hf, HoMepH TestedoHiB i paxcis, E-mail.

17. ABTOpU NOBUHHI 3apeecTpyBaTUCs Ha caiTi xkypHaiy (http://
cphj.nuph.edu.ua) Ta 34iCHUTH NOAHHS CTATTi TAKOXK Yepes CalT.

18. ABTOpM NOBUHHI yKJIaCTH «ABTOPCbKUH ZIOTOBIp Mo nepejayy
HEeBUKJ/IIOYHMX MallHOBUX IIpaB Ha HAYKOBY CTAaTTIO» Ta Ha/JaTH B OPMTi-
HaJIbHOMY BapiaHTi 3 mijjnucamu Bcix aBropis (http://cphj.nuph.edu.ua/
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