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PECULARITIES OF CELLULAR AND HUMORAL NONSPECIFIC
IMMUNOLOGICAL REACTIVITY IN PATIENTS WITH SEVERE
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The study is devoted to regularities in changes of parameters of cellular and humoral non-specific immunologic reactivity
in patients with severe chronic heart failure appeared on the background of ischemic heart disease before and after the
standard therapy. The pathophysiological, cytological, biochemical, inmunoenzymatic and statistical methods have been
used. It has been found that in severe chronic heart failure on the background of ischemic heart disease under conditions of
increasing circulatory hypoxia the formation of the secondary immune deficiency occurs; it leads to decrease in the phago-
cytic function of blood polymorphonuclear leucocytes (the phagocytic number in 30 minutes and the phagocytic index in
30 and 120 minutes of incubation as compared to the control before and after treatment). It has been also noted the in-
crease in production of TNF-a (tumour necrosis factor) compared to patients with ischemic heart disease without chronic
heart failure; it is the result of non-specific activation of its main producers - monocytes-macrophages - in the blood and
tissues due to the microcirculation disorders. After the standard therapy an increased level of TNF-a remains in the group
under research, and increase in the concentration of C-reactive protein is also noted. The data obtained indicate about
disorder of the cellular and humoral non-specific immunologic reactivity in severe chronic heart failure on the background
of ischemic heart disease compared to those of the control group and insufficient management and augmentation of the

pathological process severity in the standard therapy, and as a result it requires additional pharmacological correction.

hronic heart failure (CHF)

is one of the common cli-

nical syndromes developing as a
result of ischemia, hemodynamic
overload and other effects on the
heart [1, 3,10, 11]. It is a complex
of the circulatory and metabolic
reactions due to systolic or/and
diastolic cardiac dysfunction and
is accompanied by development
of the secondary immune defici-
ency that may be manifested by
disorder of all parts of immunity
and as a result, by decrease of the
body’s immunological reactivity
determining the future progres-
sion and prognosis of CHF [5, 9-
11]. In 70% of the patients the
main cause of CHF development
is coronary heart disease (CHD).
The aim of the work is to find
regularities of shifts for indicators
of non-specific cellular and humo-
ral immune reactivity in patients
with severe CHE appeared on the

background of CHD before and af-
ter the standard therapy.

Materials and Methods

The observation involved 18 pe-
ople aged from 45 to 65. Among
them 9 persons (control, CHD with-
out CHF) were patients with the
following diagnosis: CHD, stable
effortangina, I functional class (FC)
without heart failure, i.e. the usu-
al physical activity in this group
did not trigger apnea, chest pain,
palpitations. Nine persons under
observation (group of CHD with
CHF) - with the following diag-
nosis: CHD, III FC (apnea, palpi-
tations, chest pain appeared with
the low physical activity), CHD I B
stage (congestions caused by deep
hemodynamic disorders). In de-
termining FC of effort angina the
criteria of the New York Heart As-
sociation (NYHA) were used, the
diagnosis was established on the

M.O.Klimenko — Doctor of Medicine, professor, head of the Department of Topographic
Anatomy and Physiopathology of the Kharkov Medical Academy of Postgraduate

Education

0.0.Pavlova — Doctor of Medicine, associate professor of the Physiopathology
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basis of complaints, anamnesis, ob-
jective inspection, 6-minute walk
test.

The research of the immune
status was performed twice: be-
fore and after 10 days of treat-
ment. The blood sampling was con-
ducted from the cubital vein in the
morning on an empty stomach.
The hemolytic complement acti-
vity was determined by the me-
thod of L.S. Reznikov [4]. The neut-
rophil phagocytic rate (NPR) of
the peripheral blood was determi-
ned by the standardized method
of V.V.Menshikov [4, 5] using the
microbial testing culture (Staphy-
lococcus aureus, strain 9198) by
the amount of opsonized and di-
gested intracellular particles of
the testing culture. The phagocy-
tic number (PN), phagocytic in-
dex (PI) and neutrophil bacteri-
cidal index (NBI) were also deter-
mined by the standardized method
of V.V. Menshikov [4]. The quanti-
tative content of cytokines (TNF-q,
IL-1, IL-4, IL-6) and C-reactive pro-
tein (CRP) was examined by ELISA
using kits of reagents by “Protein
contour” firm (St. Petersburg).
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Statistical analysis of the data Table 1
;vjsrgifzggzig%?ﬁ cl)\;[;rrllg\/\r/ltlc; Phagocytes indexes and complement activity in patients
rar}:k test with the help of th%a pa- with severe chronic heart failure (M (m), n = 18)
ckage STATISTICA v.6.0 (StatSoft, CHD without| CHD with |CHD without| CHD with
Inc® company) [2, 9]. Index CHF before | CHF before | CHF after | CHF after
. . Phagocytic 7.82 6.00 7.55 6.67
In patients with CHF and CHD
beforel?creatment a significant de- number (30) (0.35) 062)* (0.31) 047)
: ; ; Phagocytic 7.73 7.33 7.36 6.78
crease of PN in 30 minutes of in- gocy
cubation and PIin 30 and 120 mi- number (120) (0.75) (0.73) (0.41) (0.52)
nutes of incubation was found com- Phagogytic number 1.06 0.81 1.03 0.99
pared to the control by 1.3, 1.23 coefficient (PNC) (0.12) (0.06) (0.04) (0.05)*
and 1.1 times, respectively (p<0.05 Phagocytic 43.36 3533 46.09 40.00
in all cases). The rest parameters of index (30) (2.77) (2.09)" (2.25) (0.52)"
phagocytes, as well as the comple- !Dhagocytic 46.64 42.44 50.64 47.56
ment activity did not significantly index (120) (1.00 (1.04)" (1.91) (1.69)*
differ from the control (Table 1). NBI 31.27 36.11 39.36 41.1 1#
After treatment PI in 30 and (1.75) (1.66) (1.41) (0.76)
120 minutes of incubation incre- Complement 45,72 46.77 50.65 54.60#
ased Slgnlflcantly by 1.13and 1.12 act|V|ty, titer/ml (378) (225) (307) (225)

times compared to the baseline
(p<0.05 in both cases). At the same
time it did not significantly differ
from the control.

PNC, NBI and the complement
activity also increased by 1.22,1.14
and 1.17 times compared to the
baseline (p<0.05 in all cases). At
the same time these parameters
did not significantly differ from
the control.

The data obtained show de-
crease in the protective function
of polymophonuclear leukocytes
before treatment, i.e. disorder of
the cellular non-specific immuno-
logic reactivity in patients with CHD
and CHF compared to patients with
CHD without CHF. The standard
therapy leads to increase in the
phagocytic activity and the com-
plement activity compared to the
baseline, and at the same time they
did not significantly differ from
the control.

When studying the cytokines
concentration in the blood of pa-
tients with severe CHF before tre-
atment a significant increase in
TNF-a by 2.5 times compared to
the control was found. The con-
tent of IL-1j3, IL-4 and IL-6 had only
a tendency to increase by 1.27,
1.42 and 1.15 times, respectively.

After treatment the TNF-a le-
vel significantly decreased by 1.68

Note: * - p<0.05, ** - p<0.01 - significant difference with the control,
#- p<0.05 - significant difference with the data of the same group before treatment.

times in relation to the baseline
(p<0.05), but it remained 1.5 ti-
mes more than the control (p<0.01).
The concentration of other cyto-
kines tested did not have signifi-
cant changes.

Increase in the concentration
of TNF-qa in the blood is probably
the result of non-specific activa-
tion of the main producers - mo-
nocytes-macrophages in the blood

and tissues due to circulation dis-
orders. The standard therapy led
to improvement of the circulation,
however, as is obvious, did not com-
pletely eliminate these disorders.
The level of CRP before treat-
ment was little different from the
control and after treatment it sig-
nificantly increased compared to
the control (1.2 times, p<0.05).
This may indicate about more ac-

Table 2

The content of cytokines and C-reactive protein
in the blood serum of patents with severe chronic
heart failure (M (m), n = 18)

CHD without| CHD with |CHD without| CHD with

Index CHF before | CHF before | CHF after CHF after

treatment treatment treatment treatment
54.50 117.62 46.62 69.94

TNF-a, pkg/ml (8.36) (18.42)** 4.11) (6.45)**#
50.40 63.90 41.04 62.38
IL-1p, pkg/ml (16.99) (13.61) (14.91) (12.72)
L6, pka/ml 52.54 74.36 5436 71.06
, pkg (11.05) (12.13) (8.55) (5.85)
4. pka/ml 38.64 4448 30.88 49.58
, pkg (3.50) (7.89) (4.55) (10.51)

7.45 7.93 6.95 8.35

CRP, mg/| (0.62) (0.43) (0.63) (0.19)*

Note: * - p<0.05, ** - p<0.01 - significant difference with the control,
#— p<0.05 - significant difference with the data of the same group before treatment.
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tive process of damage in patients
with severe CHF compared to CHD
without CHF despite the therapy
conducted (Table 2).

There is an idea that the high-
er the CRP level is, the more ex-
pressed coronary stenosis is, and
the activation of TNF-o in patients
with severe CHF is a marker for
progression of the main disease
involving new components in the
pathogenesis, including the immu-
ne system. It requires a special
pharmacotherapeutic patient sur-
veillance [6, 8, 11].

CONCLUSIONS

1. Severe CHF on the backgro-
und of CHD is accompanied by de-
crease of protective function of po-
lymorphnonuclear lymphocytes of
the peripheral blood compared to
CHD without CHF. The standard
therapy leads to increase of the
phagocytic activity, as well as the
complement activity compared to
the baseline, and they do not sig-
nificantly differ from those in CHD
without CHF.

2. In CHF on the background
of CHD the increased content of

TNF-a in the blood compared to
CHD without CHF is detected be-
fore and after treatment. In the last
case the increase in the concen-
tration of CRP is also observed.

3. The data obtained indicate
about disorder of the cellular and
humoral non-specific immunolo-
gic reactivity in CHF compared to
CHD without CHE insufficient ma-
nagement and augmentation of
the pathological process severi-
ty in the standard therapy, and
as a result it requires additional
therapy.
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OCOBJIMBOCTI KJIITUHHOI I TYYMOPAJIbHOT HECITELIU®TYHOI IMYHOJIOTTYHOI PEAKTUBHOCTI Y XBOPUX
3 XPOHIYHOIO CEPIHEBOIO HEJOCTATHICTIO BAXKKOI'O CTYIIEHA

M.O.Kaumenko, 0.0.Ilas108a*
Xapkiecoka meduyHa akademis nicaadunaomuoi oceimu, Xapkiecvkull HayioHaasHUll MeduuHuii yHieepcumem*

Karouosi cnosa: iwemivHa xeopoba cepysi; XpoHivuHa cepyesa Hedocmamuicmy,; hazoyumos; KomMnaemMeHm,; YUmokiHu;
C-peakmugHuti 6i10K

Po6oma npucesiueHa 8us4eHH0 3aKOHOMIPHOCMEL 3Cy8Y NOKA3HUKI8 HecneyuiuHoi KaimuHHoi [ 2yMopaibHOi iMyHO/10-
2iuHOi peakmugHoCmi y X80puX HA XPOHIYHY cepyesy HedOCMAMHICMb 8AHCKO20 CMyNeHsl, IKd GUHUKAA HA mAi iwemiy-
Hoi xgopobu cepysi, 0o ma nicas 3azaibHonpuliHsimoi mepanii. B po6omi sukopucmani namogiziosoziuri, yumos102ivHi,
6ioximiyHI, iIMyHOPepMeHmHI, cmamucmuy4Hi memodu docaidxiceHHs. BcmaHoseHo, wo npu XpoHiuHill cepyesiii Hedo-
cmamHocmi 8axCK020 cmyneHsl, Ika 6UHUK/A HA MJi iweMiyHoi X8opobu cepysi, 8 yM0OBAX HAPOCMAO40i YUpKyassmop-
Hofi 2inokcii 8id6ysaemubcst hopMyeaHHss 8MOpuHHOI iMyHo102iYHOT HedocmamHocmi, ika Npu38oodumMs 00 3HUNCEHHS
dazoyumapHoi gyHkyii nonimopgHosadepHux netikoyumie kposi (¢pazoyumapHozo vucaa vepes 30 i pazoyumapHozo
iHdekcy uepes3 30 i 120 xguauH iHKy6ayii 8 nopigHsiHHI 3 KOHMpoJeM 00 i nicas AIKy8aHHs1), ma 3pOCmaHHs npodyKyii
¢axkmopa Hekposy nyxauH-a (PHII-a) nopisHsHO 3 MaKum y xeopux 3 iwemiuHo0 X80po6oto cepys 6e3 s8uuy XpoHiuHOT
HedocmamHocmi kpogoobizy, Wo € pe3ys1bmamoM HecheyudiyHoi akmusayii ocHo8HUX [l020 npodyyeHmie — MOHOYUMIig-
Maxkpogazie y Kposi i mKaHUHax eHacaidok po3daadie mikpoyupkyaayii. I[licas cmaHdapmuoeo AiKysaHHs 36epicacmucst
nideuwjeHutl pieenv QHII-a, 8i03HaUaembcsi makoxc 36i1bweHHs KoHYyeHmpayii C-peakmugHozo 6inka. Ompumai daHi
cgiduamb npo nopyweHHs KAIMUHHOI ma aymopaabHoi HecneyugdiuHoi iMyHo10214HOT peakmugHOoCmi npu XpOHIYHIU
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cepyesiti HedocmamHoCcmi 8aX*CK020 CMyneHs, Wo 8UHUKAA HA mJi iweMiuHOl Xeopobu cepysi 8 NOpi@HAHHI 3 MAKUMU
KOHmMpoibHoi epynu, i HedocmamHboMy enausi cmaHdapmHoi mepanii Ha po3gumok, nepebiz i npo2pecy8aHHs namo.o-
2iuH020 npoyecy, wo sumazae 0odamkogoi papmako102iuHOi Kopekyii.

OCOBEHHOCTH KJIETOYHOM ¥ TYMOPA/IbHOM HECHEIM®UYECKOH MMMYHO/IOTMYECKOH PEAKTUBHOCTH
Y BOJIbHBIX C XPOHUYECKO¥M CEPAEYHOM HEJJOCTATOYHOCTBIO TAKEJIOM CTENEHU

H.A.Kaumenko, E.A.Ilas108a*

Xapvkoeckasa meduyuHckas akademusi Noc/1e0Un/10MHO20 06pa3o8aHust, XapbkoecKkuii HAYUOHA1bHbIU MeOUYUHCKUT
YHusepcumem*

KiroueBble c10Ba: uwemuveckas 60/e3Hb cepdya; XpoHuYeckas cepdeyHass Hedocmamo4Hocmy, azoyumos; KoMnaeMeHm;
yumokuHbul; C-peakmusHblii 6e10k

Pa6oma nocssujeHa uzyueHuro 3akoHOMepHOcmell c08u208 nokasamesetl Hecneyu@duyeckoll KAemoyHol U 2yMopaabHOU
UMMYHO/102U4eCKOl peakmugHocmu y 601bHbIX € XpOHUYecKol cepdevHoll Hedocmamo4HOCMbi0 msixcen0l cmeneHu,
803HUKWell Ha poHe uwemuyeckoll 601e3HuU cepdya, do u nocae obwenpuHamoti mepanuu. B pa6ome ucno.308aHb!
namogu3suo102ueckue, Yyumo/102u4ecKkue, 6UoXuMu4eckue, UMMyHopepmMeHmHble, cmamucmuyeckue Memodsl UCCAe008aHUSL.
YemanoeneHo, umo npu xpoHuyeckoll cepdevHoli HedocmamoyHocmu msxceaoll cmeneHu, 603HUKWel Ha oHe uwemu-
yeckoll 601e3HU cepdya, 8 ycA08UsIX Hapocmaruwel YupKyAamopHol 2unokKcuu npoucxodum ¢opmMuposaHue 8mopuy-
HOU UMMYHO/102u4ecKoli HedocmamovyHocmu, Komopas npugodum K CHUdceHur gazoyumapHoli yHKyuu noaumopgh-
Hos10epHbIX /elikoyumos kposu (pazoyumapHozo vucaa yepes 30 u pazoyumapHozo uHdexca vyepes 30 u 120 munym
UHKY6ayuu no cpagHeHur ¢ KOHmMpoJem 0o U noc/e Jie4eHus), makxce ommeyaemcst yseauveHue npodykyuu akmopa
Hekpo3sa onyxoau-a (PHO-a) no cpasHeHUI ¢ MAKO8bIM Y 601bHbIX € UleMUYecKoll 601e3HbI0 cepdya 6e3 si81eHuUll XpoHU-
yeckoll HedocmamoyHoCmMu Kpo8oobpaweHusi, 4mo s18/5emcsi pe3yabmamoM Hecheyugdu1eckoll akmu8ayuu 0CHOBHbIX
€20 npodyyeHmos - MOHOYUMo8-Makpogdazos - 8 Kposu U MKaHsAX ecaedcmeue paccmpoticme Mukpoyupkyasyuu. Ilo-
c/1e CmaHoapmHo20 JieveHus 8 uccaedyeMotl 2pynne coxpansiemcst nogbluleHHbll yposens PHO-a, ommevaemcs makaice
yeesauueHue koHyeHmpayuu C-peakmugHozo 6eska. [loayveHHble OaHHblE CBUAEMeNbCM8YIom 0 HApYWeHUU KAemoYHOU
U 2yMopaibHol Hecheyu@duyeckoll UMMYHO102U4eckoll peakmugHOCMU Npu XPOHUYECKOU cepdevHoli HedocmamoyHo-
cmu msicen0tl cmeneHu, 803HUKWel Ha poHe uweMuyeckoll 601e3HU cepdya No CPABHEHUIO C MAKOBbIMU KOHMPOJAbHOU
2pynnbl, U HeAOCMAMO4YHOM 8AUSTHUU CMAHOapmMHOU mepanuu HA pazeumue, meyeHue U NpozpeccuposaHue namo102u-
uecKo2o npoyecca, Ymo mpefyem donosaHUMeAbHOU papMakos02u1eckoll Koppekyuu.
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PSYCHO-PHYSIOLOGICAL ASPECTS IN THE HUMAN-DOLPHIN
INTERACTION DURING THE DOLPHIN THERAPY COURSE

L.M.Lukina, K.K.Gorbachova

Research centre “State Oceanarium”

Key words: neuropsychiatry symptoms; dolphin therapy; therapeutic effects; mechanisms

More than 20 years the Research centre “State Oceanarium” has been the base of conducting research on using Black sea
Bottlenose dolphins for health state improvement in patients who suffer from psycho-neurological symptoms. The article
presents the results obtained in more than 8000 patients proving the therapeutic effect of dolphin therapy in children
with neuroses, autism, infantile cerebral paralysis and mental-speech retardation. Impressions during dolphin therapy
for a neurotic and accentuated personality, as well as emotions of their own success have remained in the memory for a
long time and changed their behaviour. It is the starting incentive which makes each patient with neurosis in his way to
recovery. In case of autism dolphins help a child to direct the existing behaviour habits and form the new ones. In cases
with infantile cerebral paralysis patients, dolphins are managed to impose motor stereotypes achieving the best method of
interaction for each individual patient. Dolphins are able to make little patients overcome their problems trying to restore
neural reflex links of the central nervous system with affected muscles during the 10-th day dolphin therapy course. Thus,
mobilization of the patient’s active behaviour during the period of disease, as well as shifting the attention from a painful
dominant on optimistically healing motivations are the important elements of dolphin therapy.

n recent years dolphins are

widely used for health state
improvement [2, 6, 7, 8, 9]. How-
ever, the absence of uniform me-
thodological procedures, discre-
pancies with regard to mechanisms
of the therapeutic effects of dol-
phin therapy procedures obser-
ved lead to falsification of infor-
mation and the loss of patients’
trust to dolphin therapy.

More than 20 years the Re-
search centre “State Oceanarium”
has been the base of conducting
research on using Black sea Bott-
lenose dolphins for health state
improvement in patients who suf-
fer from psycho-neurological sym-
ptoms. The results obtained in mo-
re than 8000 patients have proven
the therapeutic effect of dolphin
therapy in children with neuro-
ses, autism, infantile cerebral pa-
ralysis (ICP) and mental-speech
retardation (MSR), as well as in
adults with chronic fatigue syn-
drome (CFS) [5].

As aresult of various psycho-
physiological effects it has been
found in patients of different age
that the dynamics of changes in
the patient’s state during the pro-
cedures with dolphins depends not

only on the procedures regime and
the character of pathology, but al-
so on the relationships of the fun-
ctional systems in the patient’s or-
ganism formed to the time of im-
pact [4].

The main objects of therapeu-
tic and preventive effects involv-
ing dolphins are psychosomatic
factors in the pathogenesis of the
disease. The studies have shown
that the therapeutic effect begins
at the stage of forming the atti-
tudinal dominance in a patient who
is preparing for procedures of dol-
phin therapy [3]. The use of visual
material depicting dolphins, listen-
ing to cassette recordings with sig-
nals of dolphins help to stimula-
te the main mechanism that con-
trols the behaviour - motivation.
A direct contact with a dolphin has
a strong emotional impact on the
patient and creates a positive the-
rapeutic background, and the ef-
fect of physical factors of water
and dolphins, the need to control
and train the breathing while swim-
ming require mobilization of ef-
forts directed to overcome the di-
sease.

The analysis of dolphin thera-
py results among children with
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neurosis has shown that for this
nosological form of disease the pa-
thological forms of adaptation to
impacts based on impossibility of
satisfaction of needs under the high
motivation to realization of this
need and manifested as active and
passive reactions are characteris-
tic. Figure 1 presents the scheme
of therapeutic effects genesis of
the dolphin therapy procedures
among children with neurosis.

Dolphin therapy with the pre-
liminary psychotherapeutic stu-
dy setting a patient for recovery
makes a child (but now always
consciously) step forward into wa-
ter to a dolphin automatically ma-
king control over the movement
in water (swimming, talking with
a dolphin, communication with a
coach). During exercises the coach
with the help of encouragements
transfers the child automatic de-
liberate actions into the conscious
attitude at the first day and fixes
them during the next procedures.
Impressions of during dolphin the-
rapy for a neurotic and accentu-
ated personality, as well as emo-
tions of their own success have
remained in the memory for along
time and changed their behaviour.
It is the starting incentive which
makes each patient with neuro-
sis in his way to recovery.
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In the variant of the so-called
self stress (autism) the main task
of dolphin therapy is activation of
positive elements in the structure
of intentions and aims of the per-
sonality, shift in emphasis in the
attitude system to the side of ma-
ximum socialization, bringing up
the adequate reactions. The clini-
cal picture of the child autism syn-
drome is characterized by auto-
stimulation, field and ritual beha-
viour, autism, which significanly
reduce the communicative func-
tion of the child (Fig. 2).

Under dolphin therapy in such
children the games with dolphins
are always accompanied with psy-
choemotional excitation, attempts
to pronounce words, singing. Auto-
stimulation revealing as obsessi-
ve movements during communi-
cation with dolphins is repressed
by introduction of the new psy-
chophysical tasks (feeding of dol-
phins, playing with a ball, swim-
ming by himself and with the co-
ach), which cause the stress ten-
sion in the patient leading to more
successful replacement from bad ha-
bits to good ones. In case of autism
dolphins help a child to start to
know outward things and then on
this base manage the study and
behaviour, direct to the needed
way and form his new habbits and
knowledge.

During dolphin therapy in di-
seases with a marked psychoso-
matic constituent it is necessary
to estimate the margins of the me-
thod’s opportunities at different
stages of the pathology develop-
ment. In ICP transition from the
initial stage of disease to prolong-
ed and chronic forms is accom-
panied with psychophysiological
rebuilding of the patient, which
allow him to perform the main vi-
tal functions under the changed
condition of the existence. At this
stage itis necessary to understand
what is the expression of the real
anatomic physiological substrate
in the clinical picture of the disea-
se and what is connected with ac-
tivation of the psychical sphere. In
conditions when the patient per-
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Fig. 1. The scheme of therapeutic effects genesis of the dolphin therapy
procedures among children with neurosis

ceives inadequately disorders de-
veloped during his disease (the
so-called distorted sensitive image
of disease), it is very important
to impact on the psychophysiolo-
gical mechanisms of the anxiety
condition, hypohondriac fixations.
The correction of such violations
is successfully performed with the
help of psychotherapeutic actions
of patients with participation of
dolphins in this process.

By the schematic research of
the problem the condition about
blockade of signals from the CNS

to the locomotor system (see a
dotted line in Fig. 3) in children
with ICP can be taken. During the
dolphin therapy procedures the
coach forces the patient to coope-
rate with a dolphin stimulating
him to movement seeking com-
munication with the animal. Be-
sides, positive emotions and new
motivation appear in child; it le-
ads to active movement in water,
muscles contraction of the body,
limbs and regeneration of links
between periphery motoneurons
and the CNS.
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Fig. 2. The scheme of therapeutic effects genesis of the dolphin therapy
procedures among patients with diagnosis of autism
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Fig. 3. The scheme of therapeutic effects genesis of the dolphin therapy
procedures among patients with diagnosis of infantile cerebral

paralysis

In cases with infantile cerebral
paralysis patients, dolphins are ma-
naged to impose motor stereoty-
pes achieving the best method of
interaction for each individual pa-
tient. The dolphins are able to ma-
ke little patients overcome their
problems trying to restore neu-
ral reflex links of the central neu-
ral system with affected muscles
during the 10-th day dolphin the-
rapy course. Positive emotions from
communication with a dolphin help
parents to form a stable motiva-

AN =

tion to movement in their child
and exercises of hydrokinesothe-
rapy leading to saving of the giv-
en effects of dolphin therapy.
Application of dolphin thera-
py must be strictly regulated by
indications and contraindications.
Unreasonable extension of indi-
cations for this method, attempts
to treat all diseases with dolphins
lead to discrimination of the me-
thod, skeptic attitude of clinisists
and psychotherapeutist forward
it. A high efficiency of this method
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can be in the case when the psy-
choemotional sphere of the pati-
ents can be influenced with a dol-
phin increasing self-importance
both in self-esteem and in the opi-
nion of others.

In a number of cases attrac-
tion of the members of the pati-
ent’s family and his friends to dol-
phin therapy accelerates and fa-
cilitates to get the therapeutic ef-
fect. Besides, as L.S.Vygotsky stated
[1], for adaptation of a child with
the problems in development it is
important to take into count not only
disease itself, but also the oppor-
tunity of the social compensation.

Thus, mobilization of the pa-
tient’s active behaviour during the
period of disease, as well as shift-
ing the attention from a painful
dominant on optimistically heal-
ing motivations are the important
elements of dolphin therapy.
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MCUXOPI310IOTTYHI ACIEKTH B3AEMO/TI JIIOAUHU TA IEJIb®IHA Y IPOLEAYPAX AEJIb®IHOTEPAIIIL

JL.M./Iykina, K.K.I'op6a4oea

Haykoeo-docaidnuii yenmp «/lepycasHull okeaHapiym»

Katouosi caoea: ncuxonesposiozivii cumnmomu; deav@diHomepanisi; AiKy8aabHi efhekmu,; MexaHizmu

Y naykoeo-docaionomy yenmpi «/lepacasHuil okeanapiym» enpodogaic 6iavuie 20-mu pokie nposodsimbubcsi po6omu 3 8u-
BUEHHS MONCAUBOCMI BUKOPUCMAHHS YOPHOMOPCbKUX deab@iHie agasiH 015 8I0H0B81eHHS 300p08°s At0detl, SIKi cmpadic-
daromb Ha NCUXOHe8Po102iYHI 3aX80p08aHHs. Y cmammi HasedeHi daHi, ompumaHi Ha 6iabw Hixe 8000 nayienmis, wo
nidmeepaxcyoms J/iKysaavHi efpekmu npoyedyp deavgiHomepanii y dimeli i3 Hedpozamu, aymuzmom, QUMsIHUM yepe-
6paavHuM napanivem ([LI1) i s3ampumkoro ncuxomoeHozo pozsumky (3I1P). a5 nayienma Hesponama Ui ocobucmicHo
akyeHmyliosaHo2o nayieHma epaxceHHs 8i0 nepexcumozo 8 npoyedypax desvgiHomepanii, a makosc 8iduymms eaacHoi
nepemozu Ul ycnixy Ha00820 3aAUWAMbCs 3KpinAeHUMU 8 N08ediHYi | € mum cmapmosuM cmpubkoM, AKull pobums Ko-
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JceH nayieHm i3 Heepo3om do sudyscaHHs. [lpu aymusmi 3a donomozoro deavina edaemuest donomozmu umMuHi ocmuc-
JIeHO 83AEMO0isiMU 3 HABKONUWHIM c8IMOM, a nomim Ha yiti ocHogi 3dilicHioeamu Kepy8aHHsI HABYAHHSM | BUXOBAHHSIM,
Hanpae/sivo4u 8 nompibHe pyc/a0 Hasi8Hi i popmytouu y dumuHu Hosi 3euuku i sHanHs. I[Ipu /LI 3a donomozor denvpi-
Hig 80aembCs HA8’A3amu pyxoei cmepeomunu 3 Memoro docsi2HeHHs1 ONMUMA/AbHOI 015 KOHKPemHO020 X80p0o20 83aEMO0iT
3 deabinoM, amycumu dumuHy 8iduymu cMak nepemozu Hao co6or i nocmapamucsi 8i0Ho8UMU HEPB080-ped.1eKMOPHI
38’a3ku LJHC i3 ypasceHumu M’s13amu 3a decsimb OHig 3aHAMD i3 deabgiHamu. Takum YuHoM, Mo6iiizayis akmueHoi noge-
diHKu nayienma nid yac x8opobu, nepekaoveHHs 1io2o ysazu i3 Xx80pobHOi doMIHGHMU HA ONMUMICMUYHO-3Yi1108A1bHI
Momueayii € Hatigaxcaugiwumu esemeHmamu deabgiHomepanii.

ICUX0PU3UO0/IOTUIECKUE ACIIEKThI BBAUMO/JENCTBUA YEJIOBEKA U JIEJIb®HUHA B IIPOLIEYPAX
AEJIb®UHOTEPAIIMH

JI.H./lykuHa, K.K.I'op6auesa
HayuHo-uccaedosamenvckuii yenmp «I'ocydapcmeeHHbIll OKeaHaApuym»
Karouesvle cno6a: ncuxoHesposo2uyeckue cumMnmomsl; deabuHomepanusi; sedebHble 3Phdexkmol; MEXAHUIMbL

B HayuHo-uccaedogamenvckom yeumpe «locydapcmeeHHwlii okeaHapuym» 6os1ee 20-mu siem npogodsimcsi pabomsl no
U3Y4eHU 8B03MONCHOCMU UCNOIb308AHUS1 Y4ePHOMOPCKUX denb@duHos agpanuH d151 B0ccmaHoe/1eHUs 300p08bsi todell, cmpa-
darouux ncuxoHes8po102UMECKUMU 3a6041e8aHUAMU. B cmambe npedcmaesseHbl daHHble, noy4eHHble Ha 6o1ee yem 8000 nayu-
eHmos, nodmaepaicdaroujue evebHole sgpekmul npoyedyp deavuHomepanuu y demeli c He8po3aAMU, AYMU3MOM, dem-
cKUM YepebpaabHuim napaauvom ([LI1) u 3adepsckoil ncuxopeuesozo pazsumus (3I1P). aa nayuenma Hegponama u
JIUMHOCMHO aKYeHmMyupos8aHHO20 nayueHma enedamJ/eHue om nepexcumozo 8 npoyedypax dessguHomepanuu, a max-
Jice oujyujeHue cobcmeeHHoll nobedbl U ycnexa Hado120 0cmaromcsl 3akpeneHHbIMU 8 N08e0eHUU U S8AHMCs1 memM cmapmo-
8bLM NPBIHCKOM, KOMOpbLil desaem kaxcdblll nayueHm ¢ He8PO30M HA NyMu K 8bl300pos/eHuio. [Ipu aymusme ¢ nOMoujbo
desvguna ydaemcst nomMoub pebeHKy 0CMbICAEHHO 83auMo0elicmeosams ¢ OKPYHCAUWUM MUPOM, d NOIMOM HA OCHO8E NOY-
YeHHbIX Pe3y/1bmamos ocyuecmas11ms ynpasaeHue 06y4eHueM U 60CNUMaHueM, Hanpasass 8 HyjicHoe pyc/10 umeroujue-
cs1 u popmupys y He2o Hogble npusbluku u sHaHus. [Tpu JLI1 c nomowblo deabgpuHos yoaemcs Hassasambs dguzamesibHble
cmepeomunsl ¢ Yyeabto doCmuditceHUst ONMUMAAbHO020 0151 KOHKpemHo20 601bH020 83aumodeticmeaust ¢ desbuHoM, 3a-
cmasums pebeHKa ouymums 8Kyc no6edvl HAd co60ll U nocmapamuvCsi B0CCMAHOBUMb HePBHO-ped1eKMOpHble C8s13U
L[HC c nopaxceHHbIMU Mbluyamu 3a decambs OHell 3aHamull ¢ deavguHamu. Takum o6pazom, Mobuau3ayust akmueHo20
nogedeHust nayueHma 6o 8pemst 60/1e3HuU, nepeKar1eHuUe e20 BHUMAHUSA ¢ 60/1e3HeHHOU OOMUHAHMbl HA onmuMucmuye-
CKU-UCcyeasiowue Momusayuu 8/A510Mces 8axcHellWuMu s1emeHmamu desbuHomepanuu.
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A comparative study of peculiarities of the thymidine phosphorylase activity in the blood plasma and tissues of patients
of different age with gastrointestinal cancer (T, ,N,,M, ) has been carried out. The aim was to evaluate the diagnostic
relevance of different types of the thymidine phosphorylase (TP) activity and their association with tumor growth and the
treatment efficacy of 5-fluorouracil. In this study 96 patients aged 35-70 years old with gastrointestinal cancer of T; N, M, ,
stages were included. The control group consisted of 60 non-cancerous patients of the same age without the gastroduo-
denal zone pathology. The research protocol for studies with human materials was approved by the Ethical Committee of
the Donetsk National Medical University named after M.Gorky. The peculiarities of enzyme activities were studied in the
blood plasma and tissues. Activities of tissue enzyme were studied in the surgically removed material in 58 tumors and in
non-cancerous stomach mucosa (the mucosa margin of resection distant from the carcinoma was as a control). The types
of the TP activity were determined spectrophotometrically [2] according to the amount of thymine (thymidine) formed.
Statistical analysis of results has been performed using of parametric and nonparametric methods Medstat software pack-
age. It has been demonstrated that the TP catabolic activity in tumors is 2.6 times lower compared to the non-neoplastic
mucosa of the resection margin and is accompanied with decrease of the activity in the blood plasma. The increase of the
transferase activity has been found both in tumor tissues (more than 1.7 times) and in the blood plasma. Changes in the
tissues activity in the postoperative material depended on the type of tumor and efficacy of 5-fluorouracil. The value of
different types of TP activities can be used as a test for proliferative activity changes (the criteria of Willcoxon, W = 28.0,
p<0.001). Control of individual dynamics of the enzymes activity in the blood may be used as an informative test for moni-
toring of patients and drug treatment optimization. A practical application of the present study is that targeting TP for
therapeutic purposes would be more desirable in individualization of anticancer therapy depending on tumor spreading.

astric cancer and colorec-

tal cancer are the more com-
mon cancer localizations. Unfor-
tunately, more than 50% of gas-
trointestinal cancer cases are dia-
gnosed at advanced stages. It is
now clear that cancer may be more
or less aggressive and that seve-
ral prognostic and predictive fac-
tors may play a major role in the
choice of the most appropriate the-
rapy and for final results. Since last
century 5-fluorouracil (5-FU) with
other anticancer agents and pro-
drugs from the group of fluoropy-
rimidines are widely used in the
drug treatment of gastric cancer
and colorectal cancer [3]. The im-
portance of tumor proliferation
in response determining chemo-
therapy has been clearly proven.
The intensity of cellular DNA syn-
thesis and, thus, cell division, de-
pends on the level of deoxythymi-
dine triphosphate (dTTP, the key

precursor for DNA synthesis). [t
can be synthesized following one
of the two possible pathways. The-
re are both de novo synthesis (which
can be inhibited by 5-FU) and “sal-
vage pathway”, for example, by re-
cycling thymine, which can be re-
incorporated into DNA. The inten-
sity of “salvage pathway” is regu-
lated by the activity of two en-
zymes; one of them is thymidine
phosphorylase (TP; EC 2.4.2.4.).
A high expression is related to ma-
lignant angiogenesis and invasion,
and therefore, it is associated with
a poor prognosis [2]. It has been
postulated that the angiogenic ef-
fect of PD-ECGF/TP is related to
the enzymatic activity of TP, which
catalyses the reversible phospho-
rolytic cleavage of thymidine to
thymine and 2'-deoxyribose-1-phos-
phate [4]. TP has a moderate or
even negligible role in the activa-
tion of antimetabolite 5-fluoroura-
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cil (5-FU) to fluoro-deoxyuridine-
5’-monophosphate by the trans-
ferase activity (TPan), but its phos-
phorolytic activity (catabolic, TPc)
is essential for the activation of a
prodrug 5'-deoxy-5-fluorouridine
(5'-DFUR, furtulon) to 5-fluoro-
uracil. The various complex inter-
actions of TP/PD-ECGP give itan
essential role in cellular function-
ing, and hence, it is an ideal tar-
get in cancer chemotherapy. The
aim of our study was to investi-
gate the diagnostic relevance of
different types of the thymidine
phosphorylase activity and their
association with tumor growth and
the treatment efficacy of 5-fluo-
rouracil.

Materials and Methods

In this study 96 patients aged
35-70 years old with gastrointe-
stinal cancer of T, ,N, M, stages
were included. The control group
consisted of 60 non-cancerous pa-
tients of the same age without the
gastroduodenal zone pathology.
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Table

The activity of thymidine phosphorylase in the blood plasma of healthy people

and patients with T, ,N M, stages of gastrointestinal cancer at the age
of 35-70 years old (nmol/mg-min) (n = 156)

TPan TPc TPan/TPc
Age
Control GIC Control GIC Control GIC
35-45 15.35+2.45 28.52+4.56%* 41.61+3.12 38.85+2.85 0.37+0.09 0.73+0.25*
46-60 14.33+3.01 25.03+5.15* 47.88+2.62 15.26+2.55%* 0.30+0.14 1.64+0.52%*
61-70 14.58+3.45 26.58+2.98*%* 52.01+2.89 18.31+£2.08** 0.28+0.12 1.45+0.71%

Note: Authentic differences versus the control: * - p<0.05, ** - p<0.001.

The research protocol for studies
with human materials was approv-
ed by the Ethical Committee of the
Donetsk National Medical Univer-
sity named after M.Gorky. The pe-
culiarities of enzyme activities were
studied in the blood plasma and
tissues. Activities of tissue enzy-
me were studied in the surgical-
ly removed material in 58 tumors
and in non-cancerous stomach mu-
cosa (the mucosa margin of re-
section distant from the carcino-
ma was as a control). The types
of the TP activity were determi-
ned spectrophotometrically [2] ac-
cording to the amount of thymi-
ne (thymidine) formed.
Statistical analysis of results
was performed using of paramet-
ric and nonparametric methods
Medstat software package.

Results and Discussion

The peculiarities of enzyme ac-
tivities have been studied both in
the tissues and blood plasma of
patients with gastrointestinal can-
cer (GIC), and in the blood plas-
ma of the control group (Table). It
has been demonstrated that the
TP catabolic activity in tumors is
2.6 times lower compared to the
non-neoplastic mucosa of the re-
section margin It has been deter-
mined that the TPc activity decrea-
se in the gastric cancer tissues up to
21.92+8.60 nmol/mg-min in compa-
rison with non-transformed control
tissues (57.82+7.99 nmol/mg-min,
p<0.01) isaccompanied by its trans-
ferase activity (TPan) increasing

in the tumors (from control 76.86+
+11.65 nmol/mg-min, to 128.01+
+9.82 nmol/mg-min, p<0.05). The
similar tendency has been found
in tumors of colorectal cancer - the
TPc activity decrease up to 17.96+
+3.48 in comparison with the cont-
rol (45.2246.76 nmol/mg-min, p<
0.01); the TPan activity increase up
to 187.48+22.03 nmol/mg min
in comparison with the control
(106.71£15.21 nmol/mg-min, p<
0.05). The statistical differences
between the mean values of the
TP activity in tumors and non-neo-
plastic mucosa have been shown
by Willcoxon W-criteria calcula-
tion - for TPan W = 66.0, p<0.001;
for TPc W =190.0, p<0.001. This
disorder may be one of the causes
of dTTP synthesis increasing and
a higher rate of proliferation.

In the present study the age-
dependent enzymes activity valu-
es in the blood plasma of patients
with GIC, and in the blood plas-
ma of the control group have been
determined (Table). In the healthy
organism the age-dependent ac-
tivity increase is characteristic for
TPc (the index of Spearman’s rank
correlation, i.e. p = 0.874, a posi-
tive correlation between the TPc
activity and age), but not for TPan.
In case of cancer development a
tendency islost - for TPcp=-0.189,
but for TPan p = 0.405. Therefore,
the possibility of dTMP synthesis
increasing by the “salvage path-
way” in patients with GIC have
been determined. The TP activi-
ty changes in the blood plasma of

patients demonstrate their acti-
vity peculiarities in tissues.

For the better consideration
of the individual role of the TP ac-
tivity peculiarities for proliferation
we propose to use the index of
TPan/TPc. Italso decreases in the
age-dependent manner in the plas-
ma of GIC patients (p = 0.349).

To reveal prognostic possibi-
lities of the enzyme activities stu-
died for the drug treatment effi-
cacy we created 2 groups of two
different pathomorphologycal ty-
pes of gastric cancer tumors sam-
ples from patients with (and with-
out, comparison group) 5-FU tre-
atment before surgery. The valu-
es of TPan/TPc in the samples of
the intestinal type and the diffu-
se type of gastric cancer in the
comparison group were similar -
3.40+0.51 and 2.20+0.82, p>0.05,
respectively. In cases of 5-FU tre-
atment in the intestinal type of
cancer it was minimal 0.58+0.15,
p<0.01. Decrease in the index was
associated with tumor necrosis de-
velopment and thus with 5-FU ef-
ficacy. In the diffuse type of the
GC samples the authentic differen-
ces versus the comparison group
index were absent (1.82+0.23,
p>0.05) and the area of necrosis
was not determined.

CONCLUSIONS

A practical application of the
present study is that targeting TP
for therapeutic purposes would
be more desirable in individuali-
zation of anticancer therapy de-
pending on tumor spreading.
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MOK/IMBICTb 3ACTOCYBAHHA ®EPMEHTATMBHOI'O TECTY /I/11 NPOTHO3Y EQPEKTUBHOCTI 5-®TOPYPALIUIIY
Y XBOPHUX HA TACTPOIHTECTUHAJIbHHUH PAK

O.M.Bakyposa, K.0.Muponosa, b.I.bop3eHKo

JoHeybkuil HayioHaabHUll MmeduyHuii yHieepcumem im. M.Iopbkozo

Karouosi cnosa: cacmpoinmecmuHaavHuli pak; mumioungocdopuaasa; 5-¢pmopypayua

Tumidungocgopunaza memaboaisye 5-pmopypayus ma tio2o noxioHi. 3 nPpOZHOCMUYHOI0 MeMor MU 8UEYAAU 0COBAUBOC-
mi gudis ii pepmeHmamugHoi akmugHocmi 8 MKAHUHAX MA NA3MI KPOBI X80pUX HA paK W/AYHKA [ KUWEYHUKA Pi3HO20 BIKY.
Mamepiaaom cayxcuau mKaHUHU paky WJyHKA, KUWeYHUKa ma HempaHcghopmosaHoi cau3080i kpais ix pesexyii (konm-
posib) 58 xeopux 3 sepugpikosanum diazvozom T, ,N M, cmadiil, naazma kposi 96 xeopux Ha 2acmpoiHMecMUHAIbHULL pak
(T'IP) y siyi gid 35 do 70 pokis. Ik KoHmMpo/b BUKOPUCMOBYBAIU NAA3MY KpO8i 60 yMo8HO 300p08uUX 0Ci6 Mo20 i iKY, sIKi He
Maau hamosozii eacmpodyodeHanvHoi 30HU. ChekmpogomomempuyHo gusHavaau akmusHicms TOx ma Tdan [2] Ha CD-
46. Inky6ayitini cymiwi micmuau gpochamui 6ygpepu onmumaavHux pH, cybcmpamu ma kocy6cmpam dast T®au. Peecmpy-
ea/u 3miHu onmuyHoi wineHocmi muminy (mumiouny) e 0,01 H NaOH. CmamucmuyHy 06po6Ky pe3yabmamie npogoduiu 3
BUKOPUCMAHHAM NApAMEeMpUYHUX ma Henapamempu4Hux memodie npozpam nakemy «MedStat». BcmaHosieHo 3pocman-
Hs1 mpaHcgepasHoi akmugHocmi 8 NYXAUHAX WYHKA Ma KuwevHuka 8 1,7 pasu nopisHsiHo 3 HempaHc@opMo8aHo0 cAU30-
8010 Kpais pesekyii ma 3HudxiceHHs1 Kama6boaiuHoi (ocopusasHoi) it akmusHocmi 8 cepedHbomy 8 2,6 pazu (W-kpumepitl
Binkokcona - das T® an W = 66,0, p<0,001; oas TPk W = 190,0, p<0,001). [Jas monimopuHzy 3miH npoaiepamusHoi ak-
mueHOCMI 3anPoNOHOBAHO NOKA3HUK cniggioHoWeHHs1 mpaHcgepasHozo ma pocgopunaznozo sudie akmusHocmi (TPaH/
Tdk), dogedeHo iiozo 38’30k 3 namo.ozieto (W = 28,0, p<0,001). [lokazaHo MoxcAuBiCMb 3ACMOCY8AHHS 0151 NPO2HO3Y
egpekmusHocmi 5-gpmopypayusy. AkmugHicme gepmeHmy 8 naasmi kposi 8idbusae 3MiHU akMuBHOCMI 8 MKAHUHAX, MOXCE
donomozmu y supiwieHHI nuUmaHb KOHMPOo/1t0 IHOUBidyabHoOi epekmusHocmi npenapamis epynu 5-gpmopypayuny. IcHye
npsma Kopeasayist Misxc amiHamu gudie akmueHocmi T® y naasmi i mkaHuHax. BusnayenHs indusidyanvHux ocobausocmeti
sudie akmusHocmi T® y naasmi kposi y X80pux HA paK WAYHKA, KUWEYHUKA 8 JuHamiyi Moxce donomozmu y supiuieHHI
numaMs npozHo3y iHdusidyabHoi epekmusHocmi npenapamis epynu 5-pmopypayuy.

BO3MOKHOCTb NIPUMEHEHHUA PEPMEHTATUBHOTI'O TECTA AJ151 TIPOTHO3A 3®®EKTUBHOCTH 5-¢TOPYPALIMJIA
Y BOJIbHBIX TACTPOMHTECTUHAJIbHBIM PAKOM

E.M.Bakypoea, K.A.Muponosa, b.I.bop3eHko0
Aoneykuil HayuoHabHbLI MeduyuHckuil yHueepcumem um. M.I'opbko2o

Karouesvle ca08a: ecacmpouHmecmuHaabHbull pak; mumuduHgocghopuaasa; 5-¢gmopypayun

TumuduHgocgopuaasa ynacmeyem e memaboausme 5-gpmopypayuia. H3yyeHol ocobeHHocmu ee 8ud08 akmMueHoCmMu Kak
8 MKAHAX onyxo/ell, makK U 8 naasme Kposu 60AbHbIX pa3AUHHO20 803pAcmMa 2aCMpOUHMECMUHAIbHbIM pakom. Mamepu-
a/10M CAYHCUAU MKAHU PaKA JHeay0Kd, KUWEYHUKA U HempaHCHOpMUpO8aHHoUl cauzucmoll kpaeg peekyuu (KOoHmpois)
58 60.16Hb1x € 8epugpuyuposarubim duazHozom T, N M, cmadutl, naazma kposu 96 604bHbIX 2aCMPOUHMECMUHAbHLIM PAKOM
(THP) 6 sospacme 35-70 s1em. B kauecmee KOHMpPO1s UCNOAb308AIU NAA3MY Kpo8U 60 ycA08HO 300P08bIX AUY MO20 Jice 803-
pacma, He UMe8WUX Namo102uu 2acmpodyodeHaabHOlU 30Hbl. Chekmpogomomempuyecku onpedeasiau akmugHocms TOk
u T®an [2] Ha CD-46. HHKybayuoHHble cmecu codeprcanu pochammble 6ydepvl onmumanvHuix pH, cybcmpamel u Kocy6-
cmpam 045 T®aH. Pezucmpuposasiu uameHeHust onmuyeckoti naomHocmu mumuHa (mumudura) 8 0,01 H NaOH. Cmamucmu-
YecKyo 06pabomKy pe3yibmamos NposoouaU ¢ UCNOIb308AHUEM NAPAMEMPUYECKUX U HENAPAMEMPU1ECKUX Memooo8 Npo2pamm
nakema «MedStat». B onyxo/5x ycmaHoe/1eHo nosbluleHue mpaHcdepasHoli akmusHocmu 6 1,7 pasa u cHusceHue ee kamabo-
Auveckoll (gocgopuaasHoii) akmusHocmu 6 cpedHeM 8 2,6 paza no CpagHeHUI0 ¢ AKMUBHOCMbIO 8 HEMPAHCPHOPMUPOBAH-
HbIx kpasix pesekyuu (W-kpumeputi Bunkokcona - 04 T® an W = 66,0, p<0,001; ona Tdx W = 190,0, p<0,001). [las moHumopuHaa
npoaugepamusHoti akmusHocmu npedaoxceH nokasameab coomnoueHus T@an/TPk, ycmaHoseeHa e2o cesi3b ¢ namo.Jio2uell
(W = 28,0, p<0,001). HameHeHuss akmugHocmu 8 njiasme Kposu ompazxcaiom akmugeHoCmb 0nyxo/1e8020 npoyecca. Yema-
HO08/1€HO CHUJCEHUe NOKA3ame1s COOMHOWEeHUs akmusHocmu mumMuduH@ochopuaassbl 8 mKaHAax onyxoJiell npu pazsumuu
Js1e4ebHo20 namomopo3a onyxoell Ha hoHe HeoadblosaHmMHoOU mepanuu 5-pmopypayunom. [IpedaosxceHHbLll GuOXUMUYe-
CKUll mecm Modcem Ucno/1b308amucsi 04151 UHOUBUAYATbHO20 KOHMPoAs 3ddexmusHocmu npenapamos ezo epynnol. Cywjecmay-
em npsamasi Koppeasyust Mexcdy usmeHeHusimMu 8udos akmusHocmu TP 6 naasme u mkaHsx. OnpedeseHue uHOUBUAYANb-
Hbix ocobeHHocmell sudos akmusHocmu T® e naasme kposu 601bHbIX PAKOM JHceaAyOKa U KUWeEeYHUKA 8 OUHAMUKe MOxcem
NoMo4b 8 pewleHuU 80NPOCco8 NPo2HO3a UHOUBUJYAAbHOU 3 hekmusHocmuU npenapamos zpynnwl 5-gpmopypayuia.
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THE EFFECT OF PROTON PUMP INHIBITORS ON FORMATION
OF INACTIVE (COCCOID) FORMS OF H. PYLORI INFECTION

A.0.Avramenko

Interregional Institute of Human Development of the Open International University of Human

Development “Ukraine”

Key words: proton pump inhibitors; helicobacter infection; coccoid form

The comprehensive study of 62 patients with chronic helicobacteriosis, who took PPIs (the course of PPl administration
was from 1 to 3 days) the day before the examination, has been conducted. When testing after PPl administration during 1
day HP infection was found in 100% of cases, but only in an inactive coccoid form with a high degree of contamination of
the gastric mucosa (on the average it is higher (+ +)) with no significant difference (p>0.05) of this index over topographic
areas. When analyzing this index over the same topographic areas in relation to the course of PPl administration there is
a reliable reduction (p<0.05) of the HP concentration in all areas each day except the middle third of the gastric corpus
by the lesser curvature where we can see only a tendency of reduction of the HP concentration on the gastric mucosa. On
the third day of PPl administration the reliably highest concentration of HP is still on the mucosa in the middle third of
the gastric corpus by the lesser curvature (p<0.05). The use of proton pump inhibitors in monotherapy promotes a rapid
conversion of active forms of HP infection into inactive coccoid forms across the gastric mucosa. Reduction of HP infection
on the gastric mucosa occurs due to the natural washing of bacteria when eating and drinking to the intestine and it may
contribute to the formation of the fecal-oral route.

eginning from 1996 when

the first Maastricht Consen-
sus in the treatment of chronic he-
licobacteriosis was created, the ma-
in drugs in all schemes till now
are proton pump inhibitors (PPI)
designed not only to reduce the
acidity level of the gastric juice as
the aggression factor, but also to
help the antibiotics to realize the-
ir potential in fighting against He-
licobacter pylori (HP) [2, 3]. But
antibiotics act only on the active
form of HP and only in the stage
of mitosis [3]. The lack of data in
the available literature on the im-
pact of PPI on HP in monothera-
py with these drugs was the rea-
son for our work.

Materials and Methods

The comprehensive study of
62 patients with chronic helico-
bacteriosis, who took PPIs (the
course of PPI administration was
from 1 to 3 days) the day before
the examination, has been conduc-
ted. The age of patients varied from
17 to 63 years old (the average
age was 36.2+0.19 years old); among
them there were 39 men (62.9%)

and 23 women (37.1%). The com-
prehensive examination of the pa-
tients included: step by step intra-
ventricular pH-metry by the method
of Chernobrovy V.N. [7]; esophago-
gastroduodenoscopy (EPGDS) by
the common method [5], double
testing on HP-infection (rapid ure-
ase test and microscopy of stain-
ed Gyms smears), for which the
biopsic material was taken from
4 topographic areas of the stom-
ach: from the middle third of the
antrum and the gastric corpus by
the greater and lesser curvature,
according to our methodology [1],
as well as the histologic examina-
tion of the gastric mucosa of the-
se areas according to the latest
classification [6].

The examination sequence was
as follows: at first pH-metry was
carried out, then EPGDS with bio-
psy sampling was performed to
test for HP and histologic study
of the gastric mucosa. The exami-
nation was made in the morning
in the fasted state in 12-14 hours
after the last meal. The data ob-
tained were processed statistical-
ly with the help of Student t-test

A.O.Avramenko — Doctor of Medicine, associate professor, head of the Human
Development Department at the Mykolaiv Interregional Institute of Human Development
of the Open International University of Human Development “Ukraine”

with calculation of mean values
(M) and evaluation of probability
of deviations. Changes were sup-
posed to be reliable at p<0.05. The
statistic calculations were perfo-
med with the help of Excel spread-
sheets for Microsoft Office.

Results and Discussion

When determining the acidity
level there were levels correspond-
ed to normal acidity - in 18 (29%)
cases, moderate hypoacidity - in
20 (32.3%) cases, expressed hy-
poacidity - in 24 (38.7%) cases.
When conducting EPGDS and his-
tologic study of the gastric muco-
sa the existence of chronic gastri-
tis both in active and non-active
forms was confirmed among 100%
of patients.

When testing HP infection was
found in 100% of cases, but only
in a non-active coccoid form. The
data of contamination degree of
the gastric mucosa by HP infec-
tion by the topographic area of the
stomach with different course of
PPI administration are given in
Table.

When analyzing the data ob-
tained concerning the degree of
the gastric mucosa contamination
by HP infection there is the ab-
sence of significant difference of
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Table

Degree of Helicobacter pylori infection contamination of the gastric mucosa by the topographic
areas with different course of proton pump inhibitors administration (n = 62)

Topographic area of the stomach

The course of PPI
administration

Antrum (M+m) / (+)

Gastric corpus (M£m) / (+)

Greater curvature Lesser curvature Greater curvature Lesser curvature
15tday (n =21) 2.13+0.11 2.12+0.11 2.11+0.11 2.10+0.11
2™ day (n=19) 1.24+0.12 1.22+0.12 1.87+0.12 1.93+£0.12
3dday (n =22) 0.80+0.11 0.81+0.11 1.34+0.11 1.78+0.11

Note: n - is the number of examinations.

this index over topographic are-
as after PPI administration dur-
ing a day. When analyzing this in-
dex over the same topographic are-
as in relation to the course of PPI
administration there is a reliable
reduction (p<0.05) of the HP con-
centration in all areas each day
except the middle third of the gast-
ric corpus by the lesser curvatu-
re where we can see only a ten-
dency of reduction of the HP con-
centration on the gastric muco-
sa. When analyzing the changes
of mucosa contamination degree
of different topographic areas of
the stomach on the 2" day of PPI
administration a reliable lower con-
centration of HP (p<0.05) in the
antrum is observed in relation to
the gastric corpus both by the gre-
ater and lesser curvature, while
there are no reliable differences
in the gastric corpus (p>0.05). On
the 3™ day of PPI administration
the highest concentration of HP
is still on the mucosa in the mid-
dle third of the gastric corpus by
the lesser curvature (p<0.05).
These results can be interpre-
ted from 2 positions. From the view-
point of some scientists with de-
crease of the acidity level under
the effect of PPI HP infection mi-
grates from the antrum of the sto-
mach to the gastric corpus where
acidity remains higher and where
helicobacter infection have a chan-
ce for survival since the absence

of acid is fatal to it because of the
peculiarities of getting energy for
this bacterium [4]. However, the
data obtained demolish this view
because after the 1%t day of PPI ad-
ministration the HP concentration
is equal in all parts of the stomach
and it is high everywhere (on the
average it is higher (++)) and HP
is only as fixed non-active cocco-
id forms, which are the form of
protection under unfavourable en-
vironmental conditions, while only
active forms of bacteria have mo-
bility and ability to migration and
live on the gastric mucosa [2, 4].
That is why reduction of the HP in-
fection level during 3 days of PPI
administration, from our point of
view, occurs due to the natural
washing of these forms when eat-
ing and drinking from the gastric
mucosa, whereupon non-active
forms get to the intestine and eli-
minate with feces forming the fe-
cal-oral route. Such mechanism
was confirmed experimentally when
for obtaining non-active forms of
other kind of helibacteria infec-
tions - Helicobacter mustelae liv-
ing on the ferret’s gastric mucosa
proton pump inhibitors were in-
jected to animals [2]. The middle
third of the gastric corpus by the
lesser curvature is the least com-
pact area for different negative
factors in relation to HP, there-
fore, it is the site where helico-
bacter infection adapted to the

new acidity level, transfers again
to the active form and forms an
intracellular “depot”, which can
be the future recurrence of the
disease [8].

From our point of view, anti-
biotics, which according to gene-
ral schemes are used together with
PPI, do not act as “killers” of HP,
but more than likely as factors,
which do not allow the inactive
form of bacteria to pass into the
active form and promote releas-
ing of coccoid forms in the envi-
ronment; in turn, it increases the
risk of re-infection of patients and
their family because now it is com-
mon practice to treat chronic ga-
stritis and peptic ulcer at home
[3]- De-Nol, a bismuth drug intro-
duced already to the first-line the-
rapy, is the only drug that kills
both active and non-active forms
of HP and until now any bacteria
do not have resistance to it [5].

CONCLUSIONS

1. The use of proton pump in-
hibitors in monotherapy promo-
tes a rapid conversion of active
forms of HP infection into inactive
coccoid forms across the gastric
mucosa.

2. Reduction of HP infection
on the gastric mucosa occurs due
to the natural washing of bacte-
ria when eating and drinking to
the intestine and it may contri-
bute to the formation of the fecal-
oral route.
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BILJIUB IHT'1IBITOPIB HPOTOH_HOi IOMIIKN HA ®OPMYBAHHA HEAKTUBHUX (KOKOITIOAIBHUX) ®OPM
TEJIKOBAKTEPHOI IH®EKIII

A.0.AepameHKo

Mukonaiecekuii MixcpezioHanbHUll iHCmumym po3eumky A10duHu Biokpumozo midicHapodHozo yHieepcumemy
pO38UumkKy A100UHU «YKpaiHa»

Karouosi caoea: iHzi6imopu npomoHHoi nomnu; zesniko6akmepHa iHgeKyis; kokonodi6Hi ghopmu

Bysno komnaekcHo o6cmediceHo 62 x80pux HA XpOHIYHUIL 2eaikobakmepios, ski HanepedodHi o6¢cmediceHHs nputimanu iHai-
6imopu npomonHoi nomnu (1I1I1) (mpusasicms nputiomy - 6id 1 do 3-x 0i6). [Ipu mecmysauHi nicas npuiiomy I npomsi-
2om 1 do6u HP-ingpexyis 6yaa susienera 8 100% sunadkis, 00Hak 8 HeakmugHitl kokonodibHiili hopmi npu eucokomy cmy-
neHi 06¢ciMeHIHHA cau3080i wayHka (y cepedHboMy binvuie (+ +)) 3a eidcymHocmi docmosgipHoi eidminHocmi (p > 0,05)
daHo20 nokasHuka no monozpagiyHux soHax. [Ipu aHanisi daHo20 NOKA3HUKA N0 00HUX | MuUX Jxce monozpagdivHux 30Hax
wodo mpusaaocmi nputiomy II111 eidzHauaemuvcsi docmogipte (p < 0,05) 3HusxiceHHs koHyeHmpayii HP y ecix 30Hax yepe3
KoJcHY 006y KpiM cepedHboi mpemuHu miaa wayHKa no maAiil kpususHi, de 8i03Hauaemvbcst meHOeHYisl 00 3HUNCEHHS
koHyeumpayii HP Ha cau3ogiii. Ha 3-10 do6y nputiomy II1I1 8ipozidHo Halibinbwa koHYyenmpayis HP 3aauwaemocst Ha
CAU308Ili 8 cepedHili mpemuHi miaa wayHka no manitl kpususHi (p < 0,05). 3acmocysaHHs iH2i6imopie npomoHHOI nomnu
npu MoHomepanii cnpusie weudkomy nepexody akmusHux gopm HP-ingekyii 6 HeakmueHi — Kokonodi6Hi no &citl causo-
8itl wayHKa. 3HusceHHs1 pieHst HP-ingexyii Ha cau308ill wayHka 8i06ysaemuCsi 3a paxyHoK NpUpodHO20 «3MUBAHHS» 6aK-
mepiti npu nputiomi ixci i piduHu 8 KUWe1YHUK, Wo Moxce cnpustimu hopmy8aHHI0 PeKa1bHO-0paIbHO20 WASIXY hepedayi.

BJIMAHUE UHTUBUTOPOB IPOTOHHOM ITOMIIbI HA ®OPMUPOBAHUE HEAKTUBHBIX (KOKKOOBPA3HBIX) ®0PM

XEJIMKOBAKTEPHOW UHOEKIIUA
A.A.AepameHKo

Hukosaeseckuii MeJ#CpeZUOHaﬂbellj UHCMumym pa3seumus 4es108eKa Oprblmoeo MeofcayuapoduozoyHueepcumema

paseumus 4es08eKa «YKpauHa»
Kamouessie cno8a: un2ubumopsl npomoHHOU NoMnbl; XeAUKO6aKmepHas UHPeKyus; KOKKoobpasHbsie hopmbl

BbLau komnaekcHo 06¢1edoeaHbl 62 601bHbIX XPOHUYECKUM XeAUKO6AKmMepuo3oM, Komopble HaKaHyHe 06¢1ed08aHuUs
NPUHUMAAu UuHaubumopsl npomoHHoti nomnst (UI1I1) (daumeavHocms npuéma - om 1 do 3-x cymok). [Ipu mecmupo-
eaHuu nocsae npuéma HIII 8 meuenue 1 cymok HP-uHgekyus 6viaa evissseHa 8 100% cayuaes, 00HAKO MO1bKo 8 He-
aKkmueHoll KOKK006pa3Holl hopme npu 8bICOKOU cmeneHu 06ceMeHeHUst cau3ucmoll jceayoka (8 cpedHem 6ovuie (++))
npu omcymcmeuu docmogepHozo pasaudus (p > 0,05) danHozo nokazamens no monozpaguueckum 3oHam. [Ipu aHauze
JaHHO20 noKasameJisi N0 0OHUM U MeM Xce monozpaduyeckum 30HaM OMHOCUMeAbHO daumeabHocmu npuéma HUIII om-
Mevaemcsi docmogepHoe (p < 0,05) cHusxceHue koHyenmpayuu HP 6o ecex 30Hax yepe3 kascdvle CcymKu kpome cpedHetl
mpemu mea dcesydka no Ma/oll KpugusHe, 20e ommevaemcsi mo/ibko meHoeHYusl K CHUxdceHuto koHyeumpayuu HP Ha
causducmotl. Ha 3-u cymxku npuéma HI1I1 docmosepHo Hauboavwas koHyeHmpayust HP ocmaémcsa Ha causucmotl 8 cped-
Hell mpemu mea scesayodka no maaoli kpususHe (p < 0,05). [IpumeHeHue uH2UGUMOPO8 NPOMOHHOLU NOMNbI NPU MOHO-
mepanuu cnocobcmayem 6blcmpoMy nepexody akmusHbulx popm HP-uHpekyuu 8 HeakmusHble - KOKKOOOpa3Hble no scell
causucmotl xcenyoka. CHusceHue yposHs HP-ungexkyuu Ha causucmotl sxcesydka npoucxodum 3a c4ém ecmecmeeHH020
«CMbl8aHUs» 6akmepull npu npuéme NUWU U HUOKOCMU 8 KUWEHHUK, 4Mo MOxcem cnocobcmeosams (hopmMupo8aHuro
dexkabHO-0patbHO20 nymu nepedayu.



18 KAIHYHA PAPMALIA. —2013. - T. 17, No4

ISSN 1562-725X

UDC 615.12-009.72; 615:224

PATHOPHYSIOLOGICAL MECHANISMS OF CARDIALGIA
AND PHARMACEUTICAL CARE IN THE HEART PAIN

0.V.Gerasymenko

National University of Pharmacy

Key words: cardialgia; pharmaceutical care; coronary and noncoronary causes

In the modern concept of responsible self-medication the role of a pharmacist in taking care about a patient becomes the
greatest relevance in the presence of symptoms and syndromes, especially in diseases widely spread in the world. Cardio-
vascular pathology currently prevails in the structure of general morbidity and mortality. Therefore, knowledge of the
symptoms related to heart disease, such as cardialgia, the study of distinctive features in coronary and noncoronary causes
undoubtedly determine the success of the pharmaceutical care of patients. Coronarogenic causes are a small part of all car-
dialgias (for example, according to MIRNET data they are only 16%). Consequently, pain in the heart is not always caused
by coronary heart disease (angina or myocardial infarction). Noncoronary cardialgias can be conditioned both by diseases
of other organs and some inorganic causes. The most common causes of noncoronary pains in the heart are manifestation
of gastroesophagus reflux disease, intercostal neuralgia on the background of osteochondrites of the spine, cardioneurosis
(neurocirculatory dystonia). The main differential diagnostic criteria of different variants of cardialgias that a pharmacist
will be able to use when rendering a qualified pharmaceutical care have been described in the article; the signs of urgent
conditions in cardialgia have been indicated. With this purpose the clinical picture of stable angina pectoris, myocardial
infarction and other most important in the professional activities of a pharmacist diseases has been described; his actions
have been identified at the stage of predoctor care. To optimize the practical work of a pharmacist the OTC drugs used in
cardiology are given (from the order of the Ministry of Public Health of Ukraine No. 166 from 26.02.2013); the pathoge-
netic substantiation of drug therapy with OTC medicines for various causes of cardioalgia has been presented. As a practi-
cal guidelines the algorithm of the conversation of a pharmacist with a visitor of the pharmacy, who complains about the

pain in the heart and / or chest pain, has been developed.

ardialgia means a pain in
the chest (or the heart) due
to coronary (cardial) and other non-
coronarogenic diseases. Differen-
tial diagnosis in case of cardial-
gia is difficult even for an experi-
enced practicing physician hav-
ing appropriate equipment and
the help of the clinical diagnos-
tic laboratory. Can a pharmacist
without a physical examination
and other additional methods in
the pharmacy suggest the etiolo-
gy of the pain during a short pe-
riod of time and give the rational
recommendation to the patient?
Pharmaceutical care suggests sym-
ptomatic treatment of a patient
[18], but in cardialgia a lot of dif-
ferent diseases can hide in one
symptom. In other words, if a pa-
tient complains of the recurrent
pain in the heart or the chest pain,
then chances are small for the pro-
blem with the heart.
According to the data of Michi-
gan Research Network (MIRNET)
[15] coronarogenic causes of car-

dialgia are only 16%, and the re-
maining 84% of cases may be due
to diseases of other organs (chest,
mediastinum, and abdomen) or
nonorganic factors (Table 1). Ac-
cording to the epidemiological stu-
dy conducted among ethnic Chi-
nese in Hong Kong during the year
cardialgia was in 20.6% of the res-
pondents, 13.9% had a noncar-
diac cause of the pain, in 6.7%
the pain was cardiac [19]. Among
patients with noncardiac causes
39% had drug therapy (5% took
OTC drugs without a doctor’s ad-
vice, 28% were outpatients, 3%
were in the emergency depart-
ment, 4% received the planned
therapy in the hospital). In Aus-
tralia noncoronarogenic causes of
the chest pain are observed in more
than 33% of the population [13].
According to the epidemiologi-
cal study in Olmsted, Minnesota,
23% of the total U.S. population
suffer from the chest pain of non-
cardiac genesis [16]. Every year
the United States 8 million US dol-
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lars are spent for rendering the
first aid to patients who assumed
to have the acute coronary syn-
drome, but subsequently the signs
of coronary heart disease (CHD)
are not revealed [12]. An impor-
tant criterion is the patient’s age:
people under the age of 35 have
cardialgia due to coronary heart
disease in 7% of the cases, and in
patients older than 40 years old
it is in 50% of the cases. There-
fore, to construct an algorithm of
the conversation of a pharmacist
with a visitor having pain in the
heart it is necessary to consider
in detail all of the diseases asso-
ciated with cardialgia and special
complaints characterizing each of
them.

There is no common classifi-
cation of cardialgia nowadays. Most
authors divide cardialgia into co-
ronary (due to CHD) and nonco-
ronary (all others) [9, 11, 12]. Other
scientists classify diseases mani-
fested by cardialgia (by topic) such
as diseases of the heart and other
mediastinal organs, diseases of
the chest, abdomen, neurogenic
diseases, diseases of the spine [7].
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There is also division into func-
tional and organic disorders (by
the presence of organic damage)
[12, 14]. The London National Cli-
nical Guideline Centre for Acute
and Chronic Condition divides car-
dialgia into acute and chronic (this
is crucial in the choice of the treat-
ment algorithm) [10].
Recognition of coronary car-
dialgia symptoms is the most re-
levant in the practice of modern
doctors and pharmacists because
cardiovascular mortality takes the
first place not only in Ukraine, but
all over the world. For example,
in Europe itis 47% [17]. Accord-
ing to the data of the Institute of
Cardiology named after academic
M.D.Strazhesko, mortality from car-
diovascular diseases in Ukraine
is 66.8% [3]. In Australiain 2009
about 80,000 patients were ad-
mitted to hospital with the acute
coronary syndrome, 59% of them
were diagnosed with the acute myo-
cardial infarction, approximately
10,000 cases were fatal, the cost
of treatment of heart attacks ac-
counted for 15,5 million US dol-
lars [13]. In the structure of car-
diovascular mortality CHD takes
the first place [17]. Pathophysio-
logical changes in this disease are
characterized by discrepancy of
the oxygen supply to demand of
the myocardium often caused by
atherosclerosis of the coronary ar-
teries. According to the modern
working classification of the WHO
with UCRC additions of 1984 CHD
includes both acute and chronic con-
ditions. A sudden coronary death,
unstable angina and myocardial in-
farction are referred to acute con-
ditions. Chronic conditions are stab-
le angina pectoris, myocardial in-
farction and chronic heart failure.
The former requires urgent medi-
cal aid, the latter needs the plan-
ned treatment by a cardiologist
(physician, family doctor).
Classic angina is characterized
by a pressing, constricting, burn-
ing pain in the chestand/or in the
heart irradiating to the left arm,
under the left shoulder and the
left half of the neck. The most dia-

Table 1

The causes of nonemergency cardialgia
in MIRNET Michigan First Aid Centre [13]

Causes Prevalence, %

Musculoskeletal 204
Vertebrogenous 13.1
Gastrointestinal (including reflux esophagitis) 19 (13.4)
Cardiac 16*

- stable angina 10.3

- unstable angina or myocardial infarction 1.5

- other cardiac diseases 4.2
Psychiatric 8
Broncho-pulmonary diseases 5
Other / unknown causes 18.5

Note: * as high as 50% in the older population.

gnostically significant is the “size”
of the chest pain: it spreads oc-
cupying a large area. The second
main symptom of angina is con-
ditions of appearance and disap-
pearance of the pain. The chest pa-
ins appear and increase with exer-
cise, emotional stress, overeating,
when going out abruptly from the
warm room into the cold. If a pa-
tient indicates another reason for
his pain and does not connect it
with the above reasons, it is ne-
cessary to think about the nonco-
ronary cardialgia. Anginal pains
decrease and/or disappear at rest
and when taking anti-anginal drugs
(nitroglycerin), and have a short
duration (from some seconds to
5-15 minutes).

Myocardial infarction is charac-
terized by necrosis of myocardio-
cytes, and it is manifested in more
pronounced cardialgic syndrome,
symptoms of intoxication (fever),
arrhythmias, drop in blood pres-
sure and development of acute
heart failure. The chest pain in
myocardial infarction is similar to
anginal pain, and it has a burning,
pressing, squeezing character, but
itis in many times stronger, a pa-
tient can not bear such pain; he
tries to limit his physical (motor)
activity. Taken within half an hour
three nitroglycerin tablets (every
5-10 minutes) do not bring relief.
The skin of the patient becomes
pale, cold sweat and cyanosis of
the lips appear. The inspiratory

dyspnea (difficulty in breathing)
is expressed.

Development of tolerance to
the nitro group is possible in case
when a patient takes organic ni-
trates for a long period of time,
has no pause in their administra-
tion and increases the dose by him-
self [5]. The effect of nitrates re-
duces slowly; there are no signs
of myocardial infarction.

As the major anti-anginal me-
dicines are prescription drugs, a
pharmacist can recommend OTC
sedative and anti-anginal drugs
(Nitroglycerin) to the patient with
a stable angina I-1II FC (angina oc-
curs only after a small, normal or
severe physical activity), and then
a consultation of a doctor. In Tab-
le 2 the list of OTC drugs that can
be used in the treatment of CAD is
given [4]. However, Nitroglycerin
can not be used after taking cer-
tain medicines, such as Sildenafil
[8]. In case of development of to-
lerance to Nitroglycerin the phar-
macist should explain this side ef-
fect of nitrates and recommend
contacting the physician to chan-
ge the anti-anginal medicine. If the-
re is any suspicion of myocardial
infarction the pharmacist must call
the emergency care team because
the success of the therapy and pro-
gnosis depend on the time past
from the coronary occlusion. The
most common error of pharma-
cists is the recommendation of an-
tispasmodics in coronary cardial-
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Table 2

The list of basic OTC drugs used for the treatment of coronary artery disease
and/or those positioned by producers as cardiac drugs (from the order
of Ministry of Public Health of Ukraine No. 166 from 26.02.2013 [4])

Trade name

Description

1) Antianginal drugs

- Nitroglycerin
- Cardiophytum
- Corvalment

- Kormentol

- Validol

- Pumpan

- Neocardil

Vasodilator (NO group)

Herbal drug with the anti-ischemic, anti-arrhythmic, cardiotonic properties
Contains menthol (coronary dilator)

Contains menthol

Contains menthol

Homeopathic medicine with the anti-anginal and lipid-lowering effect
Herbal medicine with the anti-anginal, antiplatelet, anti-oxidant effect

2) Cardioprotective drugs (correctors metabolism)

- Cardioarginin-Zdorovie
- Cardiolin

- ATP-long

- Aurocard

- Cardiplant

- Kordalon-ARN

- Cratal

- Drugs with Ginkgo Biloba
(for example, Bilobil)

Contains arginine, diarginin, magnesium, potassium, is the donor of NO, has the
cardioprotective, anti-oxidant and anti-hypoxic properties

Herbal medicine with the sedative, cardioprotective effect, increases tolerance to
exercise load

Has the membrane-stabilizing, anti-arrhythmic, anti-ischemic effect

Homeopathic medicine for treating heart failure (cardiotonic)

Cardiotonic plant (extract of hawthorn)

Homeopathic medicine for treating cardioneurosis, angina pectoris, myocardial
infarction, neuro-circulatory dystonia

Herbal medicine with the anti-anginal, cardiotonic, antioxidant, anti-arrhythmic,
antiplatelet, antihypoxia action

Have the antioxidant, vasodilatory, anti-ischemic, anti-edemic, antiplatelet, diuretic
and neuroprotective effect, and also affect the mitochondrial respiration and regulate
the vascular tone

3) Antiplatelet drugs containing acetylsalicylic acid (ASA)

- Aspirin Cardio

Contains ASA

—Corvalolum (Corvaltab)
- Barboval
- Valocormidum

- Florised
— Persen cardio
— Adonis-brom

- Cardiomagnyl ASA and Mg
- Trombolik-cardio ASA
- Acecardin ASA
- Acecor cardio ASA
- Asafen ASA
— Aspenorm ASA
- Aspecard ASA
—Thrombo ASS ASA
4) Sedatives
- Sedafiton Herbal medicine with the cardiotonic and sedative action
- Sedatif PC Homeopathic medicine with the sedative effect
- Leonuri tincture Has the sedative and hypnotic effect
—Valocordin Contains valerian, phenobarbital, peppermint oil, it has the sedative, hypnotic,

vasodilation effect

Contains peppermint oil, phenobarbital, ethyl bromoisovalerate

Contains menthol, phenobarbital, ethyl bromoisovalerate

Contains belladonna, valerian, lily of the valley, menthol, sodium bromide. Has the
sedative, antispasmodic and cardiotonic effect

Contains motherwort, hops, mint, valerian and licorice

Contains passionflower and hawthorn

Contains glycosides and potassium bromide; has diastolic, diuretic and sedative effects

Multivitamin and mineral medicines positioned in cardiology

- Triovit cardio

Vitamins By, By, B,,

— Cardonat Vitamins By, B, B,,, carnitine, lysine
- Magne B, Vitamins B,and Mg
— Asparkam Contains potassium and magnesium
- Panangin Contains potassium and magnesium
6) Lipid-lowering agents
- Nicotinic acid Has a lipid-lowering effect, improves tissue respiration
- Cardioace Contains omega-3 polyunsaturated fatty acids, garlic oil, lecithine, vitamins B, C, E, zinc,

selenium, chromium, carotenoids
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gia. If the cause of chest pains is
CHD, it is necessary to improve
the flow of blood and oxygen to
ischemic areas of the myocardi-
um, but antispasmodics lead to the
“steal symptom”, i.e. improve the
blood circulation in nonischemic
myocardial areas and reduce the
blood flow in the ischemic area [5].
Analgesics and NSAIDS also do not
give the therapeutic effect.

Noncoronarogenic cardialgias
are most often caused by intercos-
tal neuralgia on the background
of osteochondrites of the thora-
cic spine, gastroesophagus reflux
disease (GERD) and cardioneuro-
sis (in persons under 32 years old
it is called as neurocirculatory dys-
tonia in the diagnosis).

In osteochondritis the pain is
localized at one point (often in the
apex of the heart), it is associat-
ed with the rotation of the body:
«the pain comes and leaves with
crepitus», anti-anginal drugs do
not relieve pain, and duration of
this pain is from several hours to
days. To alleviate the condition be-
fore visiting a doctor administra-
tion of nonnarcotic analgesics, the
use of irritant ointments and to-
pical NSAIDs can be recommen-
ded to such patient.

Often patients take the heart-
burn symptoms for angina. The
burning nature of pain and dis-
comfort in the chest are similar
in GERD and CHD, but the terms

of appearance of pains are diffe-
rent. A patient with heartburn no-
tes the appearance of symptoms
after eating some food products
(starchy foods, coffee, sweets, etc.),
and there is no connection with
the physical activity. GERD causes
51% of retrosternal pains of non-
cardiac genesis [19]. In the case of
heartburn a pharmacist may re-
commend antacids and H,-histami-
ne blockers [1]. If the symptoms
are repeated, the obligatory con-
sultation of a doctor is required.

In cardiac neurosis pains in the
heart are sometimes caused by un-
explained reasons and are accom-
panied by different disparate com-
plaints that are not associated with
the pathology of the cardiovascu-
lar system. There is atypical mani-
festation of the pain: the patient
says about the feeling of discom-
fort, bloating, difficulty of breath-
ing. Besides, there are pronoun-
ced neurotic symptoms: complaints
of sleep disorders, phobias, ner-
vous tics. Such a patient should
consult a neurologist (a psychia-
trist), in the pharmacy conditions
the episodic use of OTC sedatives
can be recommended [2].

Chest pains can occur in dise-
ases of the bronchopulmonary sys-
tem. For example, dry pleurisy is
characterized by pain in one half
of the chest (in one side), which
is intesified when taking a breath,
coughing, increased body tempe-
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[ATO®I3I0/IOTTYHI MEXAHI3MH PO3BUTKY KAPJIAJITIN TA ®PAPMALIEBTUYHA OIIIKA [TPY BOJIAAX Y OBJIACTI
CEPLI

O0.B.I'epacumenko

HayioHaavHuil ghapmayeemuyHuii yHigepcumem

Karuosi caosa: kapdiaazis; papmayesmuyHa onika; KOpOHApO2eHHI Ma HEKOPOHAPO2eHHT NPU4UHU

Bymoeax cyyacHoi koHyenyii 8idnogidaibHo20 camo1iky8aHHsl HalibiabUy akmyaabHicmb HaBy8ae poib Npogizopa 8 oniyi
nayieHma 3a Hasi8HOCMi pi3HUX CUMNMOMI8 | CUHOPOMi8, 0CO6.1UB0 NPU WIUPOKO PO3NOBCHOHCEHUX Y BCbOMY C8IMIi 3aX80-
prosaHHsx. Cepyeso-cyOuHHa NamoJ102ist Ha cbo200HIWHIl DeHb Ma€e nepesaxcaroye 3HA4eHHs1 8 CmMpykmypi 3a2a/16Hoi 3a-
xeoptosaHocmi. ToMy 3HAHHS CUMNIMOMIB, W0 N08’s13aHi 3 X80pobamu cepysi, Makux siKk kapodianazis, 8ugyeHHs1 8IOMIHHUX
ocobsugocmell npu KOpOHAPO2EHHUX | HEKOPOHAPO2eHHUX NPUHUHAX 6e3CYMHIBHO 8U3HAYAE YCNIWHICMb NPo8edeHH s
dapmayesmuuHoi oniku nayienmis. KoponapozeHHi npuvuHu cka1adaroms He3HavHy yacmuHy eid ycix kapdiasaitl (Ha-
npukaad, 3a danumu MIRNET ecvozo 16%). Omoice, 604i 6 o6aacmi cepys He 3a83#0U BUKAUKAHI iWeMi4HOI0 X80p060H0
cepys (cmeHokapdiero abo iHpapkmom miokapda). HekopoHapozeHHi kapdiazii Moxcyms 6ymu 06yMo8/1eHi K 3aX60-
DPIOBAHHSAIMU [HWUX Op2aHi8, Mak i Heop2aHiyHUMU npuyuHamu. Hali6iabw yacmo HekopoHapozeHHI 6041 8 o6aacmi cep-
ys - Yye nposie 2acmpoesogpazoped.1rokcHoi xeopobu, mixcpebepHoi Heapazii Ha mai ocmeoxoHApo3y 2pydHo20 8iddiny
xpebma, kapdioHespo3y (HelipoyupkyassmopHoi ducmowii). ¥ cmammi po3aasiHymi ocHogHi dugpepenyiiiHo-diaeHocmuyHi
Kpumepii pisHux eapianmis kapodia/eill, AKUMU 3M0xce CKOpUCmamucsi nposizop-nepeocmoibHuK 0151 npogedeHHs Kea-
sigikosanoi papmayesemuyHoi oniku, 6Ka3aHi 03HAKU ypeeHMHUX cmaHie npu kapdiaszii. 3 yiero memotro 6ysaa onucaHa
KAIHIYHA KapmuHa cmabinbHoi cmeHokapOil, iHgpapkmy miokapda ma iHwux Halibinbw 3Ha4uMux y npogecitiniii disbHoc-
mi npogi3opa 3ax80preaHs, 3a3Hayveri liozo dii 6 pamkax doaikapcvkoi donomozu. [as onmumizayii npakmuuHoi pobomu
nposizopa 8 o02/150i npedcmaseHi 6eapeyenmypHi npenapamu kapoiosnoziuHozo npodiaio (3 Hakazy MO3 Ykpainu Ne166
810 26.02.2013 p.), HagedeHe namozeHemu4He 062pyHMy8aHHs MedukameHmosHoi mepanii OTC-npenapamamu npu pi3HuUx
npuyuHax kapoiaszill. B skocmi npakmuyuHux pekomeHoayiti 6ye po3pobaeHull aszopumm nposedeHHs 6eciou nposizopa 3
sideidysavem anmeku, siko2o myp6yroms 60.1i 8 06.1acmi cepysi i/a6o 3a zpyduHoro (a makodc y 2pyoHiill kaimuHi).

MATO®U3N0JI0TMYECKUE MEXAHU3MbI PA3BUTHUSA KAPAUAJITUA U ®PAPMALIEBTUYECKAS ONEKA
ITPU BOJIAX B OBJIACTH CEPALIA

E.B.I'epacumeHko
HayuoHaavHblil hapmayeemuieckuii yHueepcumem

Karwouesvie caosa: Kapdua/lzug; (ﬁapmauesmuqecmﬂ OneKa, KoOpoHapoeceHHble U HEKOPOHAPO2eHHble NPpUYUHbl

ByC/IOSUﬂX COBpeMeHHOl:l/ KOHYyenyuu omeemcmeeHH020 camosieveHus Hau60/1bwym aKmya/ibHocmbo npuo6pemaem posib
npoeusopa e oneke nayueHma npu Ha/au4uu pa3/1u4HblX CUMNIMOMO8 U cqupomoe, 8 ocobeHHOCMU npu wupoko pacnpo-
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CMPAHEHHbIX 8 MUpe 3a601e8aHusix. CepdevHo-cocyducmas namo/102ust Ha ce200HAWHULl OeHb UMeem npesaaupyruee
3HayeHUe 8 cmpykmype obujeli 3a60s1e6aemocmu u cmepmuocmu. [10smomy 3HaHUe CUMNIMOMO8, C8A3AHHbIX C 60/163H5-
Mu cepdya, makux Kak kapdua.i2us, uzy4eHue omauyumeabHbuIX 0C06eHHocmel npu KOPOHAPO2EHHbIX U HEKOPOHAPO2EH-
HbIX NPUYUHAX HECOMHEHHO onpedessiem ychewHocms npogedeHus hapmayesmuyeckoll oneku nayueHmos. Koponapo-
2eHHble NPUYUHbI COCMABASIOM He3HAYUMeAbHY Yacms om ecex kapduasauii (Hanpumep, no daHHbiM MIRNET scezo
16%). CaedosamenvHo, 604u 8 o6acmu cepdya He 8ce20a 8bI38AHbI UEMUYECKOU 60.1e3HbI0 cepdya (cmeHokapduel
uau uHgapkmom muokapda). HekoponapozeHHble kapouai2uu Mo2ym 6bimb 06yC108/1eHbl KAK 3a601e8aHUSMU Opy2ux
0p2aH08, Mak u Heop2aHu4eckuMu npuduHamu. Haubosee vacmo HekopoHapozeHHble 601U 8 ob.aacmu cepdya — 3mo
nposieseHue 2acmpo3azogazopedaioKcHoU 601e3HU, MexcpebepHoll Heapa2uu Ha poHe ocmeoxoHdIpo3a 2pydHo20 om-
des1a n0380HOYHUKA, KapOUOHespo3a (HellpoyupKyaamopHol ducmoHuu). B cmamwe paccmompeHsl ocHosHble dugppe-
peHyuarbHo-duazHocmu4eckue Kpumepuu pasau4HsblX 8apuaHmos kapouai2uii, KomopbLMu CMoicem 80CN0163080Mb-
€51 NpOBU30P-NEePEOCMOAbHUK 0151 nposedeHuUsl KeaauguyuposaHHol papmayesmuyieckoll oneku, yKa3aHvl NPu3HaKu
Yp2eHmHbIX cocmosiHuli npu kapduaszuu. C 3molii yeawvio 6bl1a OnUCAHA KAUHUYECKas KApMUHA cmabuibHoll cmeHoKap-
duu, uHgpapkma muokapda u dpyzux Haubo/1ee 3HAYUMbIX 8 NPOPeCCUOHANBHOL destmeabHOCmU Nposu3opa 3a60.1e6a-
Hull, yKa3zaHwl e2o delicmaus 8 pamkax dogpave6Holl nomowu. [ onmumuzayuu hpakmuyeckoll pabomsl nposu3opa 8
0630pe npedcmas./ieHbl 6e3peyenmypHule npenapams! kapouo.io2uieckozo npogua (us npukaza MO3 Ykpaunor Ne166
om 26.02.2013 2.), daHo namozeHemuyeckoe 060cHo8aHuUe MedukameHmo3sHolli mepanuu OTC-npenapamamu npu pas-
JAUYHbIX NPUYUHAX Kapouaszauli. B kauecmee npakmuveckux pekoMeHOayutl 6bi1 pa3pabomaH as120pumm npogedeHust
6ecedbl nposu3opa c nocemumesieM anmeku, KOmopozo0 6ecnokosim 6o1u e o6.acmu cepdya u/uau 3a epyduHotl (a mak-
Jice 8 2pydHOll Kaemke).
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THE EFFECT OF THROMBIN ON THE PLATELET AGGREGATION
IN PATIENTS WITH GASTRODUODENAL ULCER BLEEDING

V.Yu.Deliy, S.0.Zharikov, O.M.Sulaieva

Donetsk National Medical University named after M. Gorky

Key words: Platelets; thrombin; gastric and duodenal ulcers; acute bleeding

Haemostasis and thrombus formation are dynamic processes that require a co-ordinated series of events involving plate-
lets. It should be noted that thrombin is a significant stimulator of the thrombus formation. In this paper the platelet ag-
gregation induced by thrombin in patients with gastroduodenal ulcer bleeding has been investigated. Measurement of the
platelet aggregation has been carried out by spectrophotometry. Thrombin has been used in the concentration of 1-2 U/
ml. The level of the platelet aggregation induced by thrombin in patients with gastroduodenal ulcer bleeding constitutes
14.1+5.6% (95% CI 6.4-22.6), the distribution pattern is statistically different from the control (p=0.032). If the platelet
aggregation level reached 100%, we recorded the two-phase reversible curve. To evaluate the laboratory data the non-
parametric statistics have been used and the platelet response induced by thrombin in patients with different levels of clini-
cal and laboratory data such as demographics, complete blood count, the time from beginning of the bleeding to admission
to the hospital, anamnesis, endoscopy assessment have been compared. However, the platelet aggregation level induced by
thrombin does not depend on clinical and endoscopic data. Finally, the level of the platelet aggregation being more than
30% does not reduce the risk of recurrence of bleeding (p = 0.729).

tis known that acute bleed-

ing is a frequent and serious
complication of peptic ulcer dis-
ease [2]. Endoscopy is one of the
main diagnostic and therapeutic
methods. According to current tre-
atment programmes, the results
of endoscopy determine the thera-
peutic approach of treatment to
patients with gastroduodenal ble-
eding. Despite the well-establish-
ed use of endoscopy as a method
of estimating the severity of ulcer
bleeding nowadays the risk of re-
currence of ulcer bleeding still exists.
This is due to the fact that endo-
scopic assessment is based on the
Forrest’s classification, which al-
lows to identify whether haemo-
stasis is stable or unstable, but does
not explain the causes and me-
chanisms of haemostasis impair-
ment [5]. It should be added that
the laboratory findings of the blo-
od coagulation system used in the
clinical diagnosis are often unin-
formative [1].

Haemostasis and thrombus for-
mation are dynamic processes that
require a co-ordinated series of
events involving platelets. It should
be noted that thrombin is a sig-
nificant stimulator of thrombus
formation [8]. Thrombin is also a

trigger of inflammatory respons-
es to tissue injury and vascular wall
reparation [4, 6, 7, 8]. Nowadays
it is not known how the platelet
response to thrombin changes in
patients with gastroduodenal ul-
cer bleeding and whether this res-
ponse is connected with clinical
and laboratory data or not. In con-
nection to this, the platelet re-
sponse to thrombin is a problem
of today.

The aim of our research is to
examine the platelet aggregation
induced by thrombin in patients
with gastroduodenal ulcer bleeding.

Materials and Methods

We examined the platelet ag-
gregation induced by thrombin
in the control group (43 persons,
54+2 year-old) and in the group
of patients with gastroduodenal
ulcer bleeding (50 persons, 56+3
year-old) at the time of admis-
sion to the hospital. The platelet-
poor and platelet-rich plasma was
received by the conventional me-
thod. Measurement of the plate-
let aggregation was carried out by
spectrophotometry with the help of
an aggregometer Solar. Thrombin
(“Technology Standard”) was used
in the concentration of 1-2 U/ml.

V.Yu.Deliy — a post-graduate student of the Department of Histology, Cytology and
Embryology of the Donetsk National Medical University named after M. Gorky

To evaluate the laboratory data
we used non-parametric statis-
tics and compared the platelet re-
sponse induced by thrombin in pa-
tients with different levels of cli-
nical and laboratory findings such
as demographics, complete blood
count, the time from beginning of
the bleeding to admission to the
hospital, anamnesis, endoscopy
assessment. The last indexes inclu-
de localization of ulcers, the cha-
racterization of haemostasis by
Forrest.

Results and Discussion

The level of the platelet aggre-
gation induced by thrombin in pa-
tients with gastroduodenal ulcer
bleeding constitutes 14.1+5.6%
(95% CI 6.4-22.6), the distribu-
tion pattern is statistically differ-
ent from the control (p=0.032).
Some patients had the platelet ag-
gregation level that exceeded bo-
undary of CI, in these cases the pla-
telet aggregation was reversible.
For example, if the platelet aggre-
gation level reached 100%, we re-
corded the two-phase reversible
curve. This fact reflects the im-
pairment of thrombus stabiliza-
tion associated with the activa-
tion of GPIIb/Illa [6].

The next step of our research
was to answer the question why
the platelet response induced by
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thrombin varies so much among
different patients. With this aim
we compared the platelet respon-
se induced by thrombin in pati-
ents with different level of clini-
cal and laboratory data. Compa-
rison of the level of the platelet
aggregation among women and
men of different ages did not show
a significant influence of gender
(p=0.089) and age (p=0.63) on the
indexes studied.

Considering the importance of
endothelial dysfunction and ische-
mia in impairment of haemosta-
sis and the platelet response the
influence of the concomitant car-
diovascular disease (23 patients,
46%) and severity of bleeding on
the indexes studied was evalua-
ted. It has been found that the con-
comitant cardiovascular disease
(p =0.719) and the severity of is-
chemia (p = 0.674) do not influ-
ence the given indexes.

Based on the fact that impair-
ment of the blood clotting system
is always associated with impair-

ment in the platelet response we
evaluated the influence of diffe-
rent levels of fibrinogen on the in-
dexes studied. However, different
level of fibrinogen did not influ-
ence the index (p = 0.606). There-
fore, impairment of haemostasis
in cases of acute gastroduodenal
bleeding is not connected with im-
pairment of the interaction of the
blood clotting system and plate-
lets but it is rather the result of im-
pairment of the platelet response.

The last step of our research
was to identify the relationships
between the severity of inflamma-
tion and the platelet aggregation
level. It has been found that there
is no significant difference in the
platelet aggregation level in pa-
tients with the different erythro-
cyte sedimentation rate (p = 0.008).
However, the severity of leukocy-
tosis significantly affects the in-
dex studied (p = 0.448).

To identify the prognostic va-
lue of the platelet aggregation le-
vel induced by thrombin we de-
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CONCLUSIONS
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BIIV/IMB TPOMBIHY HA ATPETAIIIIO TPOMBOLMTIB Y NALIEHTIB 3 BUPASKOBHMMH KPOBOTEYAMU

TACTPO/JIYOJEHA/IbHOI 30HU
B.10.JJeniii, C.0.XKapikos, 0.M.Cynaeea

JloHeybkuii HayioHaabHUil meduyHuii yHieepcumem im. M.Iopbkozo

Karwouogi caoea: mpomboyumu; mpom6iH; supaska wayHkd i deaHadyssmunaoi KUWKU; 20cmpa Kposomeua

Temocmas € QUHAMIMHUM npoyecom, SKull suMazae KoOpOUHOBAHOI po6omu 8eauKoi KiibKocmi IAHOK, 8 MoMy 4uci i
mpom6oyumis. [HWorw He MeHW 8aXiCAUB0H AAHKOIO, SIKA bepe yuacmb 8 azpezayii mpom6oyumis, € mpoMm6iH. Y 3anpo-
noHosaHitl po6omi mu sumipsiau azpezayio mpoméoyumis, iHOyKo8aHy mpom6iHOM, y X80pUX 3 KDOBOMEUAMU 3 8UPA30K
2acmpodyodeHanbHoi 30HU. BumiprosanHs azpezayii mpom6oyumie 30ilicHio8as0csi cnekmpogomomempu4HUM Memo-
dom. Tpom6iH sukopucmosysaau 8 konyenmpayii 1-2 MO/ma. BcmaHossieHo, wjo azpezayis mpomboyumis, iHdykosaHa
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mpoM6IHOM, y 2pyni Xopux 3 8UPA3KO8UMU kKpogomevamu cmaHosuaa 14,1+5,6% (95% /A1 6,4-22,6), po3nodia cmamuc-
Mmuy4Ho 3Ha4uMo 8idpizHsecs 8id konmpoto (p = 0,032). llikaso, wjo 8 mux sunadkax, Ko/u NOKA3HUK Nepeauuiysas Mexici
A1, azpezayis mpomboyumie Hocu1a 3860pomHuli xapakmep. PizHa 8i0nogide mpomb6oyumie Ha mpomMOiH cmumy08ana
do nowyky gakmopis, aKi Moxcyms 3ymoear0eamu 8idMiHHocmi 8 peakmusHocmi mpomboyumis. [l4s yvo020 mu nopie-
HsLAU azpezayiro mpom6oyumis, iHOyKo8aHy mpoM6iHOM, y X80PUX 3 PIZHUM pieHeM KAIHIKO-1a60pamopHuUX NOKA3HUKIE,
a came: demoepagdiuHux gakmopis, NOKA3HUKi8 Kposi, msjckKocmi kpogomedi, yacy 3 no4amky KAiHiuHoi manigecma-
yii do Momenmy 2ocnimanisayii, anamHesy, daHux eHdockonii. BcmaHoeseHo, wo azpezayis mpomboyumis, iHdykosaHa
MpoMm6iHOM, He 3a1excumb 8id KAiHiYHUX | eHdockoniyHux daHux. Hapewmi, usueHHs1 83A€M0O38 3Ky Midc azpezayiero
mpom6oyumis, iHOyKo8aHO MPOMOIHOM, I pe3yabmamoM 3axXe0pr8AHHs NOKA3A/10, WO 36epeiceHHs 8i0nogidi mpom-
6oyumis 6iavuie 30% He 3HUNCYE PU3UKY 8UHUKHEHHS peyudusy (p = 0,729).

BJIWAHUE TPOMBUHA HA ATPETALIMIO TPOMBOLIMTOB Y BOJIbHBIX C KPOBOTEYEHUAMMU U3 A3B
TACTPOAYOJAEHAJ/IbHOH 30HbI

B.10./leauti, C.0.Kapukos, 0.H.Cys1aeesa
/JoHeykuii HayuoHa1bHLI MeduyuHcKull yHugepcumem um. M.I'opskozo
Karouesvle c106a: mpomboyumusl; mpom6uH; 5138a Jceayoka u deeHadyamunepcmuoll KUWKU,; 0ocmpoe KpogomeyeHue

Temocmas sie51.emcest OUHAMUYECKUM NPOYECccoM, Komopblil mpebyem KoopOUHUPOSAHHOU pabombl 604bW020 KOAUYECMBA
38€HbEB, 8 MOM HUC/AEe U MPOMOOYUMO8. Jpy2um He MeHee 8aNCHbLIM 36eHOM, KOMOpoe yuacmeyem 8 azpe2ayuu mpom-
6oyumos, si.8a1s5emcst mpomouH. B danHoll pabome nposedeHo usmepeHue azpezayuu mpom6oyumos, UHOyyupo8aHHou
MPOMOUHOM, y 6O/IbLHBIX C KPOBOMeEUeHUSMU U3 538 2acmpodyodeHa1bHoll 30Hbl. H3MepeHue azpezayuu mpom6oyumos
npogodusock cnekmpogdomomempuueckum memodom. Tpom6uH ucnovzosanu 8 konyenmpayuu 1-2 ME/ma. Yemaros-
JIeHo, Ymo azpez2ayusi mpomboyumos, UHAyyupo8aHHast mMpoMOUHOM, 8 2pynne 60AbHbIX C I36EHHbIMU KPOBOMEYEHU-
amu cocmasasina 14,1+5,6% (95% [H 6,4-22,6), pacnpedeseHue cmamucmu4ecku 3HaQ4UMO omau4a/10cb 0om KOHmMpo-
451 (p = 0,032). HHmepecHo, ymo 8 mex c/y4asix, ko2dd nokazame/b npegvluiaa epaHuysl [H, aepecayusi mpomboyumos
umesia o6pamumblil xapakmep. PasziuuHblli omeem mpom60yumos Ha MpoMOUH CMUMYAUPO8A K NOUCKY pakmopos,
Komopble Mo2ym npedonpedessimsb pasAu4us 8 peakmusHocmu mpom6oyumos. [l1s 3mozo Ml CpasHUAU dzpe2ayuro
mpom60yumos, UHOYYUupO8aHHYH MPOMOUHOM, Y 60IbHBIX C PA3HBIM YPOBHEM KAUHUKO-1a60pamopHbuIX hokasameel,
a umeHHo: demozpagudeckux gakmopos, nokazamesell Kpogu, msxcecmu KpogomedeHusl, 8peMeHU 0m KAUHUYeCKOU
MaHugecmayuu 0o MomMeHma socnumaau3ayuy, aHamHe3d, aHHbIX 3HOOCKONUU. YCmMaHo8/eHo, Ymo azpezayust mpoM-
60yumos, UHOYYUpPO8AHHAS MPOMOUHOM, HE 3A8UCUM OM KAUHUYECKUX U 3HJoCKonuyeckux 0aHHbIX. HakoHey, usyveHue
s3aumocsszu mexcdy azpezayuell mpomboyumos, UHOyyuUpo8aHHol mpoMOUHOM, U UCXO0OM 3a60/1e8aHUSI NOKA3A10, YMO
coxpaHeHue omeema mpomboyumos 6o.1ee 30% He cHUx caem pucka 803HUKHogeHus peyudusa (p = 0,729).
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SCIENCE-TO-PRACTICE APPROACH TO POSITIONING
OF “CLIMASED” HERBAL MEDICINE

V.K.Iakovenko, Z.M.Mnushko*

Institute of Pharmacy Professionals Qualification Improvement of the National University
of Pharmacy
National University of Pharmacy*

Key words: comparative positioning; “Climased” herbal medicine

A competitive positioning of the herbal medicine “Climased’, oral drops, has been carried out. The most expressed phar-
macological effects of “Climased” medicine are sedative, hypotensive, spasmolytic, anti-inflammatory and choleretic. Ac-
cording to the results of marketing analysis the main medicines-competitors and 7 basic segments of consumers of the
medicine studied have been determined. The segments of customers with such indications for “Climased” use as neurogenic
headache, mild and medium arterial hypertension, climacteric syndrome are promising for positioning. Twenty six medi-
cines have been selected, including “Climased”; and their comparative characteristic has been performed by the following
parameters: the number of indications that are common with “Climased”; the number of side effects and contraindications;
a medicinal form of the medicine; average daily cost of treatment. The cost of daily treatment with the medicines under re-
search ranging from 0,17 UAH to 10,17 UAH has been calculated. For “Climased” it equals 2,14 UAH; this fact describes it as
a comparatevely cheap medicine. The matrix of the main criteria of “Climased” positioning has been created. The following
parameters are referred to the characteristics of successful positioning with a mean and high probability: a great number
of indications, a wide spectrum of the pharmacological action, the absence of expressed side effects, easy to use medicinal
form and relatively low cost of treatment. The results of general estimation of technological and economical indices of “Cli-
mased” has proven that these oral drops substantially exceed the herbal medicines-competitors studied from the subgroup

NO5C M50 “Other soporific and sedative medicines, including combinations” according to the ATC-classification.

reation of a new original

medicine requires the com-
pany-producer to position its mar-
ket offer by some means or other.
Positioning means actions on de-
veloping the company’s offer and
image directed to hold a separa-
te favourable position in conscious-
ness of the target group of custo-
mers. The final result of the drug
positioning is a successful crea-
tion of the market-oriented offer
of the product value - a simple
and clear statement that clarifies
why exactly the target audience
should buy and use products of
this company [2, 3, 5]. The adequa-
te position to the market is stea-
dy, protected and adapted to fu-
ture development. The position
can evolve and vary according to
the market environment and the

product life-cycle stage [1, 7, 10].
The following approaches to po-
sitioning can be distinguished: po-
sitioning as comparison of simi-
lar products and positioning as
customers informing.

Based on the analysis of the
customer’s needs the opportuni-
ties for comparative positioning
of a drug can be defined as follows:
on the background of specific cha-
racteristics (efficiency, potency, num-
ber of indications, side effects, to-
lerance, the speed of the effect on-
set, drug cost in comparison with
analogues); by the way of appli-
cation (dosing schedule, mode of
drug administration, usability); by
the customer’s advantages (the cost
of daily treatment or the cost of
the course of treatment, drug ac-
tion duration); in relation to the

V.K.lakovenko — Candidate of Pharmacy, associate professor of the Department of
Industrial Pharmacy and Economy of the Institute of Pharmacy Professionals Qualification
Improvement of the National University of Pharmacy (Kharkiv)

Z.M.Mnushko — Doctor of Pharmacy, professor, head of the Department of Management
and Marketing in Pharmacy of the National University of Pharmacy (Kharkiv)

end consumer or a patient (the pos-
sibility of using by special groups
of patients - children, elderly age
group; use in a chronic or an acu-
te disease; depending on severity
of a disease; depending on thera-
peutic aims - medicinal or preven-
tive); in relation to a medicine-com-
petitor; in relation to the pharma-
cotherapeutic group of medicines;
in relation to the elements of the
marketing mix (package design,
package size, etc.) [2, 4]. The aim
of our work was the market po-
sitioning of the herbal medicine
“Climased”, oral drops, by Zhyto-
myr “SCE “Pharmaceutical facto-
ry” JSC.

Materials and Methods

To achieve the goal the level
V subgroup of the ATC-classifica-
tion NO5C M50 “Other soporific
and sedative medicines, including
combinations” has been analyzed;
from it the combined herbal drugs
registered at the Ukrainian phar-
maceutical market as of 2013 have
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Fig. 1. Comparative analysis of pharmacological effects of “Climased” medicine in other combined herbal sedative
drugs: 1 — diaphoretic; 2 — expectorate; 3 — antiemetic; 4 — antihistaminic; 5 — antiviral; 6 — renewal of saprophytic
microflora; 7 — metabolic process improvement; 8 — anticlimacteric; 9 — elimination of weak dysmenorrhea;

10 — elimination of toxicosis of pregnancy; 11 — anticonvulsive; 12 - diuretic; 13 — hypotensive; 14 — estrogenic;
15 — analgesic; 16 — antibacterial; 17 — anti-inflammatory; 18 — sedative; 19 — arrhythmic; 20 — hypersecretion of
gastric glands; 21 — choleretic; 22 - spasmolytic

been identified; a comparative ana-
lysis of their specific characteris-
tics has been carried out. Accor-
ding to the results of analysis 26
medicines have been selected, in-
cluding “Climased”; and their com-
parative characteristic has been
performed by the following para-
meters: the number of pharma-
cological effects that are similar
with “Climased”; the number of in-
dications that are common with
“Climased”; the number of side ef-
fects and contraindications; a me-
dicinal form of the medicine; ave-
rage daily cost of treatment.

Results and Discussion

Among the most expressed
pharmacological effects of “Clima-

2 drugs

12 drugs

10 drugs

16 drugs

Fig. 2. Comparative analysis of the main segments of customers of “Climased”

sed” medicine there are sedative,
hypotensive, antispasmodic, anti-
inflammatory and choleretic ones.
However, the effects mentioned are
typical for the most of the drugs-
analogues analyzed. Therefore, with
the purpose of more profound stu-
dy of pharmacodynamics of the
medicines selected we have con-
ducted analysis of pharmacologi-
cal effects of all plants in their com-
positions, and compared their quan-
tity with the number of effects that
are typical for the plants in the
composition of “Climased” (Fig. 1).
Among 22 diverse pharmacologi-
cal effects of “Climased” such ef-
fects as anticonvulsive, antieme-
tic, antihistaminic, expectorant, an-
tiviral, diaphoretic, anticlimacte-

24 drugs

24 drugs

rical were the the rarest ones for
drugs of the selected group. These
effects are typical for less than ten
comparative medicines, including
“Dormiplant”, “Sedative tea”, “Per-
sen”, “Relaxil”, “Sedasen”, “Phyto-
sed” and “Novo-passit”, which is
the only medicine possessing all
22 effects of “Climased”. Despite
the fact that the effects listed abo-
ve are less expressed than the main
ones, they can play a key role for
the drug use in the complex treat-
ment of neurosis of various ge-
nesis.

One of the most widespread
approaches to the segmentation
of the market of a particular group
of medicines is the segmentation
on the basis of diseases the drugs

Sleep disturbance

& Restlessness, nervous tension,
hyperexcitability, irritability

= Neuradynamia, overstrain
(manager’s syndrome),
distraction

Neurogenetic headache

(] Mild and medium hypertension

[] Climacteric syndrome

7 |mprovement in health
- of elderly people
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The matrix of “Climased” positioning criteria
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(24 medicines-competi-

prescribed [8]. According to the
results of analysis of indications
for “Climased” seven basic seg-
ments of customers have been se-
lected (Fig. 2). In the list of indi-
cations that are typical not only
for “Climased”, but also for the most
of combined sedative herbal me-
dicines the following indications
can be distinguished: sleep dis-
turbance, restlessness, nervous
tension, hyperexcitability, irrita-
bility; neuradynamia, distraction,
overstrain (the “manager’s syn-
drome”). Besides, “Climased” is in-
dicated for the treatment of neu-
rogenetic headache, mild and me-
dium arterial hypertension, the cli-
macteric syndrome and for impro-
vement of elderly people health.
These indications are common for
significantly less number of drugs
from the group analyzed; among
them there are such medicines as
“Climapin”, “Menovalen”, “Novo-
passit”, “Relaxil”, “Sedavit”, “Seda-
sen”, “Sedafiton”, “Florised”. That
is why these particular segments
are supposed to be key ones for
“Climased”positioning.

Such drug characteristic as its
safety is also of great importance,
i.e. characteristics of side effects
[6, 9]. “Climased” has shown no
expressed side effects, that is why
itis an important criterion for its
positioning. The main disadvan-
tage of sedative medicines is their
specific side effect - drowsiness,
which makes the patients’ quali-
ty oflife considerably worse. How-
ever, when taking “Climased” the
given side effect develops only in
case of a significant overdose. It
should be noted that “Dormiplant”
and “Climapin” can be also added
to the list of medicines with the
absence of expressed side effects.

The use of “Climased” is con-
traindicated in pregnancy and lac-
tation period, to children under
18 and people who drive a car or
operate machinery when the con-
centration of attention is required.
Nevertheless, for most of drugs of
this group not only these contrain-
dications are typical, but also ar-
terial hypertension, gastrointesti-
nal, hepatic and renal diseases, athe-
rosclerosis, glaucoma, myasthenia,

etc. Besides, some medicines can
cause photosensitivity. This also
significantly decreases the number
of potential customers of these
drugs. Taking into consideration
all stated above “Climased” can
be positioned as a medicine per-
mitted to use for most of groups
of patients with various diseases.

Based on the data of analysis
of combined sedative herbal me-
dicines it has been found that most
of them are prepared in the form
of tablets, capsules and teas. How-
ever, liquid medicinal forms have
significant advantages in use, such
as usability and adjustment of the
individual dose of the drug, the-
rapeutic effect controllability in
terms of time and potency, pos-
sibility of using by patients, who
take solid dosage forms with dif-
ficulty. Among these medicines there
is “Klimapin” and “Fitosed” tinc-
tures, “Flora” elixir, “Florised-Zdo-
rovye” syrup, “Novo-passit” solu-
tion. However, drops have a great
advantage among liquid medici-
nal forms, and it is exactly the form
that “Climased” is manufactured
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in. That is why this fact is also an
integral part of its positioning.

We have also analyzed the cost
of medicines from the group un-
der study. As a key indicator the
treatment cost per day was used
on basis of the average retail pri-
ce for medicines as of August, 2013.
The results obtained are in the ran-
ge of 0,17 UAH to 10,17 UAH. The
cost of daily treatment with “Cli-
mased” equals 2,14 UAH; this fact
describes it as a comparatevely
cheap medicine despite the reta-
il price for a package does not al-
most differ from the price for the
most medicines analyzed and it is
38,10 UAH. First of all, it is con-
nected with a low dose of “Clima-
sed” per day, and it allows using
one package of the medicine for
longer period of time than other
drugs.

Based on the results obtained
we have created a matrix of the
basic criteria of “Climased” posi-
tioning (Table). In the matrix ho-
rizontally there is the significan-
ce level of separate characteris-

1. Anmunog K.B. OcHogbl pekaambil.

tics of the medicine described abo-
ve (significant, moderate, insigni-
ficant); vertically - the probabili-
ty of successful positioning of the
givencharacteristics based on the
share of medicines-competitors
with the same properties (a high
probability — 0-20% of medicines-
analogues, the mean probability -
21-50%, the low probability - 51-
100%).

Fields of the key criteria of po-
sitioning obtained in the middle
of the matrix, have different values.
Characteristics placed in the quad-
rants of “HS”, “HM” and “MS” are
of the greatest importance and have
the biggest influence on the drug
positioning. The criteria placed in
the fields of “HI”, “MM”, “LS” have
a complementary character in po-
sitioning of the medicine. Characte-
ristics that are in the quadrants
of “MI”, “LM”and “LI” usually do
not have any influence on deve-
lopment of the drug position, which
is different from other analogues.
However, their presentation as-
sists the enterprise to find “weak
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HAYKOBO-IIPAKTUYHUIA MIAXIA 40 MO3ULIIOHYBAHHA POCJIMHHOTO JIIKAPCBKOT'O ITPENNAPATY «K/JIIMACE/Z»
B.K.fIlkoeenko, 3.M.MHywko*

Incmumym nidsuujeHns keanighikayii cneyianicmie ghapmayii HayionaasHozo dhapmayeemuuHozo yHieepcumemy,
HayioHaasHuii hapmayeemuyHuii ynieepcumem*

Katouosi caoea: koHKypeHmHe no3uyioHy8aHHs,; pocAuHHUU Aikapcbkull npenapam «Kaimaced»

[IposedeHo KOHKypeHmMHe no3uyioHy8aHHs POCAUHHO20 Aikapcbkozo npenapamy «Kaimaced», kpanai opaavHi. [o Hatl-
6inbw supaxceHux apmakosozivHux egpekmis npenapamy «Kaimaced» gidHocamucsi cedamusHutl, 2inomeH3usHull,
cnasmoaimuyHull, npomu3anaabHUll ma H#oe4o2iHHUlL. 3a pe3y1bmamamu MapKkemuH208020 AHAAI3Y BUSHAYEH] OCHOBHI
npenapamu-KOHKypeHmu, 8CMaHoe./1eHi 7 0OCHOBHUX Ce2MeHmMig cnosxcusa4ie 0ocaioxiysanozo Aikapcbkozo 3aco6y. [lepcnek-
MUBHUMU 0/151 NO3UYIOHYBAHHS € Ce2MeHMU CNONHCUBAYie 3 NOKa3aHHAMU do 3acmocysaHHs «Kaimacedy» npu HellpozeH-
HOMY 20/108HOMY 60,110, apmepiaabHili 2inepmeH3sii 1e2k020 ma nomMipHo20 cmyneuis, KAiMakmepu4Homy cuHopomi. Byau
8idibpani 26 nikapcbKux 3aco6is, ekarouaivu npenapam «Kaimaced», ma nposedeHo ix nopisHs1bHY Xxapakmepucmu-
Ky 3a HOCMyNHUMU 03HAKAMU: KiibKicmb gpapmakonozivHux eghekmis, cninbHuXx 3 efpekmamu npenapamy «Kaimaced»;
KIZIbKicmb NOKA3aHb 00 3aCMOoCy8aHHsl, CNi/IbHUX 3 1i020 NOKA3AHHAMU; KiAbKicmb no6iYHUX ehekmis; KinbKicmb npo-
munokasamy; Aikapceka opma npenapamy; cepedHbo3eaxceHa 00608a sapmicms aikysanHs. Po3paxosano eapmicmb
do608020 11iKysaHHs npenapamamu 0ocaidxcysaHoi epynu, ska sHaxodumucs y dianasoni id 0,17 do 10,17 2pH. [as
npenapamy «Kaimaced» eoHa ckaadae 2,14 2pH, ujo xapakmepu3ye (io2o sik nopigHsiHo dewesull aikapcbkuli 3aci6. Ilo-
6ydosaHo Mampuylo 0CHOBHUX Kpumepiie no3uyioHyeauHs npenapamy «Kaimaced». [lo xapakmepucmuk 3 cepedHb010
ma sucokoto 8ipozidHicmio 8041020 NO3UYiOHYBAHHS 8I0HECEeHI: 8eAUKA KiAbKICMb NOKA3aHb 00 3aCMOCY8AHHS, WUPO-
Kuli cnekmp papmakosnozivHoi dii, gidcymuicmsb gupasiceHux no6iuHux edpekmis, 3pyyHa sikapcoka ghopma ma 8i0HOCHO
HU3bKa 8apmicmb AiKy8aHHs. 3 3a2a/16HO0 OYIHKOI0 MEeXHO/02IYHUX MA eKOHOMIYHUX nokasHukie «Kaimaced», kpanai
opa/bHi cymmeso sunepedicae po3aAsHymi npenapamu-KOHKYpeHmu pocAUHHO20 NoxodxceHHs 3 nidzpynu NO5C M50
«[Hwi cHOOiliHi ma cedamugHi npenapamu, 8xkauar4u kom6iHayii» 3a ATC-kaacugikayiero.

HAYYHO-TIPAKTUYECKHUI 10XO0/ K MO3ULIMOHUPOBAHHUIO PACTUTE/ILHOTO JIEKAPCTBEHHOTO ITPEITAPATA
«KJIMIMACE[»

B.K.fIkosenko, 3.H.MHywKo*

Hucmumym noeviweHus keasaugukayuu cneyuaaucmoe gpapmayuu HayuonasHozo hapmayeemuveckozo
YyHueepcumema, HayuoHaavHbulii hapmayeemuyeckuii yHueepcumem*

Kawuesvle cnosa: KOHKYpeHmMHoe no3uyuoHuposaHue; pacmumeﬂbelﬁ /leKapcmeeHHbuZ npenapam «Kaumaceo»

IIposedeHo KOHKypeHmMHOe N03UYUOHUPOBAHUE pacmumebH020 1ekapcmeeHHo20 npenapama «Kaumaced», kanau opase-
Hble. K Haubosee sbipasceHHbIM papmakosozuveckum sgpgpekmam npenapama «Kaumaced» omuocamess cedamusHbitil,
2UNomeH3U8HbIll, CNazmMoAuUMuUYecKuli, N(pomueo8ocnaIUMeAbHbIll U Jce4e2oHHbIL. 1o pesyabmamam MapkemuHz080-
20 aHa.au3a onpedesieHbl OCHOBHblE NPenapambl-KOHKypeHmul, yCMaHoe/1eHbl 7 0CHOBHbIX CeaMeHmoe nompebume.ell
uccsaedyemozo iekapcmeeHHo20 cpedcmaa. [lepchekmugHbIMU 0151 NO3UYUOHUPOBAHUS S18151I0MCs1 cezMeHMbl nompe6u-
mesiell c NOKA3aHUSAIMU 04151 hpuMeHeHUs «Kaumaceda» npu HelipozeHHOU 20108HOU 601U, ApMepPUAIbHOU 2unepmeH3ulU
Js1e2Koli U cpedHell cmeneHu, KAuMakmepu4eckom cuHdpome. OmobpaHsvl 26 1eKapCmMeeHHbIX Cpedcms, 8KA04AS hpe-
napam «Kaumaced», u npogsedeHa ux cpagHUMe/AbHAs1 XApaKmMepucmuka no ci1edyowum NpusHaKaMm: Koau4ecmao no-
Ka3aHUll K NpUMEHeHU0, 00WUX C e20 NOKA3AHUSIMU; KOU1ecmao No604HbIX 3P ekmos; koauyecmao npomugonokasa-
HUll; 1ekapcmeeHHas opma npenapama; cpedHecymo4Hast CmoumMocms eveHus. Paccuumana cmoumocms cymo4Ho20
J/1eveHusi npenapamamu uccaedyemoli epynnul, komopas Haxodumcs 8 duanasoHe om 0,17 do 10,17 2pH. /[las npenapama
«Kaumaced» ona cocmasasiem 2,14 epH, umo xapakmepusyem e2o KaK cpagHuUme1bHo dewesoe ekapcmeeHHoe cped-
cmso. [locmpoeHa Mampuya 0CHOBHbIX Kpumepues no3uyuoHuposarus npenapama «Kaumaceo». K xapakmepucmukam
co cpedHeli U 8bICOKOL 8epOSIMHOCMbI YOA4HO20 NO3UYUOHUPOBAHUSI OMHECEHbL: 60/1blUIoe KOAUYecmao Noka3aHull K
npumMeHeHU0, WUPOKUU cnekmp gapmako102uieckozo deticmaus, omcymcmaue 8blpaiceHHbIX N060YHbIX 3P Phekmos,
y006Has nekapcmeeHHast GopMa u 0MHOCUMENbHO HU3KASL CMoumMocmb seveHust. [1o o6ujell oyeHke mexHo102uveckux
U 3KOHOMUYeckux nokazamesell «Kaumaced», kanau opanbHsie 3HAYUMEAbLHO NPesoCcXodum paccmompeHHble npenapa-
Mbl-KOHKYpeHMbl pacmumesibHo20 npoucxodcdeHust nodzpynnul NO5C M50 «/py2ue cHomgopHble u cedamugHble npenapa-
mbl, 8KA0O4AS KoMOUHayuu» no ATC-kaaccudukayuu.
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EXPERIMENTAL STUDIES OF THE WOUND-HEALING ACTION
OF INULA HELENIUM AND INULA BRITANNICA THICK EXTRACTS
ON THE CONVENTIONAL INJURY MODEL (PHANTOM) IN RATS

A.Yu.Butko

National Medical University named after 0.0.Bogomolets

Key words: Inula Helenium; Inula Britannica; wound-healing action; IpSquare programme

The search of new medicines among the plant substances possessing a wound-healing effect has become important and
one of the priority trends in modern medicine. This article presents the experimental studies of the wound-healing action
of Inula Helenium and Inula Britannica thick extracts on the conventional injury model in rats; they contain a complex of
biologically active substances mainly polysaccharide with the content ranging from 3.46 to 16.7%. Such characteristics as
the area of wound-healing and the rate of healing of the wound surface have been determined in the research. The clinical
observations included the visual assessment of the animals’ state: changes in activity, behaviour and appetite. Besides, such
an integral index as the body weight was recorded at certain periods of time. To evaluate the effectiveness of treatment
we have calculated a daily reduction of the wound area (the area of wound-healing) when applying tests-samples 1 and
2 on the basis of Inula Helenium and Inula Britannica. The samples studied show a marked wound-healing activity, ac-
celerate proliferative processes in the wound and make connective tissues with the soft scar formation. It is accompanied
with stimulation of the epithelium regeneration, its functional characteristics restoration. The area of wound healing on
the 17-th day of the experiment using the extract of Inula Helenium was 9.8+2.4 mm? and the extract of Inula Britannica -
14.2+1.8 mm?. It indicates a more pronounced effect of test-sample 1.

C urrently, in order to pre-
vent and treat diseases of
various etiology, including eco-
logically causative agents, medi-
cines based on such biologically
active substances as polyphenols
and polysaccharides have become
common at the pharmaceutical
market. Numerous studies have
shown that medicines based on
polysaccharides possess the im-
mune-enhancing, antibacterial, an-
tioxidant, hypolipidemic, wound-
healing effects [3-6, 9-12].
Thick extracts of the plants
studied contain a complex of bio-
logically active substances main-
ly polysaccharide with the con-
tent ranging from 3.46 to 16.7%.
In this case the study of the
wound-healing activity of the bio-
logically active substances com-
plex of Inula Helenium and Inula
Britannica is of current interest.
In accordance with up-to-da-
te concepts, the pathological pro-
cess course in the wound irres-
pective of its causes involves three
consistent phases: the first one is
purulonecrotic, the second one is
formation of granulations, the third
one is the epithelialization pha-

se, which transfer one into another
smoothly and can not be differen-
tiated distinctly [2, 8].

The aim of this work was to
investigate experimentally the ef-
fect of thick extracts of two Inula
types on the wound-healing pro-
cess.

Materials and Methods

The research was carried out
on the Wistar rats males with their
initial body weight of 300-350 g.
The rats were kept in the vivari-
um standard conditions at the tem-
perature of 22-24°C and the rela-
tive humidity of 30-70% with free
access to forage and water.

Standard wounds were repro-
duced on the anterior depilated
area of the animals after the intra-
abdominal injection of thiopental
sodium in the dose of 50 mg/kg
[1]. The conventional wound was
formed by removal of the dermal
area of 2 cm x 2 cm (4 cm?) in size
[7]- The wound surface was irriga-
ted with 3% hydrogen peroxide.

The animals were divided into
three groups containing 6 rats in
each: the first group of animals -
the control (the conventional wo-
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und), which were not treated af-
ter the injury process reproduc-
tion; the second group of animals
treated with the Inula Helenium
thick extract after the injury pro-
cess reproduction (test-sample 1);
the third group of animals recei-
ved treatment with the Inula Bri-
tannica thick extract after the in-
jury process reproduction (test-
sample 2).

The treatment was started 24
hours after wounds reproduction
until they healed completely.
Tests-samples 1 and 2 were ap-
plied onto the wounds in the form
of thick water extracts in the do-
se of 0.05 ml/cm?. The area of wo-
unds was measured daily (except
the days off) up to the terminal
scab rejection.

Such characteristics as the area
of wound-healing and the rate of
healing of the wound surface were
determined in the process of re-
search.

The area of wound-healing (S,,)
was determined by the formula:

Swh = Sdr - Sdbr (mmz)'

where: S, - is the area of the wo-
und on the day of registration in
the course of the experiment, mm?;
Sayr — 1S the area of the wound on
the day before registration, mm?.
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The rate of healing (V) of the
wound surface was calculated by
the formula:

th = Swh / n (mmz/daY)'

where: S, - is the area of wound-
healing, mm? n - is the number
of days of treatment at the time
of registration.

The clinical observations in-
cluded the visual assessment of
the animals’ state: changes in ac-
tivity, behaviour and appetite. Be-
sides, such an integral index as the
body weight was recorded at cer-
tain periods of time.

To identify the wound-healing
ability of the medicines lpSquare
programme was used.

Results and Discussion

No deviations from the norm
have been found while observing
the general state of the rats, their be-
haviour, appetite and water intake.

To evaluate the effectiveness
of treatment we calculated a daily
reduction of the wound area (the
area of wound-healing) when ap-
plying tests-samples 1 and 2. The
data are given in the Table.

While comparing the efficien-
cy of the wound-healing effect of
the samples studied it has been
shown that in comparison with
the control group there was a sta-
tistically significant increase of the
wound healing area in 4, 5 and
12 days after the day of the wound
reproduction in the group of ani-
mals treated by test-sample 1, but
in those treated by test-sample 2 -
in 4, 7, 10, 14 and 18 days. The
fastest reduction of the wound area
was observed during the first week
of treatment. The wound healing
dynamics analysis has shown that
the total wound healing in ani-
mals treated by test-samples 1
and 2 occurred in 18 days after
wounds reproduction, whereas in
animals from the control group -
in 22 days.

In 5 days after the start of the
treatment the tissues edema de-

Table

The area of wound-healing dynamics (mm?) in rats with
conventional wounds when applying tests-samples 1 and 2

(M£m; n = 6)
Days of Experimental groups
treatment Control Test-sample 1 Test-sample 2
1 - - -
2 39.5£11.6 57.5£10.6 54.5£11.8
3 16.3+2.9 43.3+16.6 35.2+7.8
4 26.0+5 73.7489* 84.7+12.0*
7 83.5+10.0 19.8+4.1 * 92+9.2 *
8 26.8+5.9 73.2+£21.0 4551174
9 66.7+8.6 34.0£13.4 59.8+£1.18
10 39.2+3.1 22.5£2.6 8.2+0.40 *
11 14.3+29 19.5£2.5 25.2+3.8
14 24.7+4.0 9.7+2.2*% 7.2+1.7*
15 8.5+1.9 7.812.2 10.5%£1.6
16 5.3+1.3 8.2+2.6 8.0+3.0
17 45+16 9.8+2.4* 142+1.8*
18 5.2+1.1 - -
21 5.0£1.3 - -
22 2.7£0.9 - -

Note: * - p < 0.05

creased in animals of the control
group, however, the wound heal-
ing was slower in comparison with
groups of animals that were tre-
ated. In contrast to the control rats
the wounds of the experimental
animals the beginning of granu-
lation development was registe-
red in 8 days after the wound re-
production. They looked like a bright
red, granular, wet, glittering tissue
originating from the scar tissue
filling the defect resulted from in-
jury and putting the wound edges
together.

Thus, based on the research
carried out concerning the effect
of thick extracts of Inula Heleni-
um and Inula Britannica on the
wound-healing dynamics of the
dermal conventional injuries in
rats the conclusion can be made
that the samples studied show a
marked wound-healing activity, ac-
celerate proliferative processes in
the wound and make connective
tissues with the soft scar forma-

tion. It is accompanied with sti-
mulation of the epithelium rege-
neration, its functional characte-
ristics restoration.

CONCLUSIONS

1. Thick extracts of the Inula
Helenium and Inula Britannica stu-
died possess an expressed wound-
healing action.

2. The total wound healing in
animals treated by test-samples 1
and 2 occurred in 18 days after
wounds reproduction, whereas in
animals of the control group - in
22 days.

3. The area of wound healing
on the 17-th day of the experiment
using the extract of Inula Heleni-
um was 9.8+2.4 mm? and the ex-
tract of Inula Britannica - 14.2+
+1.8 mm?. It indicates a more pro-
nounced effect of test-sample 1.

Perspectives for further research.
Further research will be aimed
at studying the blood biochemi-
cal indices of the animals inves-
tigated.
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EKCIIEPUMEHTA/IbHE BUBYEHHA PAHOSA_I‘O!OBAJILHOi JIi TYCTUX EKCTPAKTIB OMAHY BUCOKOT'O TA OMAHY
BPUTAHCBKOT'O HA MOJEJII TPA®APETHOI PAHHU Y LIIYPIB

A.I0.Bymko
HayioHaavHuii MmeduuHulil yHieepcumem im. 0.0.602oMoA6Ys

Katouosi cno8a: omaH sucokuli; oMaH 6pumancsKuli; paHo3azo0r08aabHa akmugHicmy; npozpama IpSquare

Iowyk Hosux npenapamie ceped cy6cmaHnyiti poCAUHHO20 NOXOO0HCEHHS 3 PAHO03A20H8AAbHUM eheKmoM € akmyaabHUM
i 00HUM 3 npiopumemHux HanpsIMKie cy4acHoi meduyuHu. B cmammi npedcmaeaeni mamepiaau ekcnepumeHmanbHO20
8UBYEHHS pAH03a20108AIbHOI Jii 2ycmux ekcmpakmie oMaHy 8UCOK020 ma OMAHy 6pumMaHcbLko20 Ha Modeai mpadga-
pemHoi paHu y wypis, siki Micmsims Komn/ekc 6i0102iYHO0 AKMUBHUX pe408UH NepesaxNcHo nojaicaxapudis, emicm sKux
Koausaemwcs 8 iHmepeadi 3,46-16,7%. [locaidsxicenHss npogoduau Ha camysax wypie ainii Wistar 3 nouamkosoio macoro
mina 300-350 2. Y npoyeci docaidsiceHHs: 8U3HA4aAAU MAKI Xapakmepucmuku: nJaow)y 3a20€HHs1 paHU ma weudkicms 3a-
20€HHS1 n08epxHi paHu. KaiHiuHI cnocmepediceHHs 8KAHYAAU 8i3YA/IbHY OYIHKY CMAHy meapuH: 3MiHy akmugHocmi, noge-
dinku, anemumy. Takodic yepe3 negHi npoMidxcku uacy ikcysaau makutl iHmezpanbHUll NOKA3HUK, 1K MAcy miaa. 3 Memoio
OYiHKU edhekmusHocmi AIKY8AHHA HAMU 6Y/10 PO3PAX08AHO W000608€e 3MEeHWEeHHs NA0W paH (nowa 3a20€HHs paH) 3a
YMo08 3acmocysaHHs mecm-3paskie 1 ma 2 Ha 0CHO8I OMAHy 8UCOKO20 MA OMAHY 6pUMAHCbKo20. [ocaioxcysaHi 3pasku
nposieAsU 8UPAXCEHY PAHO3A20108A/1bHY AKMUBHICMb, NPUCKOPI08AAU hpoaighepamusHi npoyecu 8 paHi ma cnpusau
PopMyBaHHIO CNONYYHUX MKAHUH 3 YMBOPEHHAM M K020 py6uys. Lle cynposodicysanoc cmumynt08aHHAM pezeHepayil
enimenito, 8i0H08./1eHHAM 1020 PYHKYIOHANbHUX Xapakmepucmuk. [11owa 3a20€HHs paH Ha 17 0eHb ekchepumeHmy npu
B8UKOPUCMAHHI eKcmpakmy oMaHy 8UcoKo20 cmaHosuaa 9,8+2,4 Mm%, a ekcmpakmy omMaHy 6pumancokozo — 14,2+1,8 mm?,
Wo 8Kkasye Ha 6inbw supasiceHull efpekm mecm-3paska 1.

3KCINNEPUMEHTAJ/IbHOE U3YYEHHUE PAHO3AXKHUBJIAIOLIETO ZlEFICTByIﬂ T'YCTBIX 3KCTPAKTOB JEBACHUJIA
BbICOKOI'O U AEBACHJIA BPUTAHCKOI'O HA MOJEJ/IH TPA®APETHOH PAHBI Y KPbIC

A.I0.Bymko
HayuoHaawsHbIll MeduyuHcKull yHugepcumem um. A.A.bozomorbya

Katouesvle ciosa: dessicun 8bicokull; degsicun 6pUmMaHcKull; paHo3axcusAsiowas akmugHocms,; npoepamma IpSquare

Iouck HoBbIX npenapamos cpedu cy6cmaHyuli pacmumenbHo20 NPOUCXOHCOEHUS C pAHO3AHCUBASIOWUM 3P PeKkmoM 8-
J15lemcsl akmyaabHbIM U 00OHUM U3 NPUOPUMeEMHbIX Hanpag/aeHull cogpemeHHoll MeduyuHsl. B cmambe npedcmaserbt
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Mamepuansl IKCNEPUMEHMA/AbHO20 U3YYEHUS pAHO3AHCUBASWEe20 delicmaus 2ycmblX SKCMpaKmos 0essicuid 8bICOKO-
20 U dessicuna 6puUMaHcko20 Ha mModeau mpagapemHoll paHsl y Kpbic, KOmopble co0epicam KoMNn/aekc 6uoo2u4ecku
AKMUBHbIX 8eWjecms, NpeuMywecmeeHHo NoAucaxapudos, codeprcaHue Komopuix koaebaemcs om 3,46% do 16,7%. Hc-
cnedosaHusl nposoduau Ha camyax Kpsic auHuu Wistar ¢ HauyaavHoll maccoii meaa 300-350 2. B npoyecce uccaedosanus
HaMUu U3y4eHbl makue nokasameu: n1owadsb 3a#U8/1eHUs1 paHbl U CKOPOCMb 3axCU8/1HUS nogepXHocmu paMbl. KauHu-
yeckue HA6I00eHUSs 3aKAH0YANUCL 8 BU3YA/ILHOU OYeHKe COCMOSIHUS HCUBOMHbIX: U3MEHEeHUsl AKMUB8HOCMU, nogedeHusl,
annemuma. Takxce Yepe3 onpedesieHHble NPOMENCYMKU 8peMeHU PuKkcuposasu makoll UHmMez2paabHblil nokazamesns, Kak
Mmacca meaa. C yeavio oyeHku 3 oekmueHocmu siedeHuUst HaMu 6bl10 paccCHUMaHo excecymovHoe yMeHbluleHue nioujaou
paH (naowads 3axcusaeHus paH) npu yca08uu UCNO0Ab308aHUSL mecm-06pa3yos 1 u 2 Ha ocHose desscu1a 8bICOK020
u dessicuia 6pumaHckozo. Hccaedyemole 06pasybl Nposi8AsaU paHO3aAHCUBASIHOWYH AKMUBHOCMb, YCKOpsAU npoaude-
pamueHble npoyeccul 8 paHe U cnoco6cmeosanu GopMupo8anuio coeduHUMebHbIX MKAHell ¢ 06pa3o08aHueM Ms2K020
pybya. Imo conpogoicdan0c CMUMyAUPOBAHUEM pe2eHepayuu Inumeusl, B0CCMAHOBAeHUEeM e20 PYHKYUOHANbHbBIX
xapakmepucmuk. [11owads 3axcusaeHusi paH Ha 17 deHb 3KChepuMeHma npu Ucno/1b308aHulU IKcmpakma degsicuaa
8blCOK020 cocmagasiaa 9,8+2,4 mm?, a skempakma degsicuna 6pumanckozo — 14,2+1,8 mm?, umo ceudemesbcmayem o
60.1ee sbipadiceHHOM 3 hekme mecm-obpasya 1.
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Hepatotoxicity of anti-TB drugs is the current problem. The important areas of modern medicine and pharmacy is the
search of drugs that have high hepatoprotective properties and are able to prevent or reduce development of cytolysis
and cholestasis in the liver during the treatment with rifampicin and isoniazid. The aim of the work was to investigate
antycytotoxic and antycholestatic activity of thiotriazoline and quercetin in chronic drug-induced liver disease (chronic
drug-induced hepatitis - CDIH) of immature rats by rifampicin and isoniazid. CDIH was modelled by intragastric adminis-
tration of rifampicin and isoniazid to immature rats (50 animals) three times a week for 29 days. There were the following
experimental groups: 1 - control, 2 - CDIH, 3 - CDIH + quercetin, 4 - CDIH + thiotriasolin. The activity of ALT, AST, alkaline
phosphatase, gamma glutamyl transferase (GGT) in the serum and the bilirubin level in the blood serum have been deter-
mined. As a result of the research conducted it has been determined that more marked decrease of the ALT activity was
observed when using thiotriazoline compared to quercetin. A reliable decrease in activity of GGT and alkaline phosphatase
were observed after administration of both drugs. Thus, it has been proven that thiotriasolin has a high antycytotoxic
activity, so it can be recommended for prevention or reduction of cytolysis of hepatocytes in the treatment of tuberculosis

by rifampicin and isoniazid in children.

In recent years the problem
of side effects in the treat-
ment and prevention of tubercu-
losis has become especially im-
portant in Ukraine and worldwi-
de owing to the epidemic state in
the country, steady progressive in-
crease of morbidity and infection
of both very diverse social and age
groups, increase in the percentage
of people required chemoprophy-
laxis, and prolonged use of rifam-
picin and isoniazid, which have
hepatotoxic properties [3-5].

The aim of the work was to in-
vestigate antycytotoxic and anty-
cholestatic activity of thiotriazo-
lin and quercetin in chronic drug-
induced liver disease (chronic drug-
induced hepatitis - CDIH) of im-
mature rats by rifampicin and iso-
niazid.

Materials and Methods

The experimental study of 50
non-linear white laboratory im-
mature male rats with the initial
body weight of 60-70 g to make the
pathology under study in child-
ren as close as possible was per-
formed. Modeling of chronic drug-

induced hepatitis (CDIH) was con-
ducted according to the own me-
thod developed [1] by intragast-
ric administration of rifampicin
and isoniazid three times a week
for 29 days. Experimental animals
were divided into 4 groups: gro-
up 1 - intact animals (n=12, cont-
rol), group 2 - CDIH modulation
(n=14); animals of group 3 (n=12)
in parallel with rifampicin and iso-
niazid were injected intragastric
quercetin (“Kvertyn”, “Borshcha-
hivsky pharmaceutical plant” JSC)
daily in the dose of 75 mg/kg for
29 days; animal of group 4 (n=12) in
parallel with rifampicin and iso-
niazid were introduced thiotriazo-
line (“Galychpharm” JSC, “Arte-
rium” corporation) intragastrical-
ly in the dose of 22.5 mg/kg daily
for 29 days. OD, for quercetin and
thiotriazoline was recalculated by
the method of Yu.R.Rybolovlev [2].
After the end of the experiment
the animals euthanized under tio-
pental anesthesia were decapita-
ted and sampling of the serum, li-
ver and kidneys for biochemical
studies was done. In the serum the
activity of aspartate aminotrans-
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ferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase
(AP), gamma glutamyl transpep-
tidase (GGT); levels of total, di-
rect and indirect bilirubin were
determined and conducted with
the help of a biochemical analy-
zer “Vital Microlab 300" using re-
agents of “Pointe Scientific Inc.”
company (USA).

Results and Discussion

The experiments have shown
that the drugs studied have hepa-
toprotective properties of varying
degrees of intensity. To assess the
hepatoprotective efficiency the nor-
malization of biochemical para-
meters that characterize the cy-
tolysis syndrome (CS), namely the
activity of transaminases and GGT
has been evaluated. In untreated
animals with CDIH developed af-
ter administration of rifampicin
and isoniazid the activity of ALT
was increased by 29% compared
to control (p<0.05), AST - 37%
(p<0.05), GGT - 54% (p<0.05).
The study of intensity of the CS
in the treatment of the experimen-
tal HMH has demonstrated that
the more marked decrease in the
ALT activity was observed when
using thiotriazoline (17%, p<0.05
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against untreated animals with
CDIH), less - against the introduc-
tion of quercetin (11%, p>0.05).
A reliable decrease in activity of
GGT was observed after admini-
stration of both drugs compared
to the animals that did not recei-
ve treatment, namely by 24% when
administered thiotriazoline with
the therapeutic and prophylactic
purpose (p<0.05) and somewhat
less when using quercetin - 20%
(p<0.05). The AST activity was not
reduced to normal values when
using both drugs, but it should be
noted that after administration of
quercetin this value did not dif-
fer from that in the untreated ani-
mals and was significantly higher
than in animals of the control
group by 33% (p<0.05) (Table 1).
Thus, the comparative effective-
ness of drugs has revealed a high-
er efficiency of thiotriazoline con-
cerning the normalization of the
parameters that characterize the
CS in animals with CDIH.

To assess the effectiveness of
the drugs studied the normaliza-
tion of biochemical parameters
that characterize the cholestasis
syndrome (ChS), namely levels of
total and direct bilirubin and al-
kaline phosphatase activity has
been also evaluated (Table 2).

The indicator that was most
clearly presented the ChS in CDIH
in rats was the AP activity, which
increased by 44% in the untrea-
ted animals (p<0.05 versus cont-
rol). A reliable decrease of the AP
activity compared to the untreated
group was observed both when in-
troducing quercetin (26%, p<0.05)
and thiotriazoline (23%, p<0.05).
The study of total and direct bili-
rubin has shown no significant or

Table 1

Characteristics of biochemical parameters
of the cytolysis syndrome in immature rats depending
on the hepatoprotector applied (M+m), (n = 50)

Indicators
Groups
ALT AST GGT
1. Control 186.14+36.50 | 161.71+40.67 10.00+1.63
2.CDIH 239.86+30.73*% | 221.29+18.22* 15.43+2.51*
3. CDIH + quercetin 212.88+22.93 | 215.63+19.59* 12.29+1.80#
4. CDIH + thiotriazoline | 200.00+35.69# | 204.57+26.99 11.75+1.58#
Notes:
1) * - significant difference compared to control (p<0.05);
2) # - significant difference compared to CDIH (p<0.05).
Table 2

Characteristics of biochemical parameters of the cholestasis
syndrome in immature rats with chronic drug-induced
hepatitis (M+m), (n = 50)

Indicators
Groups
Total bilirubin | Direct bilirubin AP
1. Control 8.78+1.40 4.87+1.571 384.71+78.01
2.CDIH 9.77+1.51 4.76+1.067 553.00+73.34*%
3. CDIH + quercetin 8.83+0.88 4.64+1.533 |410.29+104.944
4. CDIH + thiotriazoline 8.58+1.98 457+1.396 424.75+84.90#

Notes:

1) * - significant difference compared to control (p<0.05);
2) # - significant difference compared to CDIH (p<0.05).

statistically significant deviations
from the norm.

Thus, the pathogenetic thera-
py of chronic drug-induced liver
disease, which involves the use of
hepatoprotectors should be aim-
ed primarily at eliminating the
dominant clinical and biochemi-
cal syndrome, namely SC. A do-
mestic drug with hepatoprotec-
tive properties thiotriazoline sig-
nificantly reduced the activity of
ALT (17%, p<0.05), AP (23%, p<
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JOCJIKEHHA AHTULIUTOJITUYHOT TA AHTUXOJIECTATUYHOI AKTUBHOCTI TIOTPHA30JIIHY TA KBEPLIETUHY
NP XPOHIYHOMY MEJUKAMEHTO3HOMY I'ENNATHUTI Y CTATEBOHE3PI/IUX IIIYPIB

H.A.Pukano, 0.B.AHdpouyk
BinHuybkuil HayioHa1bHUil MeduuHull yHieepcumem im. M.LITupozoea
Karouosi cnosa: medukameHmosHe ypajxceHHs neviHKu; pugamniyuH; i3oHiasud; yumodsis; Xxosnecmas; eenamonpomexyis

AKmya/bHO0 npo61eMOI0 Cb0200eHHS € 2enamomoKCcU4HICMb npomumy6epKy/Ab03HUX npenapamis. Baxcaueumu Ha-
npsimMkamu cyvyacHoi meduyuHu ma papmayii € nowyk npenapamis, siki 604100i10mb 8UCOKUMU 2eNaMONPOMEKMOpHUMU
s/sacmugocmsamu ma 30amui npoginakmysamu a6o 3meHuy8amu nposasgu yumoAaisy ma xosnecmasy y neviHyi Ha mai
3acmocyeaHHts pugamniyuHy ma izoniazudy. Memoro po6omu 6ys10 docaidxiceHHss aHmuyumoaAimu4Hoi ma aHmuxo-
Jslecmamu4Hoi akmusHocmi miompuasoliHy ma keepyemuHy npu XpoHiYHOMY MeOUKAMEHMO3HOMY YPANCeHHI neyiHKu
cmamesgoHe3piaux wypis pugamniyuHom ma isoHiazudom. XpoHiuHuii medukameHmosHuli cenamum (XMI') modenio-
804U WASIXOM [HMpazacmpanbHo20 égedeHHs pudamniyuHy ma isoniazudy cmamesoHespisum wypam (50 meapun)
mpuyi Ha muxcdeHb npomsizom 29 duie. Ekcnepumenmanvhi epynu: 1 - koumposav, 2 - XMI 3 - XMTI™ + keepyemuH, 4 -
XMT + miompua3soain. ¥ cupoeamyi eusHavaau akmusHicme AJ/IT, ACT, JI®, I'TTII ma piseHds 6inipy6iHy y cupoeamuyi.
B pe3yabmami nposedenozo docaidiceHHss 6cmaHo8/eHo, Wo 6iabll sUupd3He 3HUXdceHHs: akmusHocmi AJIT cnocmepiza-
J10Cb NpU 3acMOCy8aHHi miompuasonity, MeHwe — npu 8eedeHHI keepyemuHy. /locmosipHe 3HuxceHHs akmugHocmi I'T'TIT
ma JI® cnocmepizanocs sik i npu 8eedeHHi 060x npenapamis. TakumM YUHOM, yCMAHOB/1EHO, WO MiompuasoiH 80100i€
BUCOKOI0 AHMUYUMOAIMUYHOI0 AKMUBHICMIO, MOMY MOXce 6ymu pekomMeHJ08aHUll 01 npodinakmuKu Yu 3MeHWeHHs
yumonizy zenamoyumis npu AiKy8aHHi my6epkyavo3y y dimetl pugpamniyuHom ma izoHiazudom.

HUCCJIEAOBAHUE AHTULIUTOJIMTUYECKON U AHTUXOJIECTATUYECKON AKTUBHOCTU TUOTPUA30/IMHA
W KBEPUETHUHA INTPU XPOHUYECKOM MEJAUKAMEHTO3HOM T'ENTATHUTE Y HEIIOJIOBO3PEJIBIX KPbIC

H.A.Pvikano, O.B.AHdpowyk
BuHHUYKuil HAUUOHAALHbII MeduyuHcKull yHugepcumem um. H.H.Ilupozosa
Karouesvle ca108a: MedukameHmMo3Hoe nopaxceHue neyeHu; pugamnuyuH; u3oHUA3ud; YyumoJaus; Xo/ecmas; 2enamonpomexyust

AxkmyasnsHoll npo6.1emoti cospeMeHHOCMU 518A51emcsl 2enamomoKCUMHOCMb npomusomybepKy/ie3HblX npenapamos. Basic-
HbIMU HANPABAEHUSIMU COBPEMEHHOU MeduyuHbl U hapmayuu s8,15emcsi NOUCK npenapamos, Komopbwle 06.1adarom 8bi-
COKUMU 2enamonpomeKkmopHbIMU C80UICMEAMU U CNOCOOHbI NPOPHUIAKMUPOBAMb UAU YMEHbUWAMb NPOSIBAEHUS YUMO-
JU3a U X0/ecmasa 8 neyeHu Ha ghoHe npumeHeHus: pudamnuyuHa u uzoHuasuda. Lleavto pabomsl 6bi10 uccaedosaHue
AHMUYUMOoAUMU4eckoll U aHMuxo1ecmamu4eckolii akmugHoCcmu muompuasoAuHa U KeepyemuHa npu XpoHU4ecKkoM
MeOQUKAMEHMO3HOM NOPANCEHUU NeYeHU HeN010803pPeNblX KpblC puPamnuyuHom u u3oHuasudom. XpoHuueckuti medu-
KameHmo3Hvlii cenamum (XMI') modeauposanu nymem uHmpazacmpaabHo20 egedeHust pugamnuyuHa u U3oHuasudda
Henos10803pesablM Kpvicam (50 xusomHbuiX) mpu pasa 8 Hedesio 8 meveHue 29 dHell. IkchepumeHmasbHbule epynnol: 1 -
KoHmpousy, 2 - XMI} 3 - XMT + keepyemuH, 4 - XMI" + muompua3zoauH. B cieopomke onpedeasiau akmusHocms AJIT, ACT,
JI®, I'TTII u yposeHsb 6uiupy6uHa 8 cbi8Opomke Kposu. B peayabsmame nposedeHHO020 uccaedo8aHusl yCmaHO8AeHO, YUMo
6o1ee gbipaxceHHoe cHuxceHue akmugHocmu AJIT Habawda0cb npu npuMeHeHUU MUompuasonuHd, MeHbulee — npu
egedeHuu keepyemuHa. [locmoeepHoe cHusxceHue akmugHocmu I'T'TII u JI® Habawdansocy npu 88edeHuU 060ux npenapa-
mos. Takum 06pasom, ycmaHos8/1eHo, Ymo MUOmpuasoAuH 06.1adaem 8bICOKOU AHMUYUMOAUMUYECKOU aKMUBHOCMbIO,
noamomy Moscem 6blmsb peKoOMeHO08aH 015 NPOPUAAKMUKU UAU CHUNCEHUS YUMOAU3A 2enamoyumos npu Je4eHuu my-
6epkysesay demetl pugamMnuyuHoM U U30HUA3UOOM.
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THE REACTION OF THE NEUROENDOCRINE
HYPOTHALAMUS ON INTERMITTENT HYPOXIA IN RATS
WITH STREPTOZOTOCINE-INDUCED DIABETES

Yu.M.Kolesnik, E.V.Kadzharyan, A.V.Abramov, 0.V.Melnikova

Zaporizhzhia State Medical University

Key words: hypothalamus; diabetes mellitus; intermittent hypoxia

Effects of stress leads to activation of the hypothalamo-pituitary-adrenocortical system. The central link of this system is
neuroendocrine cells of the hypothalamus, which synthesize corticotrophin-releasing hormone (corticotrophin), as well as
the proopiomelanocortin derivative - beta-endorphin. The aim of this research was to determine the peculiarities of the
functional state and synthesis of corticotrophin and beta-endorphin by neurons of the medial parvocellular subnucleus of
the paraventricular nucleus in rats with the experimental diabetes and with combined influence of intermittent hypoxia.
The research was carried out in 30 male Wistar rats with the weight of 230-250 g. Diabetes mellitus in rats was modeled by
a single injection of streptozotocine in the dose of 50 mg/kg. Corticosterone and insulin in the blood serum was identified
by the immunoenzyme method and the glucose concentration was determined by the glucose oxidase method. Intermittent
hypoxic trainings were carried out in the vented pressure chamber by 6 hours exposure in rats on the “altitude” of 6000
m (p0,=9.8%) within 15 days. Neuropeptides were detected by the inmunofluorescent method of analysis. Development
of diabetes in rats within 4 weeks led to the persistent hyperglycemia, hypoinsulinemia and increase of the corticosterone
level by more than 2.5 times. Imnmunoreactivity to corticotrophin in paraventricullar nuclei (PVN) raised by 2.1 times and
the corticotrophin concentration had 3.7 times increase in the immunoreactive zone. The specific area of immunoreactiv-
ity to beta-endorphin increased by 2.6 times and the beta-endorphin concentration increased by 3.8 times. Development of
diabetes mellitus in rats resulted in 8 times increase of the specific content of corticotrophin in PVN and 10 times increase
of beta-endorphin. Hypoxic trainings led to decrease of the area of immunoreactivity to corticotrophin in PVN by 64%
and to beta-endorphin by 53%. The concentration of corticotrophin in neurons decreased by 47% and the concentration
of beta-endorphin decreased by 35%. Therefore, the content of corticotrophin decreased by 80% and the content of beta-
endorphin decreased by 69%. Hypoxic trainings of the diabetic animals cause decrease of the activity of the stress-limiting

beta-endorphinergic hypothalamus system less than the corticotrophinergic one.

A;l important link of the neu-
oendocrine response of the
organism on the stress factor is
activation of the stress-realizing
component presented primarily by
the corticotrophinergic neurons
of the hypothalamus paraventri-
cullar nucleus (PVN) localized ma-
inly in the dorsal part of the me-
dial parvocellular subnucleus of
PVN. Corticotrophin leads to in-
crease in the activity of the pitui-
tary-adrenal system and finally, it
elevates the blood glucocorticoids
level [12]. At the same time neu-
roendocrinocytes of PVN synthe-
size the proopiomelanocortin de-
rivative — beta-endorphin, which
regulates the intensity of the neu-
roendocrine stress response [13].
As was shown previously, the use
of the multi-day hypoxic trainings
led to decrease of the blood glu-
cose level and corticosterone con-
centration in diabetic rats [8]. How-

ever, the peculiarities of the cor-
ticotrophinergic and beta-endor-
phinergic neurons reaction in dia-
betes mellitus and with combined
effect of intermittent hypoxia prac-
tically have not been studied yet [7].
The aim of the present research
was to determine the peculiarities
of the functional state and syn-
thesis of corticotrophin and be-
ta-endorphin by neurons of the
medial parvocellular subnucleus
of the paraventricular nucleus in
rats with the experimental dia-
betes and with combined influ-
ence of intermittent hypoxia.

Materials and Methods

The research was carried out in
30 male Wistar rats with the weight
of 230-250 g. Diabetes mellitus in
rats was modeled by a single injec-
tion of streptozotocine (50 mg/kg,
SIGMA Chemical, USA). Only rats
with the blood glucose level more

Yu.M.Kolesnik — Doctor of Medicine, professor, head of the Physiopathology Department
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than 9 mmol/L were taken to re-
search. Corticosterone and insu-
lin in the blood serum was iden-
tified by the immunoenzyme me-
thod with the help of the com-
mercial kit (DRG, USA), and the
glucose concentration was deter-
mined by the glucose oxidase me-
thod. Intermittent hypoxic train-
ings were carried out in the vent-
ed pressure chamber by 6 hours
exposure in rats on the “altitude”
of 6000 m (p0,=9.8%) within 15
days. The brain of animals was fix-
ed in the Bouin'’s fluid and then
filled in paraplast (McCormick, USA).
The serial frontal sections with the
thickness of 14 mcm were used
for immunofluorescentive colour-
ing for neuropeptides; then they
were incubated with polyclonal
antibodies to corticotrophin-re-
leasing hormone (Sigma Chemi-
cal, USA) and to beta-endorphin
(Santa Cruz Biotecnology, USA) in
dilution of 1:200 in a damp cham-
ber (T = +4°C, 24 hours). The next
step in identification was to incu-
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Table 1

Blood biochemical parameters in rats
with diabetes (M+m, n = 10)

Series of studies Glucose, Insulin, Corticosterone,
mmol/L mcME/ml ng/ml
Control 3.99+0.10 8.72+0.63 218.0+32.6
Diabetes 17.69+1.11* 5.99+0.34* 585.1+59.9*
Diabetes + hypoxia 14.8+1.45%* 8.36+0.46" 427.0+32.4*

Note: significance of differences (p<0.05) to control (*) and to diabetes (*);

n —is the number of animals in the group.

Table 2
Indexes of immunoreactivity to corticotrophin
in paraventricullar nucleus (M+m, n = 10)
Area of the Concentration | Content of the
. . . . of the immunoreactive
Series of studies | immunoreactive | . . -
material. 9 immunoreactive material,
7 material, U U,/100 mmc?
Control 1.19+0.21 0.38+0.01 0.46+0.08
Diabetes 2.57+0.23* 1.42+0.08* 3.67+£0.33*
Diabetes + hypoxia| 0.96+0.19** 0.75+0.08** 0.73+0.14**

Note: significance of differences (p<0.05) to control (*¥) and to diabetes (*);

n —is the number of animals in the group.

bate these histological sections with
secondary antibodies conjugated
with FITC (Sigma Chemical,USA)
in dilution of 1:64 in a damp cham-
ber (T =+37°C, 45 min). At the end
all sections were put in the mix-
ture of glycerin/phosphate buffer
(9:1). The sections were studied
in the UV spectrum using Axiolma-
ger-M2 microscope (Carl Zeiss, Ger-
many). Analysis of the immuno-
fluorescentive reaction was per-
formed using the system of digi-
tal image analysis AxioVision 4.8.2
(Carl Zeiss, Germany) where the

absolute area of the immunore-
active material (mcm?), its rela-
tive value (%) in the standard zone
of vision with the area of about
40 000 mcm? were calculated. The
densitometric characteristics such
as the concentration and specific
content of neuropeptide were also
determined. The calculated para-
meters were determined by the
intensity of fluorescence (U,). The-
re were not less than 200 zones
of visions in each series. The data
obtained were analyzed with the
package of statistical programm-

Table 3

Indexes of immunoreactivity to beta-endorphin
in paraventricullar nucleus (M+m, n = 10)

Area of the Concentration Content of the
Series of studies | immunoreactive | . of the . |mmunorgact|ve
material. 9 immunoreactive material,
7 material, U U,/100 mmc?
Control 0.81+0.12 0.43+0.03 0.35+0.05
Diabetes 2.15+0.16* 1.66+0.14* 3.56+0.27*
Diabetes + hypoxia 1.0+0.13% 1.07£0.14** 1.08+0.14**

Note: significance of differences (p<0.05) to control (*) and to diabetes (*);

n - is the number of animals in the group.

es. To assess the significance of dif-
ferences in the groups Student’s
t-test was used.

Results and discussion

Development of diabetes in rats
within 4 weeks led to the persis-
tent hyperglycemia, hypoinsuline-
mia and increase of the level of
corticosterone - the main gluco-
corticoid in rats - by more than
2.5 times (Table 1). It was previ-
ously shown that formation of dia-
betes was accompanied with se-
vere disorders not only of the car-
bohydrate metabolism, but also
of the protein, lipid metabolism
and the hormonal-cytokine sta-
tus in experimental rats [5, 6]. Thus,
immunoreactivity to corticotro-
phinin paraventricullar nuclei (PVN)
raised by 2.1 times and the corti-
cotrophin concentration had 3.7
times increase in the immunore-
active zone (Table 2). It is charac-
teristic that immunoreactivity of
the stress-limiting link of the neu-
roendocrine stress response repre-
sented by beta-endorphin synthe-
sizing neurons increased in PVN
at about the same level: the spe-
cific area of immunoreactivity to
the neuropeptide increased by 2.6
times and the beta-endorphin con-
centration by 3.8 times (Table 3).
Development of diabetes mellitus
in rats resulted in 8 times increase
of the specific content of cortico-
trophin the paraventricullar nuc-
leus (PVN) and 10 times increase
of beta-endorphin. Such an increase
in the activity of the neuroendo-
crine hypothalamus leading to the
hypercorticosteronemia confirms
the legitimacy of representations
of diabetes as a metabolic stress
to the organism.

We have previously shown that
the use of dosed hypoxic effects
promotes the activation of the in-
sular system both in healthy rats
and in animals with experimen-
tal diabetes [9]. Indeed at the end
of 2 weeks of hypoxic trainings the
insulin concentration was resto-
red to the control level in the blood
of the experimental animals, and
the glycemia level decreased by



ISSN 1562-725X

CLINICAL PHARMACY.-2013. - Vol. 17, No. 4 43

16%. The mechanism of such sa-
nogenic effect of intermittent hy-
poxia may be due to the direct hy-
poxia influence on endocrinocy-
tes and induction of synthesis of
antiapoptotic proteins, decrease
of the beta-endocrynocytes apo-
ptotic index and activation of their
proliferation [1, 4]. In the hypo-
thalamus of diabetic animals the
hypoxic trainings decreased the
area of immunoreactivity to cor-
ticotrophin in PVN by 64%, its con-
centration by 47% and its content
in PVN by 80%. As a result of the
limitation of the hypothalamic ac-
tivation of the pituitary-adrenal
system the concentration of the
contrinsular hormone corticoste-
rone decreased by 27% in the di-
abetic rats blood. It also helped
to reduce the blood glucose level.
The limitation of the activity of the
stress-realising corticotrophiner-
gic system of the hypothalamus

by the end of hypoxic trainings led
to decrease of the PVN beta-en-
dorphinergic neurons activity. It
was expressed in reduction of the
immunoreactivity area to the pep-
tide by 53%, decrease of its con-
centration in neurons by 35% and
decrease of the beta-endorphin
content in PVN by 69%. It is cha-
racteristic that the degree of limi-
tation of the stress-realising com-
ponent activity after hypoxic train-
ings was higher than the depres-
sion of the stress-limiting link of
the neuroendocrine reaction in di-
abetes. The data obtained show
that the dosed hypoxic loads can
have a corrective effect on the me-
chanisms of pathological process-
es; in its turn, it can be used with
the sanogenic purpose, in parti-
cular for the treatment of diabe-
tes [11]. Besides the mechanisms
of intermittent hypoxia influence
can be released at the peripheral
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PEAKIIA HEUPOEHIOKPUHHOI'O T'IIIOTAJIAMYCY HA IIEPEPUBYACTY T'IIIOKCIIO ¥ II[YPIB
I3 CTPENITO30TOLMHOBUM AIABETOM

I0.M.KonecHuk, €.B.Kadoicapsin, A.B.A6pamos, 0.B.MeavHiKoga
3anopi3zvkuil depircagHuii MeduuHuil yHigepcumem
Katwouosi caoea: einomanamyc; yykposuii diabem; nepepusuacma 2inokcis

Bnaue cmpecy npussodums do akmusayii 2inomasamo-zinogizapHo-adpeHokopmukaabHoi cucmemu. LlenmpaasHoro
JNaHKOM if € HellpoeHdoKkpuHoyumu, Wo CuHme3yrms KOpmukomponin-puaiziHz-20pMoH (KopmukonibepuH), a makoic
noxioHe npooniomenaHoKopmuHy — 6ema-eHdopdin. Memoto docaidxrceHHs: 6y10 8cmaHo8/eHHs 0cobausocmeti cuHme3sy
KopmukosibepuHy ma 6ema-eHdopginy HelipoHamu MedianbHo20 Opi6HOKATMUHHO20 cy6’s1I0pa napaseHmpuKyAsipHO20
A0pa npu po3suMKy ekcnepumeHma/bHo2o diabemy ma npu noedHaHHi nepepugyacmoi 2inokcii. [locaidsicenHs npoge-
deHo Ha 30 camysx wypis ainii Bicmap eazoto 230-250 2. lJykposuii diabem modent08aau 00HOKpamMHUM 88e0eHHIM
cmpenmo3omoyuHy 6 003i 50 mz/ke. KopmukocmepoH ma iHcyaiH y cuposamyi kposi usHa4aau iMyHogepmeHmHuM
MemodoM, a pigeHb 2/110K03U KPOBI — 2/110K030KCUOA3HUM MemodoM. [lepepusyacmi 2inokcu4Hi mpeHysaHHs nposoouau
y 6apokamepi 6-200uHHO ekcnho3uyieto Ha «gucomi» 6000 M (p0,=9,8%) npomsizom 15 duis. Heliponenmudu eusHavanu
imyHogtoopecyeHmuum memodom. Pozgumok diabemy npomsizom 4-x musicHie npuzgodus do cmilikoi einepaaikemii,
2inoincyninemii ma nidsuweHHs pigHs KopmukocmepoHy 6iabWl Hixc y 2,5 pa3u. IMyHopeakmusHicmb do Kopmukoibe-
puHy y IIBA 36invuysanacs npubausHo y 2,1 pasu, a KOHYyeHmpayis Kopmuko1ibepuHy y 30Hi iMmyHopeakmugHocmi nio-
suwysasaacs y 3,7 pasu. [lumoma naowa imyHopeakmugHocmi 0o 6ema-endopiny sapocmanay 2,6 pasu, a KOHyeHmpa-
yis 6ema-eHdopiny -y 3,8 pasu. B peayabmami po3sumok yykposozo diabemy npu3godus 0o 36i1bWeHHsI NUMOMO20
emicmy kopmukonibepuHy & IIBA y 8 pasis, a 6ema-endopdiny -y 10 pasia. I'inokcuyHi mpeHy8aHHs 3MeHUWY8aAU NAOWY
imMyHopeakmusHocmi do kopmukosibepuHy Ha 64%, a do 6ema-eHdopginy - Ha 53%. Konyenmpayis y HetllpoHax kopmu-
Kos1ibepuHy 3Huxcysanacs Ha 47%, a 6ema-eHdopdiny — Ha 35%. BionosidHo emicm kopmukoaibepury y [IBA smeHwuscs
Ha 80%, a 6ema-eHdopdiny - Ha 69%. I'inokcuuHi mpeHysaHHs diabemu4HUX M8ApUH BUKAUKAOMb 3HUNCEHHS aKmus-
Hocmi cmpec-aimimyroyoi 6ema-eHdopginepeivuHoi cucmemu 8 MeHWill Mipi, HijC KOpMuKoibepuHepaiyHoi.

PEAKLUA HEIPO3HIOKPUHHOIO T'MIIOTAJIAMYCA HA ITPEPBIBUCTYIO FTMIIOKCHIO Y KPbIC
CO CTPENITO30TOLMHOBBIM IMABETOM

I0.M.KonecHuk, E.B.KadxcapsiH, A.B.A6pamos, 0.B.MeavHukosa
3anoposcckuii 2ocydapcmeeHHblii MeduyuHCKuUll yHUgepcumem
Katouesvle ca08a: cunomasamyc; caxapHuili duabem; npepbleucmasi 2Uunokcust

Bosdeticmeue cmpecca npugodum K akmusayuu 2unoma.namo-2unogu3apHo-adpeHoKoOpmMuKaabHol cucmemsl. Llenmpans-
HbIM 386€HOM ee s18/510MCsl Hellp03IHOOKPUHOYUMb! 2UNOmMaaamycd, CuHme3supyroujue KopmukomponuH-puau3uHa-2op-
MOH (KopmukoaubepuH), a makaice npou3godHoe npoonuoMesaHoKopmuHa - 6ema-aHdopgdun. Ljeawto uccaedosanus
6bL10 yCMAHOBUMb 0COOEHHOCMU CUHME3A KOPMUKOAUOGEepUHA U 6ema-3H00p@uHA HelIpOHAMU MedUAIbHO20 MeJKOKAemou-
HO20 cy6B10pa napaseHMpUKyAsIPHO20 10pa NpuU IKCnepuMeHmaabHoM duabeme u covemaHHoM delicmauu npepblgucmou
eunokcuu. Uccaedosanue npogedeHo Ha 30 camyax Kpwic auHuu Bucmap maccoti 230-250 2. CaxapHblli duabem modeaupo-
8a/1Uu 00HOKpamMHbIM 88edeHUeM cmpenmo3omoyuHa 8 dosze 50 me/kz. KopmukocmepoH u UHCYAUH 8 CblBOpOMKE KpO8U
onpedeasau UMMyHOPEepMEHMHbIM MemodoM, a KOHYeHMpayuio 2/A10K03bl — 2/1K030KCUOA3HbIM MemodoM. [Ipepubisu-
cMmble 2unokcuveckue mpeHuposKu nposoduau 8 bapokamepe 6-4acosoil skcnosuyuet Ha «gbicome» 6000 m (p0,=9,8%)
8 meueHue 15 dHell. Heliponenmudsl onpedeasiiu UMMyHo@p.1r00pecyeHmHbimM memodom. Pazsumue duabema 6 meuerue
4-x Hedeab npusodu10 K cmolikoli 2unepaaukeMuu, 2UNOUHCYAUHEMUU U HAPACMAHUI YPOBHSI KOpmuKocmepoHa 6o.1ee
uem 8 2,5 paza. UmmyHopeakmusHocmb kK kopmukoaubepuHy 6 I[1BA yseauuusasace 6 2,1 pasa, a KoHyeHmpayus Kop-
muko/aubepuHa 8 30He UMMYHOpeaKmusHocmu nossluanacs 8 3,7 pasa. YoeavHas naowadb UMMYHOPeAKMuU8HoOCmu K
6ema-sndopduHy sospacmana 8 2,6 pasa, a KOHYyeHmpayus 6ema-sHdopgduHa - 8 3,8 pasa. B peaynemame pasgumue
caxapHozo duabema npugodu/o K ygeaudeHulo yoeabHo20 codepicaHusi KopmukoaubepuHa e I[1BA 6 8 pas, a 6ema-aH-
dopduHa - 6 10 pa3s. ['unokcuueckue mpeHUpoOSKU yMeHbWaAU Naowads UMMYHOPEAKMUBHOCMU K KOPMUKOAUOEPUHY
6 [IBA Ha 64%, a k 6ema-sHdopduHy — Ha 53%. KoHyenmpayus 8 HellpoHax KopmukoaubepuHa cHuxcaacsb Ha 47%,
a 6ema-andopduHa - Ha 35%. CoomeemcmeeHHO codepicaHue kopmukoaubepuHa 8 I1BA cHu3usioce Ha 80%, a 6ema-
sHdopguHa - Ha 69%. ['unokcuveckue mpeHuUposKku duabemu4eckux HUBOMHbIX 8bI3bIBANOM CHUNCEHUE AKMUBHOCMU
cmpecc-aumumupyrouweti 6ema-3Hdop@duHepauyeckoll cucmembsl 2unomManaMmyca 8 MeHvllell cmeneHu, 4em KOpMuKoaAU-
6epuHepauyeckoll.



ISSN 1562-725X

CLINICAL PHARMACY.-2013. - Vol. 17, No. 4 45

UDC 616.428-092.18-002-036.12- 092.9

IMMUNOHISTOCHEMICAL CHANGES IN REGIONAL LYMPH
NODES IN THE PROCESS OF INFLAMMATION CHRONICITY

M.A.Kucheryavchenko

Kharkiv National Medical University
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The immunohistochemical changes in regional lymph nodes in the acute infectious inflammation and in the process of in-
flammation chronicity, namely in the secondary chronic inflammation, primary chronic non-immune and primary chronic
immune inflammation have been studied. The research was performed using 246 rats. Acute infectious inflammation was
induced by introduction of Staphylococcus aureus daily culture containing 2 milliard microbial bodies in 1 ml of the iso-
tonic solution of sodium chloride into the thigh. The secondary chronic inflammation was reproduced by subcutaneous
introduction of 5ml of h-carageenen in 1 ml of the isotonic solution of sodium chloride into the thigh. The primary chronic
granulomatous inflammation was induced by introduction of sephadex A-25 in the dose of 1 mg in 1 ml of the isotonic solu-
tion of sodium chloride into the thigh. The chronic immune inflammation of the adjuvant arthritis type was reproduced
by subplantar introduction of the total Freund adjuvant in the dose of 0.1 mlL Immune cells and immunoglobulins were
differentiated with the help of rat monoclonal antibodies (MCA) labeled by FITC to CD3 antigens (general T-lymphocytes),
CD4 (helper T-lymphocytes), CD8 (cytotoxic suppressor T-lymphocytes), CD45RA (B-lymphocytes), ED (macrophages) and
IgE and IgG. It has been found that in the chronic inflammation the activation of regional lymph nodes is more expressed,
longer and phasic than in the acute one. This is evident by increase of intensity of cellular immune responses and decrease
of humoral responses, increase of the suppressor activity and reduction the helper activity, increase of the macrophagal
reaction as compared with the control, increase of amount of lymphocytes - producers of IgG and IgE.

Ricently because of deterio-
ation of the ecological si-
tuation in the world the immuno-
logical responsiveness of the hu-
man organism has changed and,
as a result, the frequency of the
chronic acute inflammation has
increased. It is known that at the
beginning of an inflammatory pro-
cess irrespective of any etiologi-
cal factor the changes in the im-
mune system organs take place.
Such organs, first of all, are lymph
nodes [9]. It has been proven that
the reaction of regional lymph no-
des to introduction of phlogogen
is more pronounced than those
lymph nodes that are distant from
the focus of inflammation [6, 10].
In this regard the aim of our re-
search was to study immunohis-
tochemical changes in the regio-
nal lymph nodes in the acute in-
fectious inflammation and in the
process of inflammation chroni-
city, namely in the secondary chro-
nic inflammation, primary chro-
nic non-immune and primary chro-
nic immune inflammation.

Materials and Methods

The research was performed
using 246 male Wistar rats with

the body weight of 180-200 g. Acu-
te infectious inflammation was in-
duced by introduction of Staphy-
lococcus aureus daily culture con-
taining 2 milliard microbial bod-
ies in 1 ml of the isotonic solution
of sodium chloride into the thigh
[7]- The secondary chronic inflam-
mation was reproduced by sub-
cutaneous introduction of 5 ml of
A-carageenen in 1 ml of the iso-
tonic solution of sodium chloride
into the thigh [1]. The primary
chronic granulomatous inflamma-
tion was induced by introduction
of sephadex A-25 in the dose of
1 mg in 1 ml of the isotonic solu-
tion of sodium chloride into the
thigh [5]. The chronic immune in-
flammation of the adjuvant arth-
ritis type was reproduced by sub-
plantar introduction of the total
Freund adjuvant in the dose of
0.1ml [8].

The research was conducted
in detailed dynamics of inflamma-
tion beginning from 6 h to 28 days.
Immune cells and immunoglobu-
lins were differentiated with the
help of rat monoclonal antibodi-
es (MCA) labeled by FITC to CD3
antigens (general T-lymphocytes),
CD4 (helper T-lymphocytes), CD8
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(cytotoxic suppressor T-lympho-
cytes), CD45RA (B-lymphocytes),
ED (macrophages) and IgE and IgG.

Results and Discussion

The humoral immune respon-
ses in lymph nodes (containing
CD45RA+-cells) depending on the
kind of inflammation are express-
ed in such way: acute inflamma-
tion > primary chronic immune
inflammation > secondary chro-
nic inflammation > primary chro-
nic non-immune inflammation. It
is possibly connected with the fact
that acute inflammation is humo-
ral, in the immune inflammation
the immune responses are espe-
cially tense, and that is why in the
primary chronic immune inflam-
mation the humoral immune re-
sponses are rather pronounced;
in the secondary chronic inflam-
mation the humoral immune res-
ponses are tense, apparently, as
a compensatory reaction direct-
ed to prevent the process chroni-
city, and primary chronic non-im-
mune inflammation is cellular [2-4].

The cellular immune respon-
ses in lymph nodes (the amount
of CD3+-lymphocytes) depending
on the kind of inflammation are ex-
pressed in such way: primary chro-
nic immune inflammation > pri-
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mary chronic non-immune inflam-
mation > secondary chronic in-
flammation > acute inflammation.
It corresponds to the regularity
of lymph nodes involvement in
general and shows that involve-
ment of lymph nodes to chronic
inflammation is based on the ne-
cessity of implementation of cellu-
lar immune responses, first of all.

The helper activity in cellular
immune responses of lymph no-
des (containing CD4+-cells) in dif-
ferent kinds of inflammation has
the following dependence: acute
inflammation > primary chronic
non-immune inflammation > se-
condary chronic inflammation >
primary chronic immune inflam-
mation, but the suppressor acti-
vity (the amount of CD8+-lympho-
cytes) is expressed in reversed
manner. Thus, in the first case IRI
is significantly increased and it in-
dicates a visible helper activity, but
in other cases - the increase is less
or reduced in the same way; it te-
stifies about increase of the sup-
pressor activity in the chronic in-
flammation. Since the acute inflam-
mation is humoral, the marked
helper activity in this case is like-
ly to be caused by the reaction of
Th2-lymphocytes, but in other ca-
ses this reaction is less [2-4].

NS N

1979. - 448c.

The macrophagal reactions in
lymph nodes (the content of ED1+-
cells) depending on the type of in-
flammation are expressed in such
way: the primary chronic non-im-
mune inflammation > the secon-
dary chronic one > acute inflam-
mation > the primary chronic im-
mune inflammation, which is li-
Kkely to be interconnected with the
fact that the granulomatous in-
flammation is mainly macropha-
gal. In the secondary chronic in-
flammation the macrophagal re-
action is considerably intense com-
pared to the acute one, first of all,
compensatory because of the in-
sufficient neutrophilic reaction. In
the primary chronic immune in-
flammation the lymphocytic re-
action dominates over the mac-
rophagal reaction [2-4].

In the chronic inflammation
the amount of lymphocytes-pro-
ducers of Ig G and Ig E increases
in lymp nodes. It is most prono-
unced in the secondary chronicin-
flammation, apparently again as
a compensatory reaction, aimed
at preventing the process chro-
nicity, and the content of IgE-pro-
ducers in all types of the chronic in-
flammation increases earlier and
more than in the acute one; it pro-
bably testifies about a greater an-
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helper activity is reduced.
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in lymph nodes in the chronicin-
flammation increases compared
to the control.

6. In the chronic inflammation
compared to the acute one the amo-
unt of lymphocytes — producers of
Ig Gand Ig E increases in lymp nodes.
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IMYHOTICTOXIMIYHI 3MIHH Y PETTOHAPHUX JIIM®OBY3JIAX Y IPOILIECI XPOHI3AIIIT 3AITAJIEHHA
M.0.KyuepsgueHko

Xapkiecvkuil HayioHa1bHUll Medu4HUll yHigepcumem

Karouosi caoea: 3ananenHsi; XxpoHizayis; iMyHHI peakyii; aimgosysau

BueueHi iMyHozicmoxiMiuHi 3MiHU Y perioHapHux aimgosysaax npu cocmpomy iHdekyiliHomMy 3anaseHHi ma e npoyeci
XpOHi3ayii 3anaseHHs, a came, npu 8MOPUHHO XPOHIYHOMY, NEPBUHHO XPOHIYHOMY HEIMYHHOMY MdA Nep8UHHO XPOHIYHO-
MYy IMYHHOMY 3ananeHHi. locaioxceHHs sukoHaHi Ha 246 wypax. [ocmpe iH@ekyiliHe 3ananeHHsl BUKAUKAAU 88e0eHHAM
y dinsiHKy cmezHa do6osoi kyabmypu Staphylococcus aureus, wmam ATCC-25923, ujo micmumbo 2 mApd MiKpo6GHUX Mia 8
1 M1 i30moOHIYHO20 pO34UHY XA0pudy HaMpito. BmopuHHO XpoHiuHe 3ana/eHHs1 gidmeoprosaau NidWKIipHUM y8edeHHIM
y 0insiHky cmezHa 5 m2 A-kapazeHiHy 8 1 M i30moHIYH020 po34uHy xa0pudy Hampiio. [lepguHHO XpoHiYHe 2paHysema-
mo3He 3anaJieHHs 8UKAUKAAU 88eJeHHSIM Y O0iAsIHKY cmezHa cedpadexcy A-25 y dosi 1 m2 8 1 Ma i30moOHIYHO20 po3Yu-
HY x/10pudy. XpoHiuHe iMyHHe 3ana/ieHHs 8i0meoprogaau cy6naaHmapHuM yeedeHHsIM nosHoz2o ad’toeanmy Ppeiinda 6
003i 0,1 ma. IMyHHI KaimuHUu ma imMyHo2106yAiHU dugepeHyitoeanu 3a AONOM0O20H0 WYypsAHUX MOHOKJAOHAAbHUX AHMUMIA
(MKA), miuenux ®ITL], do anmueenie CD3 (3azaavhi T-nimpoyumu), CD4 (T-aimpoyumu-xeanepu), CD8 (T-aimpoyumu-
cynpecopu yumomokcu4uHi), CD45RA (B-aim¢poyumu), ED1 (makpogpazu), a makoc do IgG ma IgE. Byso ecmaHogaeHo,
Wo npu XpoHIYHOMY 3ana/seHHi akmueayisi perioHapHux AimM@osy3ie € 6iabll 8UPAHCEHO, Mpusaaiwow ma $asHorw,
Hisc npu 2ocmpoMmy. IIpo ye cgiduamv: 3pocmaHHs1 8UPANHCEHOCMI KAIMUHHUX IMYHHUX peaKkyill ma nocaab1eHHs 2yMo-
pa/sbHUX, nid8uweHHsl CynpecopHoi akmusHOCMI ma 3HUMNCEHHS1 XeANEepHOi, 3pOCMaHHs MakpogazaabHoi peakyii y no-
PIBHSIHHI 3 KOHMPO.1EM, 3pPOCMAHHSA Kiabkocmi aimpoyumis-npodyyenmis IgG ma IgE y aim¢osysnax no mipi xpoHizayii
3ana/1eHHsL.

HUMMYHOTUCTOXUMHUYECKHUE USBMEHEHHA B PETUOHAPHBIX IMM®O0Y3JIAX B IPOLECCE XPOHU3ALIUN
BOCIIAJIEHUA

M.A.KyuyepaeueHnko
Xapwvkosckuii HaUUOHaAbHbIT MeduYuHcKull yHUgepcumem
Katouesbie cno06a: gocnaseHue; XpoHU3ayusi; UMMyHHble peakyuu; Aum@poysol

H3yueHbl uMMyHO2UCMOXUMUYECKUE USMEHEHUS 8 PE2UOHAPHBIX AUMPOY31aX NPU 0CMPOM UHPHEKYUOHHOM 80CNAAEHUU
U 8 npoyecce XpoOHU3ayuu 80CNAAEHUS], d UMEHHO, NPU 8MOPUHHO XPOHUHECKOM, NePBUYHO XPOHUYECKOM HEUMMYHHOM
U Nepeu1HO XpOHU4ECKOM UMMYHHOM 8ocnajaeHuu. HccaedosaHus ebinoHeHbl HA 246 KpbicaXx. Ocmpoe UHPeKyuoHHOoe
socnaJieHue 8bl3bl8aauU 8gedeHueM 8 06.1acmo 6edpa cymouHoll Kyabmypul Staphylococcus aureus, codepacaweti 2 Mapo
MUKPO6HbIX mes 8 1 M u3omoHuYecko2o pacmeopa xaopuda Hampus. BmopuuHo xpoHuyveckoe socnasieHue 8ochpo-
U3800U/IU NOOKOHCHBIM 88edeHUeM 8 o61acmb 6edpa 5 me A-kapazeHuHa 8 1 M/ U30MOHUYECKO20 pacmeopa Xaopuda
Hampus. [lepeuuHo XxpoHuveckoe 2paHy1emamosHoe 80cna/ieHue 8bi3blednu 8sedeHueM 8 ob.iacms 6edpa cepadexca
A-25 6 dosze 1 m2 8 1 M UB0MOHUYECKO20 pACmMEopa x/10puda Hampusl. XpoHuUYeckoe UMMYHHOE 80ChdJieHUe 80CNPoU3-
80oduu cybniaHmapHuiM 88edeHueM noHoz2o0 adsroeaima Ppeiinda e dosze 0,1 ma. UMMyHHble KaemKU U UMMYHO2/10-
6yAuHbI dugpepeHyupo8au ¢ NOMOWbIO KPbICUHBIX MOHOK/AOHAAbHLIX anmume (MKA), meuenvix PUTL], K anmuzeHam
CD3 (o6wue T-aumgpoyumsot), CD4 (T-rumgpoyumbwi-xeanepwi), CD8 (T-aumg@oyumel-cynpeccopsl yumomokcuveckue),
CD45RA (B-numgpoyumvt), ED1 (makpogazu), a maksice k IgE u IgG. Bbli1o ycmaHo81eHo, Ymo npu XpoHU4eckoM 8ocna-
JIeHUU akmueayusi pe2uoHapHbIX AUMPOY3/108 s18.15emcsl 60J1ee 8bIpaiceHHO, NpodoaxcumensHol u ¢asHol, yem npu
ocmpom. 06 smom ceudemenbcmayrom: HApACMaHUe B8bIPANCEHHOCMU KJAeMOo4HbIX UMMYHHbIX peakyull u ocnabaeHue
2YMOpPANbHbBIX, N0BbIUIEHUE CYNPECCOPHOU AKMUBHOCMU U CHUJCEHUe Xe/anepHoll, HapacmaHue MakpogpazanbHoll peak-
Yuu no cpagHeHur ¢ KOHMpoJieM, 803pacmanue kKoauvecmea aumgpoyumos-npodyyenmos IgG u IgE 6 aumgoysaax no
Mepe XpOHU3ayuUU 80CNaA/AeHUSI.
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THE ROLE OF ENDOGENOUS INTOXICATION IN THE LUNG
INJURY DEVELOPMENT IN EXPERIMENTAL DIABETES

MELLITUS

M.R.Gerasymchuk, B.M.Kishchuk, L.M.Zayats, V.V.Cherkasova

Ivano-Frankivsk National Medical University
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Today diabetes mellitus (DM) takes one of the major places among such common human diseases as cancer, cardiovascular
and mental diseases. However, not all aspects of the pathogenesis of the disease are sufficiently studied, and the proof of
this is the steady increase in morbidity, high mortality and complication rate. The object of the study was the blood of 48
albino Wistar male rats divided into 2 groups: the 1% group is intact (8 animals) and the 2" group is experimental animals
with streptozotocin-induced diabetes (n = 40). The markers of endogenous intoxication (EI) degree were determined in the
blood with the help of the level of the medium molecular weight peptides (MMWP), leukocyte intoxication index (LII) by
Kalf-Kalif, lactate content (LC) and the coefficient of leukocyte lung regulation (CLLR). As a result of the study conducted a
significant increase in the indices of EI was found due to progression of MMWP, (254 nm) and MMWP, (280 nm) by 14.89% and
17.08%, respectively, on the 14-th day of the experiment. After 28 days of the study LC increased almost 4 times, LIl - twice
and CLLR - by 3.4 times. The research results obtained have shown increase in EI markers of diabetes, among them CLLR
appeared to be the most sensitive. CLLR proposed by us indicates a pronounced delay of leukocytes in the microcirculatory
bloodstream of the lungs under conditions of streptozotocin-induced diabetes mellitus; in its turn, it leads to the lung injury.

iabetes mellitus (DM) is a
disease of metabolism; its
basis is persistent hyperglycemia,
the lack of insulin secretion and/or
insulin resistance. Chronic hyper-
glycemia is the basis of numerous
complications of the cardiovascu-
lar system, nervous system, eyes,
kidneys and other organs [7, 11].
According to the WHO data in
highly developed countries up to
4-6% of the population suffers from
diabetes. With age the incidence
of DM increases and after 65 years
reaches to 10-15%. Moreover, al-
most 80% are chronic complica-
tions of diabetes. Mortality in dia-
betes increases by 2-3 times, and
the life expectancy is reduced by
10-30%. The WHO Director-Ge-
neral Margaret Chan (2008) re-
ferred DM to four common human
diseases such as cancer, cardio-
vascular and mental diseases be-
ing the major burden for health
care. It is known that every 13-
15 years the number of people
with diabetes is doubled. Mostly
it refers to the number of patients
with type 2 DM [10].
Recent decades have been mar-
ked by significant advances in un-

derstanding the nature of type 1
and type 2 DM, its diagnosis and
treatment. However, not all as-
pects of the pathogenesis of the
disease are sufficiently studied,
and the proof of this is the steady
increase in morbidity, high mor-
tality and complication rate. Dia-
betic microangiopathy and neu-
ropathy are in the basis of them.
In diabetic patients there is a sig-
nificantrisk of development of athe-
rosclerosis and coronary heart di-
sease. More than 40% of ampu-
tations of lower limbs are the con-
sequence of diabetic foot syndro-
me. Diabetes is also the most com-
mon cause of blindness in human.
All of the abovesaid leads to con-
siderable investments aimed at tre-
ating diabetes and its complica-
tions. According to the data of the
International Diabetes Federation
the treatment cost per one pati-
ent with diabetes with at least one
chronic complication is 6-18 thou-
sand dollars a year [9].

It is known that diabetes cau-
ses disorder of carbohydrate me-
tabolism, first of all, but all links
of metabolic processes in the body
are affected [3, 7]. Therefore, the
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study of the endocrine system, as
well as the lungs as one of the main
organs of disintoxication in dia-
betes, is an urgent task.

The aim of the research was
to study the role of the main mar-
kers of endogenous intoxication
in experimental diabetes mellitus.

Materials and Methods

The object of the study was the
blood of 48 albino Wistar male rats
divided into 2 groups: the 1 group
is intact (8 animals) and the 2™
group is experimental animals with
streptozotocin-induced diabetes
(n=40). To model diabetes we se-
lected animals aged 2 months (with
the weight of 90-100 g). Strepto-
zotocin (“Sigma”, USA) was intro-
duced as a single intraperitoneal
injection in the dose of 60 mg/kg,
immediately before the injection
it was dissolved in 0.5 ml of 0.1 M
citrate buffer (pH = 4.5) [4]. The
solution was injected quickly as
within 1 minute its activity redu-
ced twice. Our study and mani-
pulations complied with the re-
quirements of the Law of Ukraine
“About protection of animals against
cruel treatment” (No. 1759-VI from
15.12.2009) and the international
principles of the European Con-
vention for the Protection of Ver-
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tebrate Animals Used for Experi-
mental and Other Scientific Pur-
poses.

Development of the disease was
monitored by increase of the glu-
cose level in the animals’ blood,
which was 10-15 mmol/L. Blood
sampling for the study was car-
ried out under ketamine anesthe-
sia (40 mg/kg); for this purpose
3 ml of blood were taken from the
tail vein on the 14 and 28 days of
the experiment. Along with tra-
ditional laboratory parameters the
degree of endotoxemia was ana-
lyzed with the help of the level
of the medium molecular weight
peptides (MMWP) determining the
leukocyte intoxication index (LII)
by Kalf-Kalif and lactate content
(LC) [6].

The assessment of the regu-
latory activity of the lungs was
determined by the coefficient of
leukocyte lung regulation (CLLR)
proposed (the patent of Ukraine
No.UA 71009) [1]. The methodo-
logical basis for its implementa-
tion was the comparative analy-
sis of the white blood cells of the
venous and arterial blood, the sam-
pling was performed simultane-
ously. To calculate the WBC count
in rats 0.4 ml of blood from the
right ventricle (V) and 0.4 ml of
blood from left ventricle (A) were
collected. CLLR was calculated using
the formula: (V-A) / Ax 100% whe-
re A is the number of leukocytes in
the arterial blood, V is the number
of leukocytes in the venous blood.

The data obtained were pro-
cessed using the nonparametric
criteria on a personal computer
with the help of “Statistica 6” pro-
gramme (“Statsoft, Inc.” - USA).
The reliability was assessed by
Wilcoxon test. In correlation ana-
lysis the Spearman’s rank corre-
lation coefficients (R) were deter-
mined. Differences were conside-
red to be reliable if the value R was
95% and more (p<0.05).

Results and Discussion

As a result of the study con-
ducted it has been found that the
concentration of the major mar-

kers expressing the intoxication
syndrome - MMWP significantly
increased after 14 days from the
start of simulation of DM, exceed-
ing the reference levels of MMWP,
(254 nm) and MMWP,, (280 nm),
respectively, by 14.89% and 17.08%.
On the 28-th day of the study MMWP
continued to grow significantly over
the parameters of intact animals.
Thus, the main components of
MMWP fraction are medium mo-
lecular weight peptides. Decom-
position of the protein molecules
resulting in the formation of me-
dium molecular weight peptides
occurs with the action of protei-
nases. Since the level of MMWP
depends, on the one hand, on in-
tensity of biopolymer decompo-
sition, and, on the other hand, on
the rate of excretion through de-
toxication organs, we can think of
aviolation of both components of
this process [2, 5, 6].

Another indicator that shows
the development of endogenous
intoxication (EI) is the level of the
lactate content (LC). More than
two-fold increase in the concen-
tration of LC already at the first
stage of the study should be noted,
and it, in turn, may indicate hy-
poxic conditions as a result of the
inadequate oxygen supply to tis-
sues. With the extension of the ex-
periment duration the level of LC
increases exceeding significantly
the control results more than 4 ti-
mes on the 28-th day. The LC ele-
vation from the early stages of dia-
betes may also indicate the invol-
vement and increased use of leu-
kocytes as a reaction of the non-
specific cellular links of immune
protection in response to develop-
ment of El, as well as their reten-
tion in the lung tissue due to ex-
cessive activation and sequestra-
tion and subsequent destruction
of the structural components of
the respiratory system with gene-
ral progression of destructive phe-
nomena [9].

To confirm assumptions about
active participation of leukocytes
in the processes of EI development,
taking into account the results ob-

tained, it was decided to evaluate
the response of white blood cells
to development of DM and lung
injury in rats. With this purpose
the LII was determined by Kalf-
Kalif. In 14 days from the begin-
ning of the experiment a signifi-
cant increase of the LIl by 48.23%
was recorded, it continued to in-
crease and on the 28-th day ex-
ceeded the indices of the first group
almost twice. These results may
indicate the excessive involvement
of leukocytes, particularly neutro-
phils in the inflammatory process
and their significant death [2].

To assess the role of leukocy-
tes in lung injury we analyzed the
quantitative difference of white
blood cells in the venous and ar-
terial blood, and CLLR was calcu-
lated. Thus, it was found that at
the first stage of the experiment
CLLR was significantly higher than
in control animals and was 4.38+
+1.32% in relation to 1.52+0.99%
in intact animals. In 28 days from
the beginning of the study the in-
crease of CLLR was determined; it
prevailed by 3-4 times over those
data observed in the first group
of rats. These results indicate a
significant delay of leukocytes ac-
tivated by endotoxins in the mic-
rocirculatory bloodstream of the
lungs, and subsequently it leads
to pathological changes in the res-
piratory organs as we have con-
firmed in the previous morpho-
logical studies [3].

Thus, hyperglycemia causes de-
velopment of the oxidative stress
and alters the activity of antioxi-
dant enzymes. These facts were
published earlier [2, 6, 11]. That
is why the processes of lipid per-
oxidation are significantly activa-
ted by prolonged duration of di-
abetes and play a certain role in
development of its late complica-
tions, including lung injury [5, 8].
So, we believe that one of the key
and perhaps a turning point in pro-
gression of respiratory pathology
in DM is a significant delay of leu-
kocytes activated by endotoxins in
the respiratory system with their
further aggression as for a “target



50

KAIHMHA PAPMALIA. - 2013. -T. 17,

Ne4

ISSN 1562-725X

organ”, which is the microcircula-
tory bloodstream of'the lungs [3, 10].
CONCLUSIONS
1. Under the conditions of the
experimental streptozotocin-indu-
ced diabetes mellitus increase in
markers of endogenous intoxica-

tion, such as the medium mole-
cular weight peptides, lactate, leu-
kocyte intoxication index and the
coefficient of leukocyte lung regu-
lation has been observed.

2. The research results obta-
ined have shown that CLLR pro-

posed by us indicates a pronoun-
ced delay of leukocytes in the mic-
rocirculatory bloodstream of the
lungs under conditions of strep-
tozotocin-induced diabetes mel-
litus; in its turn, it leads to the
lung injury.
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POJIb EH/IOTEHHOI IHTOKCUKAIIT Y PO3BUTKY JIETEHEBOT'O YIIKOMXEHHSA IMPU EKCNEPUMEHTAJIHOMY
OYKPOBOMY JIABETI

M.P.I'epacumuyk, b.M.Kiwyk, /.M.3asayys, B.B.Yepkacoea

IeaHo-Ppankiscbkull HayioHabHUll MeduuHull yHisepcumem

Karouosi cnosa: yykposuil diabem; cmpenmo3omoyuH; Je2eHese YUIKOOHCeHHS

Cvo0200Hi yykposuti diabem (L/]) nocidae odHe 3 hposidHUX MicYb ceped OCHOBHUX NOWUPEHUX 3AX80PHBAHb AHOJUHU:
cepyego-cyduHHUX, paky, ncuxitHux xeopob. O0Hak He 8ci ocobaugocmi namozeHe3y Yb020 3aX80PHBAHHSA 0OCMAMHbBO
sueyeHi, i JokasoM yb0o20 € HeyXuAbHUIl picm 3aX80p08AHOCMI, BUCOKA CMepmHicmb [ yacmoma yckaadHeHs. 06’ ekmom
docaidxceHHs 6yaa kpos 48 6inux wypis-camyie aiHii Bicmap, sikux 6ya0 po3dineHo Ha 2 epynu: 1 - iHmakmHa (8 mea-
puH) i 2 - meapuHu 3 ekcnepuMeHma/abHUM cmpenmo30moyuH-iHdykosaHum diabemom (n=40). ¥ kposi eusHa4au map-
Kepu cmyneHsi eHdozeHHoi inmokcukayii (EI) 3a donomozoro pigHsi moaekysn cepednvoi macu (MCM), aelikoyumapHozo
iHdekcy inmokcukayii (J1ll) 3a Kaavg-Kanipom, 3a emicmom nakmamy (J/IT) ma koegiyienmom snezeHesoi pezyasyii 3a
setikoyumamu (KP/1). Y pesyabmami docaidxceHHs1 6CMaHos8/1eHo docmogipHe 3pocmaHHs nokasHukie El 3a paxyHok
npoepecysanns MCM, (254 um) ma MCM, (280 nm) eionosioHo Ha 14,89% ma 17,08% yxce Ha 14 o6y ekcnepumeHmy.
JIT 3pic do kiHys docaidsxcenHs matixce y 4 pasu, JIII - yoeiui, a KP/I - y 3,4 pazu. Ompumani pe3yremamu cgiduames npo
HapocmaHHs MapKepis El npu L]/], ceped sakux Halibinbw yymausum susisuscst KP/I. 3anponoHosanuli Hamu KP/I ekasye
HA 8UPAXCEHY 3aMPUMKY AelKoyumie y 2eMOYUupKy/AsimopHOMY pyCAi 1e2eHb npu cmpenmo3omoyuHosomy diabemi, ujo,
8 C8010 Yepzy, CNPUYUHSIE 1e2eHe8e YUKOOHCeHHS.

POJIb 3HIOTEHHOM MHTOKCUKALIMY B PASBUTHUM JIETOYHOT'O OBPEXK/IEHUA NPU 3KCMTEPUMEHTA/IbHOM
CAXAPHOM JUABETE

M.P.I'epacbeimuyk, b.H.Kuwyk, /1.M.3asy, B.B.Yepkacoea
HeaHo-PpaHK08CKUIl HAYUOHAbHbIII MeOUYUHCKUI yHU8epcumem

Kaiouesvle caosa: caxapruI 6ua6em; cmpenmo30moyuH, jsiecoyHoe noeplecdeHue

Ce200Hs caxapHhblll duabem (C/]) 3aHumaem o0HO u3 gedyujux mecm cpedu OCHOBHbIX pACNPOCMPAHEHHbIX 3a601e8aHU
yes108eka: cepdeyHo-cocyoucmolx, paka, ncuxuveckux 6os1e3mell. 00HAKO He 8ce CMopoHbl namozeHe3a 3mozo 3abo.e-
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8aHUSI 0OCMAMOYHO U3y4eHbl, U 00KA3AMeabCMBOM IM020 8.15eMcsl HeYKAOHHbIU pocm 3a60/1e8aeMOCMU, 8blCOKAS
cMepmHocmb U yacmoma ocaoxcHeHul. 06sekmoM uccaedo8aHus 6bl1d Kposs 48 beavlx Kpblc-camyos AuHuu Bucmap,
Komopble 6blau pazdeseHsl Ha 2 epynnel: 1 - uHmakmuas (8 jcugomuuix) u 2 — #UB0OMHble € IKCNePUMEHMANbHbIM
cmpenmo3omoyuH-uHAyyuposaHHsIM duabemonm (n = 40). B kposu onpedessnu mMapkepbl cmeneHu 3H002eHHOl UHMOoK-
cukayuu (3H) c nomowbto yposHs Mo1eKya cpedHeli maccel (MCM), aetikoyumapHozo uHdekca unmokcukayuu (JIMH) no
Kanvgp-Kanugy, codepocarnusi nakmama (JIT) u koagppuyuenma snezouoli pecyasiyuu no aetikoyumam (KP/1). B pesyavma-
me uccs1e008aHuUsl ycmaHos/1eHo docmosepHoe yseauyeHue nokazameseil IU 3a cuem npozpeccuposausit MCM1 (254 um)
u MCM2 (280 nm) coomeemcmeeHHo Ha 14,89% u 17,08% yace Ha 14 cymku skcnepumenma. JIT 8blpoc K KOHYY ucce-
dosaHusi noumu e 4 pa3sa, JIMU - edeoe, a KPJI - 6 3,4 pasa. [losnyueHHble pe3yabmamsl caudemesbCmayom o Hapac-
maHuu mapkepog 31 npu C/], cpedu komopbix Haubo.1ee yyecmaumenvHbiM okaszasacsi KP/I [Ipedaoscennotii Hamu KPJI
yKa3vleaem Ha 8bIpANCEHHYH0 3A0ePHCKY AelKOYUMO8 8 2eMOYUPKYASAMOPHOM pyC/e Ae2KUX npu Cmpenmo30moyuHo8oM
duabeme, ymo, 8 8010 ouepeds, CNOCO6CMByem 1e204HOMY NOBPEHCOEHUH.
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CHRONIC FETAL HYPERGLYCEMIA AS A PREDICTOR
OF NEUROENDOCRINE IMBALANCE DEVELOPMENT
WITH METABOLIC DISTURBANCES

Yu

.M.Kolesnik, 0.V.Gancheva, Yu.l.Varodeeva, 0.V.Melnikova, O.V.Morozova

Zaporizhzhia State Medical University

Key words: neuroendocrine balance; carbohydrate and lipid metabolism; metabolic disturbances;
experimental gestational diabetes

The aim of the research was to estimate the influence of fetal hyperglycemia on the neuroendocrine balance and the state
of carbohydrate and lipid metabolism in prepubertal male rats. The research was carried out in 30 male 3 months old
Wistar rats, the descendants of female rats with the experimental gestational diabetes (EGD) and 15 male Wistar rats, the
descendants of female rats with normal pregnancy. In experimental animals the state of carbohydrate metabolism (the
blood glucose concentration, glucose tolerance test) and lipid metabolism (the concentration of lipids, triglycerides and
cholesterol in the blood plasma) was estimated. The concentration of insulin, leptin and corticosterone was also deter-
mined and the heart rate variability was analyzed. In our research the presence of neuroendocrine balance disturbances
in prepubertal male rats experienced fetal hyperglycemia has been found. Hyperlipidemia, hypercholesterolemia, hypertri-
glyceridemia and elevation of leptin, insulin and corticosterone levels have been observed along with fasting euglycemia.
The shifts of the hormonal balance revealed and indices of lipid metabolism develop simultaneously with alterations of the
vegetative balance characterized by the prevalence of its sympathetic component on the background of the parasympa-
thetic part activity, which was higher than normal. It has been proven by the increase of LE/HF index by 2.4 and increase of the
HF spectral capacity of the high-frequency component testifying the activity of the parasympathetic nervous system. The latter
was increased by 28% (p<0.05) in comparison with the animals of the control group. The fact of neuroendocrine imbalance in
the male descendants of the rats with EGD can be considered as an important prognostic sign of the metabolic disturbances de-
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velopment in the prepubertal period, which manifestation can be observed in adolescence with progression to old age.

tis known that in developed

countries the pandemia of
obesity is spreading now. Accor-
ding to the hypothesis of the eco-
nomic phenotype, obesity makes
the conditions, in which peculiari-
ties of metabolism “programmed”
by the events in the early period of
development transform into me-
tabolic disturbances [6, 7, 8].

In our previous investigations
it has been found that in the de-
scendants of female rats with the
experimental gestational diabe-
tes (EGD) the marked disturban-
ces of carbohydrate and lipid meta-
bolism develop with the age. These
disturbances reach the maximal
rate in the old age and are more
expressed in male descendants [3].
The key moments, in which meta-
bolism direction was altered, were
the perinatal period and period of
puberty. The perinatal period is
considered to be the stage of pro-
gramming and the period of pu-
berty is characterized by the im-

plemetation of the “metabolic al-
terations programme”. However,
it can be assumed that the predic-
tors of these disturbances should
manifest as early as in the period
of prepuberty, and their identifi-
cation will allow to make early pro-
gnosis and diagnosis of diseases,
which pathogenesis is based on
metabolic disturbances.

The aim of this research was
to estimate the influence of fetal
hyperglycemia on the neuroendo-
crine balance and the state of car-
bohydrate and lipid metabolism
in prepubertal male rats.

Materials and Methods

The present research was car-
ried outin 30 male Wistar rats, the
descendants of female rats with
EGD [1, 3] in the age of 3 months
corresponding to the human pe-
riod of prepuberty. The control
group included 15 male Wistar
rats, the descendants of female
rats with normal pregnancy. The

Yu.M.Kolesnik — Doctor of Medicine, professor, rector of the Zaporizhzhia State Medical
University, head of the Physiopathology Department of the Zaporizhzhia State Medical

University

animals were on the standard ra-
tion with free access to food and
water. In the end of the experi-
ment rats were decapitated un-
der ethaminal (40 mg/kg, intra-
peritoneally).

In experimental groups the
weight of the animal was taken
into account, the state of carbo-
hydrate metabolism (the concen-
tration of glucose was determined
by the glucose oxidase method, the
glucose tolerance test was carried
out) and lipid metabolism (the con-
tent of lipids, triglycerides and cho-
lesterol in the blood plasma was
determined with the standard tests
systems) was estimated. The con-
centration of insulin, leptin and cor-
ticosterone was also determined
using commercial kits (for deter-
mination of insulin - DRG, USA, cat.
No. 104-2935D, leptin - DRG, USA,
cat. No. 104-2395D, corticostero-
ne - DRG, USA, cat. No. 1124164D).
The process of the substance de-
termination corresponded strict-
ly to the directions of the kit ma-
nufacturer. The measurement of
results was performed on a Digi-
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Table 1
The weight of animals, indices of carbohydrate and lipid metabolism,
hormones concentrations in experimental rats (M+m)
Experimental group, . Glucose 'Trlglyce- Total Leptin conc, | Insulin conc, Corticoste-
age, number of | Weight, g conc. mM/L rides conc., | cholesterol na/mi U /ml rone conc.,
animals N mM/L conc., mM/L 9 H ng/mi
Control males 137.5+ 4.95+ 1.65+ 501+ 2.62+ 6.35+ 2.94+
3 months, n=15 5.8 0.11 0.05 0.14 0.08 0.22 0.15
f'i‘:;‘a:f:?aatzt\j”‘t’; EGD,| 2784+ 497+ 24+ 7.42+ 5.66+ 931+ 437+
! 4.6* 0.12 0.07* 0.46* 0.16* 0.39*% 0.32*
3 months, n=30
Note: * - reliable (pst<0.05) differences compared to the control group of male rats.
Scan-400 microplate photometer Table 2

(serial No. 70384).

For analysis of the heart rate
variability (HRV) [4, 5] the fre-
quency analysis was conducted to
identify the maximal general ca-
pacity of the spectrum (S2/Hz),
spectral capacity of high frequen-
cy, (HF), low frequency, (LF) and
very low frequency, (VLF) com-
ponents (the frequency range of
0.15-0.35 Hz, 0.05-0.15 Hz and
0.004-0.05 Hz, respectively), and
LF/HF ratio (index).

The experimental data obta-
ined was processed with Student’s
parametric statistics. The diffe-
rences in the compared groups
were considered to be reliable when
pst<0.05 [2].

Results and Discussion

In the process of our research
the influence of chronic hypergly-
cemia on fetus was achieved with
the EGD model. It was found that
even in the prepubertal period the
weight of 3-month-old experimen-
tal male rats was twice more than
in the control group of animals.
At the same time the glucose con-
centration was in the normal ran-
ge, the pattern of glucose curve
was normal in the glucose toleran-
ce test. The analysis of lipid me-
tabolism indices and hormones
concentrations revealed their sig-
nificant alterations: hyperlipide-
mia, hypercholesterolemia and hy-
pertriglyceridemia were identified.
Concentrations of the hormones
studied reliably exceeded the re-
sults obtained in the control group

Indices of frequency analysis of the heart rate variability
in experimental rats (M+m)

Experimental group, HF LF VLF
age, number of spectral spectral spectral | LF/HF ratio
animals capacity capacity capacity
Control males 0.14£0.05 | 029+0.1 | 3.1%1.1 2+0.16
3 months, n=15
Descendants of
female rats with EGD, | 0.18+0.07* | 0.33+£0.07* | 5.9+2.1 2.4+0.07*
3 months, n=15

Note: * - reliable (pst<0.05) differences compared to the control group of male rats.

of animals: the leptin concentra-
tion had twice increase, the in-
sulin concentration increased by
46% (p<0.05), the corticosterone
concentration increased by 49%
(p<0.05) (Table 1).

It should be mentioned that
alterations of the hormonal sta-
tus and lipid metabolism indices
described above developed simul-
taneously with the substantial dis-
turbances of the vegetative balan-
ce. Thus, in the descendants of fe-
male rats with EGD the prevalen-
ce of the sympathetic activity along
with the high activity of the pa-
rasympathetic part was identified.
This is evident from the increase
of LF/HF index to 2.4, which re-
flects the prevalence of the sym-
pathetic activity [4, 5], as well as
the increase of the spectral capa-
city of HF, which reflects the ac-
tivity of the parasympathetic ner-
vous system. The latter was in-
creased by 28% (p<0.05) compa-
red to the animals in the control
group (Table 2).

CONCLUSIONS

Thus, in our research the pre-
sence of neuroendocrine balance
disturbances in prepubertal male
rats experienced fetal hyperglyce-
mia has been proven. Hyperlipi-
demia, hypercholesterolemia, hy-
pertriglyceridemia and elevation
of leptin, insulin and corticosterone
levels have been observed along
with fasting euglycemia. The shifts
of the hormonal balance revealed
and indices of lipid metabolism
develop simultaneously with alte-
rations of the vegetative balance
characterized by the prevalence
of its sympathetic component on
the background of the parasym-
pathetic part activity.

The fact of neuroendocrine im-
balance in the male descendants
of the rats with EGD can be con-
sidered as an important progno-
stic sign of the metabolic distur-
bances development in the pre-
pubertal period, which manifes-
tation can be observed in adoles-
cence with progression to old age.
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XPOHIYHA I'IEPIVIIKEMIA IVIOAA K IPEAUKTOP ®OPMYBAHHA HEMPOEHOKPUHHOIO JUCBAJIAHCY
3 METABOJIIYHUMH INOPYIIEHHAMH

[0.M.KoaecHuk, O.B.I'aHuega, 10.1.Bapodeesa, 0.B.MeavHukosa, 0.B.Mopo3oea
3anopizvkuii depicasHuii MeduuHuil yHigsepcumem

Karouosi cnosa: HelipoeHOKpUHHUT 6a1aHC; 8y21e800HULl MA HcUPoBUll 0OMIH; MemaboAiYHi NOPYyWEeHHS;
eKcnepumeHmanvHull cecmayiiiHuli diabem

Memoto po6omu 6y/10 BCMAHOBIEHHS 8NAUBY BHYMPIWHLOYMPO6HOI 2inepaiikemii Ha HelipoeHOOKpUHHUL 6a1aHC ma
CMaH 8y2/1e800H020 i HUP0OB020 06MIHIE y camyis wypie npenybepmamHozo 8iky. JlocaidxceHHs 6ys10 npogedeHo Ha 30
3-micsauHux wypax-camysix AiHii Bicmap, Hawadkie camuysb 3 ekcnepumMeHmaabHuM 2ecmayitinum diabemom, ma 15 Ha-
wWadkie camok 3 HOPMAbHO 8A2IMHICMIO, Y IKUX OYIHI08AAU CMAH 8Y2/1e800H020 (KOHYeHmpayis 2/110Ko3u, nposodus-
€51 mecm moJiepaHmMHocmi 00 2110K03U) ma Hcuposozo (KoHyeHmpayis ainidis, mpuaaiyepudis i xonecmepuHy) o6MiHis,
8U3HAYAIU PIBHI 20pMOHI8 THCY/IHY, 1ENMUHY, KOPMUKOCMePOHY, Np0o8odu1u aHai3 eapiabesbHOCmMI cepyegozo pumamy.
IIpu nposedeHHi docaidxiceHHS 6Y/10 8CMAHOB/1EHO, WO Y caMyis wypis, Ki nepeHecu BHympiwHb0ympo6bHy zinepaiike-
Mito, 82ice 8 npenybepmamHoMy nepiodi cnocmepizanucs nopyuleHHs HelipoeH0OKpUHHo20 6aaaHcy. Ilpu ybomy y HUX Ha
mui eyesikemii Hamwecepye g8id3Hauaaucs zinepainidemis, 2inepmpuaaiyepudemis, einepxosecmepuHemisi 3i 36i1buieH-
HSIM pi8HS1 AIeNMUHY, IHCY/AIHY ma KopmukocmepoHy. Busig/1eHi 3pyuweHHs 20pMOHA/AbHO20 6AAAHCY | NOKA3HUKI8 HCUPO-
8020 06MIHY p038UBaAUCSI 00HOYACHO 31 3MIHAMU 8e2emamueH020 6a1aHCY, IKUll Xapakmepu3yeaecs NepesancaHHIM
lio20 cumMnamu4Ho20 kKoMnoHeHma Ha oHi 8UCOKOI akmusHocmi napacumnamuyHozo 8iddiny. [Ipo ye ceiduuo 36i1b-
weHHs iHdekcy LF/HF do 2,4 i cnekmpaibHOi nomysjcHOCmi 8UCOKOYACMomH020 KOMNOHeHmMa, wo ceiduums npo akmuse-
Hicmb napacumnamu4Hoi Hepsogoi cucmemu, sika Ha 28% (p<0,05) 6yaa suworo, Hixe y KOHMPOALHUX MeapuH. Bcma-
HosJ1eHUll hakm icHy8aHHS HelipoeHOOKPUHHO20 JUCOaAaHcy Y HaWaoKie camMokK 3 eKcnepuMeHmaabHuUM eecmayitiHum
diabemom MoxCHA po32190amu K 8aHCAUBUU NPOZHOCMUYHUL NOKA3HUK (POPMYBAHHS MemaboAiYHUX NOPYUueHb We 8
npeny6epmamHomy nepiodi, maHipecmayito AKUX MOx*CHA 6yde cnocmepizamu 8ice nicas nepiody cmamegozo 0o3pieaH-
HS1 3 NpO2Pecy8aHHAM 8Us18A€HUX 3MiH A0 cmapocmi.

XPOHUYECKAS FMIEPIJIMKEMUA IIJIOJA KAK IPEAUKTOP ®OPMHUPOBAHUA HEIMPO3HIOKPUHHOIO
JUCBAJIAHCA C METABOJIMMECKUMH HAPYIIEHUAAMHA

[0.M.KonecHuk, O.B.I'anuega, 10.H.Bapodeesa, 0.B.MeavHukosa, 0.B.Mopo3oea
3anopocckull 2ocydapcmeeHHblll MedUYUHCKULL yHUBepcumem

Karouesble cno8a: HeliposHOOKpUHHbBLI 6a1aHC; y2/1e800HbLI U HUpo8oll 06MeH; Memaboaudeckue HapyueHus;
KCnepuMeHManbHblil 2ecmayuoHHbIl duabem

Lenvro pabomul 6b110 ycmaHo8/AeHUE 8AUSTHUSI BHYMPUYMPOOHOU 2unepaaukeMuu Ha HellpoIHOOKPUHHbIL 6a1aHC U co-
cMosiHue y2/1e800H020 U HUPOBO20 OOMEHO8 Y CAMU08 KpbIC npenybepmamHozo 8ospacma. HccaedosaHue 6bl10 npose-
deHo Ha 30 3-x MecsiYHbIX Kpblcax-camMyax AuHUU Bucmap, nomomkax camok ¢ 3I/], u 15 nomomkax camok ¢ HOpMA/AbHO
npomekatoujell 6epeMeHHOCMbI, ¥ KOMOPbIX OYeHUBAAU COCMOSIHUE y2/1e800H020 (KOHYeHMpayust 2/10K03bl, NPOGO-
duscs mecm mo/iepaHMHOCMU K 2/110K03€) U H#cup0o8ozo (KOHyeHmpayus aunudos, mpuaauyepudos u xo1ecmepuHa)
06MeH08, onpedeasiau KOHYeHmpayu UHCYAUHA, 1IeNMUHA, KOpMUKOCMepoHa, nposodu/icsl aHaAu3 eapuabessHocmu
cepdeuHozo pumma. [Ipu npogedeHuu ucc1e0o8aHusl 6bl10 YCMAHOBAEHO, YMO Y CAMYO08 KPbiC, NepeHecuux 8Hympu-
YMpoGHYI0 2unepaauKeMulo, yice 8 npenybepmamHoM nepuode Ha6.1100aUCy HApyUleHUs1 Helip03HOOKPUHHO20 6a1aHCa.
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IIpu 3moMm y HUX Ha hOHe 3y2AuKeMUU HamowaK omme4aaucs 2unepaunudemusi, 2unepmpuaauyepudemusi, 2unepxo.e-
cmepuHeMusl ¢ ygeaudeHueM YpO8HS 1enMuHd, UHCYAUHA U KOPMUKOCMepoHd. BeisisneHHble cdguzu 20pMOHA1bHO20
6asaHca u nokazameaetl Hupogo2o 06MeHa passueaIucs 00HOBpeMeHHO C U3MEHEeHUAMU 8e2emamusHo20 6a1aHca,
Komopblll Xapakmepu3o8a.ics npeob6aadaHueM e2o CUMNAMUYecKko20 KOMNOHeHMa Ha poHe 8bICOKOU aKmugHoCmu
napacumnamuyeckozo omdesaa. 06 amom cgudemenbcmaosaso yeeaudeHue undekca LF/HF do 2,4 u cnekmpaibHoll
MOWHOCMU 8bICOKOYACMOMHO20 KOMNOHeHMa, caudemebcmaytowell 06 akmugHOCmMu napacumMnamuyeckKol HepeHotl
cucmemvl, komopas Ha 28% (p<0,05) 6bl1a 8blule, YeM y KOHMPOAbHBIX HUBOMHbIX. YemaHose1eHH bl hakm cyuecmeo-
8aHUS1 HelIpO3IHJOKPUHHO20 dUc6ananHcay Nomomkos camok ¢ 31 /] MosxcHo paccmampusams Kak 8adicHbLU npo2HoCmuye-
cKull nokasamesb opMUpyrOWuXcsl Memaboauveckux HapyuweHuil ewe 8 npenybepmamHom nepuode, MaHugpecmayuro
KOMOopbIX MOXCHO 6ydem Ha6.1100amb yxice nocae nepuodd nos108020 CO3Pe8aHUs C NPO2Peccupo8aHUeM Bbls18AEHHBIX
usMeHeHull K cmapocmu.
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METABOLIC DISTURBANCES IN HYPERTENSIVE SHR RATS

O0.V.Gancheva, Yu.M.Kolesnik, T.V.Abramova, N.Yu.Samoylenko, A.V.Abramov

Zaporizhzhia State Medical University

Key words: arterial hypertension; carbohydrate metabolism; lipid metabolism

The aim of research was to determine the parameters of carbohydrate and lipid metabolism biochemical indices in hyperten-
sive SHR rats. The research was carried out in 20 male Wistar rats and 47 SHR rats of 5-6 months old. The concentration of
glucose, insulin, leptin, lipids, triglycerides and cholesterol in the blood serum has been determined by biochemical methods.
The intraperitoneal glucose tolerance test has been carried out. The results of the research have shown that according to
the basal glycemia level in SHR rats 32% of animals have fasting normoglycemia, 38% - disturbed glucose tolerance, 30% -
fasting hyperglycemia. The glucose tolerance test in normoglycemic SHR rats resulted in hyperglycemia significantly ex-
ceeding the renal reabsorption threshold, and the indices of glycemia didn’t reach the normoglycemia range by the 90-th
minute of the test. Disturbance of glucose tolerance and fasting hyperglycemia in SHR rats was observed along with pro-
gressive increase of the animals’ body weight by 62-75%, and combined with increase of the leptin and insulin concentra-
tion, HOMA-IR index, as well as correlated with increase of the concentration of lipids, triglycerides and cholesterol in
blood. disturbances of the hormonal and cytokine balance were also revealed in these animals; they were characterized by
a high level of corticosteroids and pro-inflammatory cytokines (interleukin-6, tumor necrosis factor alpha) in blood. Such
disturbances of neuroendocrine, hormonal, cytokine, carbohydrate and lipid metabolism were observed in hypertensive
SHR rats definitely demonstrate the typical signs of metabolic disturbances by the diabetic pattern, and, in our opinion,
allow to consider hypertonic disease as a predictor of diabetes mellitus type 2 development.

ypertension and diabetes

mellitus are widespread di-
seases and their incidence among
the people of different countries
constantly rises [7]. The combina-
tion of these two diseases in a one
patient increases the pathogeni-
city of both of them [8]. For a long
time it has been considered that
hypertension and diabetes melli-
tus are not interrelated. However,
broad-scale epidemiologic research
at the beginning of the 21-st cen-
tury [6, 7] have shown that dia-
betes mellitus type 2 is frequently
accompanied with arterial hyper-
tension, and hypertension itself
may play the role of a risk factor
for diabetes mellitus type 2 deve-
lopment. Experimental verification
of hypothesis that arterial hyper-
tension is a predictor of diabetes
mellitus development can be car-
ried out in SHR rats (spontaneous-
ly hypertensive rats, Okamoto-Aoki
strain). By the main manifestations
this model of hypertension coin-
cides with the human pathology,
but it differs from its clinical pro-
totype with the following signs:
itis inherited with 100% frequen-
cy and the increase of systolic

arterial blood pressure more than
140 mmHg appears from the 3-rd
month of the animals’ life and lasts
for a long period of time [4].

The aim of research was to de-
termine the parameters of bioche-
mical indices of carbohydrate and
lipid metabolism in hypertensive
SHR rats.

Materials and Methods

The research was carried out
in 20 male Wistar rats and 47 SHR
rats of 5-6 months old. Systolic ar-
terial pressure (SAP) was measu-
red on the tail artery by a tonome-
ter with a modified cuff. Insulin
and leptin in the blood plasma were
detected by the enzyme immuno-
assay with the help of test systems
manufactured by DRG (USA), the
concentration of glucose was de-
termined by the glucose oxidase
method. The glucose tolerance test
was carried out with a single in-
traperitoneal injection of glucose
in the dose of 2 g per 1 kg of the
animal’s weight. The concentra-
tion of lipids, triglycerides and
cholesterol was determined with
the test systems manufactured by
Lachema (Czech Republic) on a

0.V.Gancheva — Doctor of Medicine, associate professor of the Physiopathology
Department of the Zaporizhzhia State Medical University

Libra S32PC spectrophotometer
(Biochrome, Great Britain). The
data obtained were analyzed with
the help of the statistical program-
mes package. Student’s t-test was
used for estimation of reliability
of differences in the groups.

Results and Discussion

The results of the fasting glu-
cose tests after 16-hours food de-
privation allowed us to divide the
experimental group of SHR rats
into three approximately equal
groups: animals with normogly-
cemia (n=15, 32%), animals with
disturbed glucose tolerance (n=18,
38%) and animals with hypergly-
cemia (n=14, 30%). In normogly-
cemic SHR rats the body weight
did not different from those of Wi-
star rats, but indexes of SAP were
48% higher (155.7+0.9 mmHg)
than in normotensive Wistar rats
(105.0£1.1 mmHg). At the same
time the glucose and insulin con-
centrations in blood in normogly-
cemic SHR rats were higher than in
normotensive Wistar rats - 10.9%
and 27.7%, respectively; and this
resulted in increase of the insu-
lin resistance HOMA-IR index to
the upper limit of the normal va-
lue (Table). The results of gluco-
se tolerance tests in SHR rats were
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Hormonal and metabolic indexes in Wistar and SHR rats (M+m) (n = 67)

Table

SHR rats
Index Wistarrats | \yith normoglycemia, | with disturbed glucose | with hyperglycemia,
n=15 tolerance, n=18 n=14
Weight, g 232.2+6.7 236.2+3.9 377.0+5.1 * 405.7+4.8 *12
Glucose, mmol/L 3.94+0.09 473+0.10 * 6.03+0.1 *! 7.38+0.20 *12
Insulin, plU/ml 8.61+£0.41 10.99+0.37 * 15.31+0.64 *' 25.97+0.47 *'2
Leptin, ng/ml 3.49+0.12 3.67+0.45 4.32+0.53 6.95+0.62 *'2
HOMA-IR 1.44+0.08 2.74+£0.15* 4.10%0.14 * 8.52+0.26 *'2
Total lipids, g/L 3.42+0.06 5.20£0.15* 5.84+0.17 ¥ 7.07+0.15 *12
Total cholesterol, mmol/L | 4.88+0.169 6.91+0.20 * 8.32+0.17 *! 9.14+0.25 *'2
Triglycerides, mmol/L 1.29+0.04 1.96+0.05 * 2.43+0.06 *! 2.82+0.04 *'2

Note: the reliable differences (p<0.05) compared to Wistar rats (*), normoglycemic SHR rats(') and SHR rats with disturbed glucose

tolerance (3.
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Fig. The glucose folerance test in rats with fasting euglycemia (the mean
value + confidence interval) (n = 35)

considerably different in compa-
rison with normotensive Wistar
rats: the glycemia peak was ob-
served later (by the 30-th minu-
te) and it significantly exceeded
the renal reabsorption threshold;
on the 90-th minute of the test,
glycemia indices did not reach the
normoglycemic range (Figure).
Therefore, euglycemic indices of
fasting glucose tests in SHR rats
are not considered to be a sign
of the carbohydrate metabolism
physiological state. In addition,
normoglycemic SHR rats demon-

strated higher concentrations of
lipids, triglycerides and choleste-
rol; and it to a certain extent re-
flects the presence of metabolic
disturbances demonstrated in our
previous publications [3, 5, 9].
Disturbances of glucose tole-
rance and fasting hyperglycemia
in SHR rats were combined with
increase of the leptin and insulin
concentration, as well as HOMA-
IR index. These facts suggested
about development of the prima-
ry insulin resistance in hyperten-
sive rats. Earlier we revealed the

disturbances of the hormonal and
cytokine balance in these animals;
they were characterized by a high
level of corticosteroids and pro-
inflammatory cytokines (interleu-
kin-6, tumor necrosis factor alpha)
in blood [1]. Misregulating distur-
bances of neuroendocrine regu-
lation of hypothalamic feeding cen-
tres in SHR rats [2] developed along
with progressive increase of the
animals’ body weight by 62-75%;
and it correlated with increase of
the concentration of lipids, trigly-
cerides and cholesterol in blood.
Such disturbances of neuroendo-
crine, hormonal and cytokine, car-
bohydrate and lipid metabolism
revealed in hypertensive SHR rats
definitely demonstrate the typi-
cal signs of metabolic disturban-
ces by the diabetic pattern, and,
in our opinion, allow to consider
hypertonic disease as a predictor
of diabetes mellitus type 2 develop-
ment.

CONCLUSIONS

1. The signs of insulin resistan-
ce are observed in hypertensive
SHR rats both in normoglycemia
and hyperglycemia.

2. Hypertensive SHR rats are
characterized by disturbances of
carbohydrate and lipid metabo-
lism that are typical to diabetes
mellitus type 2.



58 KAIHHHA PAPMALIA. —2013. —T. 17, Neo4 ISSN 1562-725X
REFERENCES

1. Tanuesa O.B. // KaiHiyuHa ma ekcnepum. namoda. - 2010. - T. 9, Ne2 (32). - C. 5-8.

2. Tanueea 0.B., Koaecnuk FO0.M., MeavHukoea O.B. u dp. // llamoan. - 2011. - T. 8, Ne2. - C. 15-17.

3. KosecHuk I0O.M,, I'anuesa O.B., A6pamos A.B., Kambiwnbiil A.M. // 3anoposcckuii med. xcypH. — 2007. -
Nei. - C. 5-10.

4. Jlakomkuu B.JI, Cmyduesa U.M., I[lucaperko O.H. u dp. // Kapduox. — 2000. - T. 8, Ne4. - C. 53-61.

5. Gladys E. // Metabolism. - 1988. - Vol. 37, Ne4. - P. 318-322.

6. Hu F.B. // Diabetes Care. - 2011. - Vol. 34, Ne6. - P. 1249-1257.

7. International Diabetes Federation. The IDF Diabetes Atlas. 4" Ed. - Brussels: International Diabetes
Federation, 2009. [9nekmpoHnHbiil pecypc]. — Pexcum docmyna Ha caiim: http://www.idf.org/diabetesatlas/

8. Roglic G, Unwin N. // Diabetes Res. Clin. Pract. - 2010. - Vol. 87, Ne1. - P. 15-19.

9. Wold L.E, Retting D.P., Duan J. et al. // Hypertension. - 2002. - Vol. 39, Ne1. - P. 69-74.

Address for correspondence: Received in 04.10.2013

26, Mayakovsky av., Zaporizhzhia, 69035, Ukraine.
Tel. (612) 34-35-61. E-mail: flaminaK@rambler.ru.
Zaporizhzhia State Medical University

METABOJIIYHI IOPYIUEHHA Y TNEPTEH3UBHHUX LIYPIB JIIHIf SHR
0.B.Ianuesa, I0.M.Kosaecnuk, T.B.A6pamosea, H.I0.CamoliieHnko, A.B.A6pamos
3anopizvkuii depicasHuii MeduuHulil yHigepcumem

Karouosi cnosa: apmepianvHa 2inepmensisi; 8ye/1e800HUT 00MiH; AiniOHULI 06MiH

Memoto docaidsceHHs 6Y/10 BUZHAYEHHsI hapamempig 610XiMIYHUX NOKA3HUKI8 8y21e800H020 ma AinidHo2o 2oMmeocmasy
y einepmeH3susHux wypie ainii SHR. [locaidxcenns nposedero Ha 20 camysix wypie ainii Wistar ma 47 wypax ainii SHR
gikom 5-6 mic. BioXiMiYHUMU Memodamu 8U3HAYaAU KOHYeHmpayilo y cuposamyi kposi 2/10K03u, IHCYAIHY, 1enmuHy,
/ainidis, mpuaaiyepudie i xonecmepury. [Ipogoduiu 8HympiuHb004epeguHHO mecm mo/epaHmHocmi 0o 2A0Ko3uU. 3a
pieHeM 6azanbHOi enikemii ceped wypie Ainii SHR 32% cmaHosa51mb meapuHu 3 HopMozaaikemiero, 38% — 3 nopyuieHow
mosepanmuicmio do aarko3u i 30% - 3 einepaaikemieio. [IposedeHHs mecmy moiepaHmHocmi 00 2/110K03U y HOPMO21i-
KemiuHux wjypie ainii SHR npusgodusio do zinepanikemii, o 3Ha4Ho nepesuuyy8a.ia nopie HUpK08oi peabcopbyii 2a10ko3u,
npuvomy Ha 90-U xeuauHi mecmy noKasHuKu aaikemii He docsizanu HOpMozaiKeMiuHo20 dianazoHy. [lopyuieHHsT mo-
sepaHmHocmi do 21w0ko3uU I popmysaHHs 2inepaaikemii Hamuwe y wypie ainii SHR gid6ysasocsi Ha mai npozpecyoyvo2o
36i1bWeEHHS MACU Miaa meapuH Ha 62-75%, noedHy8a.10cs 3 nidsuweHHAM KOHYeHmpayii iHcyaiHy, ienmuHy ma iHdekcy
iHcyaiHopesucmenmuocmi HOMA, a makodic kopea08asio 3 nidsuujeHHAM KoHYyeHmpayii 8 kposi sinidie, mpuaaiyepudie
i Xxonecmepuny. Ha yux meapuHax makoxc 6y/10 npo0eMoHCMpo8aHo JUc6aaaHc 20pMOHIE ma YUMOKIHIe, AKi xapak-
mepusysaucsl BUCOKUM pIBHEM 8Micmy KOpmuKocmepoidie ma npomu3anaabHUx Yumokinie kpogi. Take nopyweHHs
HelipoeHAOKPUHHO20, 2yMOPA1bHO20, YUMOKIHHO020, 8y2/1e800H020 ma AinidH020 Memab6o.1i3My cnocmepizanocsy einep-
meH3usHux wypie niHii SHR, ki xapakmepHi dasa diabemy 2-20 muny.

METABO/IMYECKHUE HAPYIIEHUA Y THIIEPTEH3UBHBIX KPbIC IMUHUH SHR
0.B.I'aHuesa, I0.M.KonecHuk, T.B.A6pamosa, H.I0.Camoiiienko, A.B.A6pamos
3anoposcckuii 2ocydapcmeeHHblii MedUyuHCKUll yHUgepcumem

Karouesvle cnosa: apmepuanvHas 2unepmeHsust; yeae800Hbll 06MeH; AUNUOHbLI 06MeH

Leavto uccaedosarus 6bl/10 onpedesieHue napamempos 6UOXUMUYECKUX NOKa3ameell y2/1e800H020 U AUNUOHO020 20Meocma-
3ay eunepmeH3u8HbIX Kpblc AuHuUU SHR. Hccaedosanue nposedero Ha 20 camyax kpwic aunuu Wistar u 47 kpvicax AuHuU
SHR sospacmom 5-6 mec. Buoxumuueckumu memodamu onpedensnu KOHYeHmpayuio 8 Cbl80OPoOMmMKe Kposu 2/110K03bl, UH-
CyAUHa, 1enmuHa, AUunudos, mpuaauyepudos u xonecmepuHa. [Ipogoduau 6HympubprowuHHbII mecm moepaHmHocmu
K antoko3e. 1o yposHio 6a3anbHoll enukemuu cpedu kpwic auHuu SHR 32% cocmasasiiom jxcugomHble ¢ Hopmozaukemuel,
38% - ¢ HapyweHHOl mosepaHmHocmylo K 2atokose u 30% - ¢ ezunepaaukemuetl. [IposedeHue mecma mosiepaHmHocmu
K 2/110K03€e y HopMoaauKemuveckux kpoic aAuHuu SHR npusodusio k 2unepaaukemuu, 3Ha4ume1bHo npesbluiaroujeli nopoz
noueyHoll peabcopbyuu 2a10Kko03bl, npuveM k 90-i MuHyme mecma nokasameau eAukeMuu He docmuzaau HOpMozauKe-
Muyeckozo duanas3oHa. Hapywerue moaepanmHocmu k 2110ko03e U (popMuposaHue 2unepaaukemMu HAMowax y Kpbic
auHuu SHR npoucxoduso Ha poHe npozpeccupyroujezo yseaudeHust Maccbl mead #}u8omHbulx Ha 62-75%, covemasocs ¢
nosvlueHueM KOHYyeHmpayuu UHCyAUuHa, 1enmuHa U uHdekca uHcyauHopeucmenmuocmu HOMA, a makaice koppenu-
p08aJI0 C No8blUWEHUEeM KOHYeHMpayuu 8 Kposu Aunudos, mpuaauyepudos u xoecmepuHa. Ha amux #usomHubix makice
6bL1 npodeMoHCMpPUpo8aH ducba1aHc 20pMOHO8 U YUIMOKUHO8, KOMOopble Xapakmepu308auUch 8bICOKUM YPOBHEM CO-
depacanusi Kopmukocmepoudos U npoeocnaaumebHbIX YumokuHos Kposu. Takoe HapyuleHue HelipoaHJOKPUHHO20, 2y MO-
Pa/bHO20, YUMOKUHHO20, Y2/1€800H020 U AUNUJHO20 MemaboausmMa Hab61100a10Cch y 2unepmeH3usHbslx kpuic auHuu SHR,
Komopble xapakmepHbl 04151 duabema 2-20 muna.
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THE PATHOGENETIC SUBSTANTIATION OF EFFICIENCY OF

DRUG CORRECTION OF THE EXPERIMENTAL REPERFUSION
SYNDROME BY COMBINED APPLICATION OF PROTEOLYSIS
INHIBITORS AND ANTIOXIDANTS
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Recently for the treatment of reperfusion syndrome (RS) the use of inhibitors of proteolysis and antioxidants is more often
recommended. This is due to the fact that today pathogenesis of RS is considered from the standpoint of development of the
systemic inflammatory response syndrome, which occurs with the excessive activation of the proteolytic enzymes, cytokines
and other inflammatory mediators. In this regard, it seems appropriate to have simultaneous exposure to the pathogenetic
links mentioned. However, at present the possibility of the combined use of these drugs to potentiate their effect and simul-
taneous influence on different links in the pathogenesis of RS, as well as their influence on the reactions of cytokine homeo-
stasis are not understood well. The aim of this study was to provide the pathogenetic substantiation of efficiency of the com-
bined use of inhibitors of proteolysis (“Gordox” medicine, 20 000 IU/kg) and antioxidants (“Corvitin” medicine, 10 mg/kg)
for drug correction of the experimental RS. The combined use of inhibitors of proteolysis and antioxidants for correction
of the experimental drug RS is most effective in reducing the total proteolytic activity and concentrations of major pro-
inflammatory cytokines in the blood serum compared to the effects of monotherapy due to the simultaneous effect on
several main pathogenetic links of RS and potentiation of the effects of the drugs used.

Recently for the treatment
of reperfusion syndrome
(RS) the use of inhibitors of pro-
teolysis and antioxidants is more
often recommended [1, 7]. This is
due to the fact that in the patho-
genesis of RS the leading role is
played by the excessive activation
of the proteolytic enzymes, cyto-
kines and other inflammatory me-
diators. The excessive activation
of biologically active substances in
critical conditions are increasingly
interpreted in terms of develop-
ment of the systemic inflammatory
response syndrome (SIRS resulting
in changes of homeostasis with dys-
function of the kallikrein-Kkinin sys-
tem, blood coagulation and com-
plement systems [2, 3, 5, 6, 8-10].

It is believed that medicines
of the group of proteolysis inhi-
bitors (aprotinin) reduce the total
proteolytic activity, inhibit the kal-
likrein-kinin system, have hemo-
static and antifibrinolytic effects.
Of the drugs that have the anti-
oxidant effect, quercetin is quite
often used in critical conditions,
its effect is due to decrease of cy-

totoxic superoxide anion produc-
tion, blocking of the lipoxygenase
pathway of leukotrienes synthe-
sis, which is accompanied by the
inhibitory effect on the membra-
notropic enzymes involved in de-
gradation of the cell membrane
phospholipids. However, nowa-
days the use of these medicines
for correction of reperfusion dis-
orders is a subject of debate, and
the possibility of their combined
use for the simultaneous influen-
ce on different links in the patho-
genesis of RS is still under study.

In this connection, the aim of
this work was to provide the pa-
thogenetic substantiation of effi-
ciency of the combined use of in-
hibitors of proteolysis and antioxi-
dants for drug correction of the
experimental RS.

Materials and Methods

Experiments were carried out
on 58 white Wistar male rats with
the body weight of 180-210 g in
accordance with the principles of
bioethics. The ischemia-reperfu-
sion syndrome was simulated by

M.l.Fedosov — a post-graduate student of the Physiopathology Department of the
Crimean State Medical University named after S.I. Georgievsky (Simferopol)

applying rubber bands on both
hind limbs at the level of the in-
guinal fold for the period of 6 hours.
The width of the clamped tissues
was 2-3 mm. Indication of the cor-
rectness of the tourniquet’s appli-
cation was the absence of edema
of the limbs and their pale colour-
ing. Revascularization was perfor-
med at once by dissection of the
rubber bands after six-hour appli-
cation [1].

Animals were euthanized in
12 hours after reperfusion under
thiopental anesthesia by decapi-
tation; then the blood sampling
was taken for research. Each group
of animals with RS without treat-
ment and on the background of
treatment included 12 rats. The
group of intact animals (n = 10)
was as the control group.

Treatment of the experimen-
tal animals was performed in dif-
ferent way for three groups: the
first group was treated with the
proteolysis inhibitor (“Gordox” me-
dicine (Gedeon Richter, Hungary))
in the dose of 20,000 IU/kg of the
body weight, the second group had
the treatment with the antioxidant
(a water soluble form of querce-
tin, “Corvitin” medicine (Borshcha-
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Table 1

Changes in the protease-inhibitor blood system
of rats in development of the ischemia-reperfusion
syndrome under the drug correction (M+m)

ELA, TLA, »
Group | mem/mlmin|  1U/ml a-1-IP AS|
Control (n=10) | 2.19+0.14 | 0.26+0.02 | 34.67+157 | 6.83+0.30
RS, 12h(n=12) | 0.41+0.02* | 0.73+0.06* | 25.76+1.76 | 3.39+0.30*
?nszﬁ zfordox 1.17+0.08* | 0.44+0.02* | 28.48+2.23 | 535+037**
Fnszﬁ zfor‘”t'” 1.13+0.13* | 0.29£0.07% | 22.95:2.18 | 5.22+0.41%*
RS +"Corvitin"+ | 4 10.000% | 02140.03* |36.2642.17%*| 6.93+0.57*

Gordox" (n=12)

Note: An asterisk indicates reliability of differences in relation to the control group:
* - p <0.001, ** - p <0.01, n — the number of animals.

hiv CPP, Ukraine)) 10 mg/kg of the
body weight, the third one rece-
ived the combination of the pro-
teolysis inhibitor and the antioxi-
dant (in appropriate doses). The
drugs were introduced intraperi-
toneally to all experimental ani-
mals with a single dose 30 minu-
tes before revascularization of the
limbs.

Determination of activity of the
components of the protease-inhi-
bitor system were carried out using
enzymatic methods [4] on a “Bio-
mat 5” spectrophotometer (UK).
The trypsin-like activity (TLA) was
measured by the rate of elimina-
tion of N-benzoyl-L-arginine from
the synthetic substrate of ethyl ester
of N-a-benzoil-L-arginine ethyl es-
ter hydrochloride (BAEE) (Sigma).

Determination of elastase-like ac-
tivity (ELA) was based on the stu-
dy of the hydrolysis rate of a syn-
thetic substrate Boc-L-alanine-4-
nitrophenyl ester (Boc-Ala-ONp)
(Sigma). Determination of the con-
centration of alpha-1-proteinase
inhibitor (a-1-1P) was performed
measuring the inhibition of the tri-
psin-caused decomposition of BAEE.
Similarly the activity of acid-stab-
le inhibitors (ASI) was determi-
ned after pretreatment of the se-
rum by warming in the acidic me-
dium.

Identification of the concen-
tration for major pro-inflammato-
ry cytokines, IL-13, IL-6 and TNF-a
was performed by the solid pha-
se enzyme immunoassay using kits
of reagents manufactured by “Ray-

Table 2

Changes in the system of cytokines in the blood
of rats in development of the ischemia-reperfusion
syndrome under the drug correction (M+m)

Group IL-1B, pg/ml IL-6 TNF-a
Control (n=10) 555.2+40.3 28.2+5.5 4.4+0.8
RS, 12 h (n=12) 5303.8+289.5 670.1+49.0 71.1+11.0
?ns; zfordox 1440.1+47.4 153.1422.4 13.3+13.3
FnS:J; 2?‘”"'“” 1276.4+61.8 270.2+48.9 18.6+4.4
RS+"Gordox” + 518.5+21.9 164.7+127.6 154415

Corvitin” (n=12)

Note: reliability of differences in relation to the control group for all values

of p<0.001. n — the number of animals.

Bio” (USA). The results were re-
corded using a microplate scanner
with the wavelength of 450 nm.
Statistical data processing was
carried out using the methods of
variation statistics with the cal-
culation of the mean values (M),
estimation of the probabilities of
discrepancies (m), estimation of
the reliability of changes using the
Student’s t-test. Difference between
the mean values was taken as the
reliable difference with p<0.05.

Results and Discussion

As is shown in our earlier stu-
dies, development of RS is accom-
panied by activation of the non-
specific protease activity with si-
multaneous inhibition of activity
of their inhibitors and increased
concentrations of the major pro-
inflammatory cytokines in the blood
serum. All these changes are ma-
ximally expressed in 12 hours af-
ter reperfusion [5].

Drug correction of the expe-
rimental RS showed that the com-
bined use of proteolysis inhibitors
and the antioxidant led to the most
effective reduction of the severi-
ty of changes of the parameters stu-
died (Table 1). For example, TLA
after the proteolysis inhibitor mo-
notherapy decreased by 1.7 times,
after the antioxidant monothera-
py - by 1.5 times, and after the com-
bined use of the drugs - 3.5 times as
compared to the untreated group.
a-1-IP reached its maximum value
with the combined use of the pro-
teolysis inhibitor and the antioxi-
dant, becoming 1.3 times higher
compared to the proteolysis inhi-
bitor monotherapy and more than
1.5 times higher in comparison with
the antioxidant monotherapy. A si-
milar trend was observed in the
dynamics of the ASI-activity.

In the system of pro-inflam-
matory cytokines the most effec-
tive reduction of the concentra-
tion of IL-13 more than 10 times
compared to the untreated group
was achieved in the case of the com-
bined use of the proteolysis inhibi-
tor and the antioxidant (Table 2).
However, the concentration of IL-6
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and TNF-a in the case of the pro-
teolysis inhibitor monotherapy, as
well as in the case of the combi-
ned therapy decreased approxi-
mately four times compared to the
untreated group.

These experimental data show
that the combined use of proteo-
lysis inhibitors and antioxidants

is more effective in comparison
with monotherapy. Efficiency of
using such combination is expla-
ined by the simultaneous influen-
ce on several major pathogenetic
mechanisms and is confirmed by
an effective reduction in the to-
tal proteolytic activity and con-
centrations of the major pro-in-

flammatory cytokines in the blood
serum. The use of antioxidant pro-
motes the protection of the pro-
teolysis inhibitor from oxidative
damage, thereby potentiating the
efficiency of the latter; and the use
of a water soluble form of quer-
cetin promotes more rapid achieve-
ment of the therapeutic effect.
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INIATOTEHETUYHE OBI'PYHTYBAHHA E®EKTUBHOCTI MEAUKAMEHTO3HOI KOPEKIIIi EKCNEPUMEHTAJILHOTO
PENEP®Y3IMHOI'O CHHAPOMY NNOEAHAHUM 3ACTOCYBAHHSAM IHT'IBITOPIB IIPOTEOJII3Y TA AHTUOKCUJAHTIB

M.I.®edocos, /1.B.AHucumoesa, A.B.Ky6uwkin
Kpumcokuii depicasruti meduyHuii ynisepcumem im. C.IL.Teopzieecbkozo

Karwuosi caoea: penepgysis; npomeinasu; yumokiu,; iHei6imopu npomeosizy; aHmuokcudaHmu

OcmaHHIM vyacom 0ns AikysanHst penepdysitinozo cundpomy (PC) ece vacmiuie pekoMeHOYEMbCS1 BUKOPUCMAHHS IH2i6imopie
npomeosizy ma aumuokcudanmie. Le nog’azano 3 mum, wjo Ha cyvacHomy emani namozeres PC, sk i 6inbwocmi KpumuvHux
cmatie, po32as10aembcsl 3 NO3Uyitl po38UMKy CUHOPOMY CUCMEMHOT 3anaibHoOi peakyil, npu IKOMy BUHUKAE HAOMIpHA akmu-
sayist npomeoAimu4Hux hepmeHmia, npo3anaibHUX YUMOKIHIe ma iHwux mediamopis 3anasieHHs. Y 368’3Ky 3 yum npedcmas-
JI51EMbCS1 00YLNbHUM 00HOUYACHUL 8N/1US HA nepeaideHi 1aHKU namozeHe3y. OOHAK, Ha Cb0200HIWHIT OeHb MOXHCAUBICMb 0OHO-
YACHO20 3aCMOCY8AHHS 8KA3AHUX hpenapamis 3 Memor NomeHyit8aHHs ix eghekmy i 00HOUACHO20 8NAUBY HA PI3HI NAHKU
namoeeHe3y PC, a makodic ix anaue Ha peakyii yumokiHo8020 20Meocmasy sus4yeHi HedocmamHso. Memoro Yybo2o docidiceH-
Hs1 6)/10 namozeHemuyHe 062pyHMy8aHHs egheKmugHocmi NOEOHAHO20 3acMoCcy8aHHsl iH2ibimopie npomeoidy i aHmuokcu-
danmie 04151 MedukameHmosHoi kopekyii ekcnepumenmasbHoz2o PC. PC M00ea108aAU WASXOM HAKAAOEHHs 2yM08UX 0xcaymis
Ha o6udai 3a0Hi KIHYieKu wjypie Ha pisHi naxoeoi ckaadku cmpokom Ha 6 200uH. JlikyeaHHs1 nposoduau nocepiliHo 3 8uUKopuc-
maHHM iH2ibimopie npomeonisy (npenapamy «lopdokc» y do3i 20000 0/]/kz), aumuokcudanmis (npenapamy «Kopgimuh» y
dosi 10 m2/k2) ma ix kombiHayii'y 8ionosidHux dosax. Ompumari pesyrbmamu nokasaau, wo Npu 00HOUACHOMY 3ACMOCY8aAHHI
iHei6imopie npomeoidy i aHmuokcudanmis a3 medukameHmMo3Hoi Kopekyii ekcnepumenmasnvHozo PC gid3Hauaemubcs Hall-
6ibwW edheKkmuaHe 3HUNCEHHS CyMAapHOT npomeoaimu4Hoi akmueHocmi i KOHYeHmMpayii OCHOBHUX NPO3aNA/ILHUX YUMOKIHI8
Yy cuposamyi kposi nopisHsaHo 3 egpekmamu 8i0 MoHomepanii, ujo 06yM08,1eH0 00HOHACHUM BNAUBOM HA KiNbKA OCHOBHUX
namozeHemuy4Hux 1aHok PC i nokpawjeHHsAM edhekmy 8i0 suKopucmaHux npenapamis.

MATOTEHETHUYECKOE OBOCHOBAHUE 3®®EKTUBHOCTH MEAUKAMEHTO3HOM KOPPEKLIMH
JKCINEPUMEHTAJIBHOI'O PENEP®Y3HUOHHOI'O CHHAPOMA COYETAHHBIM NIPUMEHEHUEM UHT'HBUTOPOB
MNMPOTEOJIN3A U AHTHOKCUJAHTOB

M.H.®edocos, /1. B.AHucumoea, A.B.Ky6bl1uukuH
Kpwimckuii eocydapcmeeHHblil meduyuHckuii yHueepcumem um. C.H.Ieopzueackozo

Katouesbie cio8a: penepdysusi; npomeuHassl; YUmMoKUuHbl; UH2UGUMOPbLI NPOMEOAU3A; AHMUOKCUOAHMbI

B nocsaednee epems 051 neveHust penepgysuonHozo cuHdpoma (PC) ecé yawe pekomeHdyemcsi Ucno/1b308aHue UH2UbU-
mopos npomeousa U AHMUOKCUOAHMO8. IMo C8513aHO C MeM, YUMo Hd cO8peMeHHOM amane namozeHe3 PC, kak u 60.1b-
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WUHCMBa Kpumu4eckux COCMosiHUll, paccmampueaemcs ¢ no3uyull pazeumusi CUHOpoOMA CUCMEMHOU 80CNAAUMENbHOU
peakyuu, npu KOMopoM npoucxooum 4pe3mMepHasi akmugayust npomeoAUMu4eckux epMeHmos, Npo8oCcnaIUMeAbHbIX
YumokuHog u dpyaux meduamopos socnaeHusl. B cessu ¢ amum npedcmagasemcs yeaecoo6pasHblM 00HO8PeMeHHOe
so3delicmaue Ha hepevucieHHble 38eHbss namozeHe3d. O0HAKO, HA Ce200HAWHUL deHb B03MONCHOCMb COYEMAHHO20 NPU-
MeHeHUs1 yKA3aHHbIX NPenapamos ¢ ye/blo NOmeHyupo8aHus ux sggpekma u o0Ho8peMeHHO20 8030elicmeaus Ha pazaui-
Hble 38eHbs namozeHesa PC, a makaice ux 8ausiHue Ha peakyuu YumoKUHO8020 20Me0cmasa usyyeHsl HedocmamoyHo.
Lleavio Hacmosiujezo ucc1e008aHUs AB8UA0CL NAMozeHemu4eckoe 060CHO8aHUE 3P PHeKmuU8HOCMU COYeMaHHO20 npume-
HeHUsl UH2u6UMopo8 Npomeoau3a U AHMUOKCUAaHmMo8 0151 MeOUKAMeHMO3HOU KoppeKyuu skcnepumeHmaasbHozo PC.
PC modeauposanu nymém HaN03ceHUs1 pe3UHOBbIX Jc2ymos Ha 06e 3adHUe KOHeHHOCMU KPbIC HA yPOGHe NAax08oli ckaad-
KU CPOKOM Ha 6 4acos. JlevueHue ocyuecmesau noceputiHo ¢ UCno/ib308aHUeM UH2UGUMopo8 hpomeo/iusa (npenapama
«lopdokc» e doze 20000 E/l/kz), anmuokcudanmos (npenapama «Kopsumum» 6 dose 10 me/ke) u ux KOM6UHAYUU 8 COOM-
semcmayowux dosuposkax. [losyueHHble pe3yabmamsl NOKA3AAU, YMO NPU COYeMAHHOM NPUMEHEeHUU UH2UGUMOpo8
npomeoau3a U aHMUOKCUOaHMo8 0151 MeOUKAMEHMO3HOU KoppeKyuu skcnepumeHmaabHozo PC ommevaemcst Hauboiee
agpexmugHoe CHUNCEHUE CYMMAPHOL NPOMeoAUMUYecKoll AKMUeHOCMU U KOHYeHMpayuu 0CHOBHbIX NPOGOCNAIUMeb-
HbIX YUMOKUHOB 8 CbIBOPOMKe Kpo8U CPABHUMENLHO ¢ adhekmamu om MoHOmepanuu, Ymo 06yc/108,1eH0 0OHOBPEMeH-
HbLM 8030elicmaueM Ha HECKO/IbKO OCHOBHbIX namozeHemuyeckux 36eHbes PC u nomenyuposaHuem aghgpekma om ucnoo-
308aHHbIX NPENAPAMO8.
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COMPARATIVE PHARMACOKINETIC INVESTIGATION
OF KETOROLAC AFTER INTRANASAL AND INTRAMUSCULAR
ADMINISTRATION IN RABBITS

O.P.Bezygla, V.V.Libina, M.O.Lyapunov, 1. M.Orlova, 0.V.Tymchenko

State Scientific Centre of Drugs and Medical Products

Key words: ketorolac; nasal spray; pharmacokinetics

In order to create the original Ketorolac nasal spray the comparative pharmacokinetic study of ketorolac has been con-
ducted. The investigation has been performed using a single intranasal or intramuscular administration of ketorolac in
rabbits. The HPLC-method, including pre-solid phase extraction of the active substance from plasma and the vacuum con-
centration of the sample, have been used for quantitative determination of ketorolac in the animal plasma. The main
pharmacokinetic constants of ketorolac for intranasal and intramuscular administration in rabbits have been calculated.
The time of achieving the peak concentration for both ways of administration was 0.5 hours, the maximal concentration
of ketorolac administrated intranasally was 3298.5 ng/ml, intramuscularly - 7337.5 ng/ml. However, in case of intranasal
administration of ketorolac, unlike its intramuscular injection, within 0.5-1.5 hours after peak-reaching the plasma concen-
tration of ketorolac declined slightly (10%); it was the evidence of longer absorption of ketorolac from the administration
site. The blood circulation time of ketorolac provided by intranasal administration was 4.4 h and it lasted longer compar-
ing to intramuscular injection - 2.5 h. In general, intranasal administration of ketorolac provides a high relative bioavail-
ability (~71-86%) and can be considered as an alternative regimen in treating acute pain.

Nowadays the nomenclatu-
re of systemic medicines
that are administrated intranasal-
ly is constantly extending. The in-
tranasal way of drug delivery is
gaining a value for systemic the-
rapy due to the good absorptive
properties of the nasal mucus that
provides a comparatively high plas-
ma level of active ingredients.
The important stage of their
pharmaceutical development, espe-
cially by keeping indications for
medical use, is the assessment of
bioavailability and other pharma-
cokinetic parameters. It allows to
determine an optimal active in-
gredient content and general for-
mulation for providing the requi-
red therapeutic plasma concen-
tration of the active ingredient.
The effectiveness of intranasal
use of ketorolac being a non-ste-
roidal anti-inflammatory drug wi-
dely used for relief of acute pain
has been proven by a number of
resent investigations [8,9, 11, 12].
Nowadays ketorolacisused as 10 mg
tablets and 3% solution for injec-
tions introduced deeply intramus-
cularly [1, 6, 10]. For oral use the

maximal daily dose of ketorolac
is 40 mg, whereas the therapy du-
ration should not exceed 5 days.
The parenteral administration of
ketorolac makes it possible to in-
crease the daily dose to 90 mg by
3 injections per day; the therapy
duration is not more than 2 days
[1, 6,10]. However, for certain pa-
tients the oral intake of ketorolac
is unfavourable because of its ul-
cerogenic effect, whereas the re-
petitive injections cause additio-
nal discomfort for a patient, in-
crease the risk of local side ef-
fects and are labour-consuming
for the medical staff [11].

The above-mentioned facts sti-
pulate the expediency of develop-
ing the original ketorolac dosage
form - a nasal spray; it would al-
low to increase the permitted co-
urse of treatment and at the sa-
me time to avoid the unwanted
oral or injectable administration,
as well as to facilitate the “on de-
mand” use of an analgesic in pa-
tient-controlled analgesic regimens
[4, 11]. On this background the
pharmaceutical developing of Ke-
torolac nasal spray has been per-

0.P.Bezygla — Candidate of Pharmacy, head of the Laboratory of Liquid and Soft
Dosage Forms and Aerosols at the State Scientific Centre of Drugs and Medical Products

(Kharkiv)

formed. The research was perfo-
med by the State Scientific Centre
of Drugs and Medical Products for
“Moschimpharmpreparaty” named
after N.A. Semashko JSC (Russia)
under the supervision of prof. Lya-
punov M.O.

The aim of the research was
the comparative investigation of
bioavailability and other pharma-
cokinetic characteristics of keto-
rolac after intranasal and intramus-
cular administration in rabbits.

Materials and Methods

Twelve conscious puberal rab-
bits (chinchilla breed) of both gen-
ders weighing 2.7 to 4.9 kg (the
average weigh is 3.9 kg) were used
in the study. Before the experimen-
tal period all animals were kept
under the standard vivarium con-
ditions. The animals did not re-
ceive any medicines during 3-day
period before the experiment. The
investigation was performed ac-
cording to the “Regulations for the
animal use in biomedical inves-
tigations” [3] and requirements
of the State Expert Centre of the
Ministry of Public Health of Uk-
raine [2].

The animals were taken either
a single intranasal (i.n.) ketorolac
spraying in the dose of 2 mg/kg or
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Fig. Dynamics of the ketorolac concentration in the blood plasma
after a single infranasal and inframuscular administration in rabbits

in the dose of 2 mg/kg

a single intramuscular (i.m.) in-
jection of ketorolac of 30 mg/ml
solution at the same dose. Blood
samples for the analysis were ta-
ken from the marginal ear vein
and were collected to the hepa-
rinized vials before and in 5, 10,
30, 45, 60,90, 120, 180, 240 and
360 min after drug administra-
tion. Blood samples were centri-
fuged at 3000 rpm for 5 min. The
plasma samples obtained were
stored at -22°C before carrying
out analytical procedures for the
ketorolac content.

Blood concentrations of keto-
rolac have been determined by
the HPLC method with pre-solid
phase extraction of the active sub-
stance from the animal plasma
and the vacuum concentration of
the sample developed in our la-
boratory.

During sample preparation un-
freeze the plasma samples at the
room temperature. To 0.7 ml of
the plasma sample add 50 ml of
20% phosphoric acid solution, then
centrifuge at 6000 rpm for 7 min
at the room temperature, after
that collect 1 ml of the superna-
tant fluid and transfer into a car-
tridge for solid-phase extraction
(Oasis - HLB; Waters).

Wash out the endogenous plas-
ma substances from the cartrid-
ge twice with 1 ml of water and
1 ml of 5% methanol, then pass 1 ml
of methanol through the cartrid-
ge. Place the test-tubes with the

eluate collected into the vacuum
rotating concentrator, and evapo-
rate the eluate to dryness at 60°C.
Dissolve the dry residue in 250 ml
of the mobile phase.

The HPLC-system “Perkin El-
mer” Series 200 (USA) was used
for the analysis. The chromato-
graphic conditions were as follows:
the chromatographic column -
ZORBAX SB-C18; 250 x 4.6 mm,
5 mm; the precolumn - ZORBAX
SB-C18; 250 x 4.6 mm, 5 mm; the
mobile phase - 1.3 mM ortophos-
phoric acid (component A) and
acetonitril (component B) in the
ratio of 57 : 43 (v/v); the detec-
tion wavelength - 301 nm; the co-
lumn thermostat temperature -
35°C; the autosampler thermostat
temperature — 16°C; the eluate flu-
id rate — 1.0 ml/min; the injection
volume - 50 ml. The retention ti-
me of ketorolac was 5.5+7.5 min,
the cycle time was 1 min.

The concentrations of ketoro-
lac in plasma samples were cal-
culated using the calibration cur-
ve of the “peak area - concentra-
tion” dependence obtained by the
method of least squares with the
weighting factor = 1/x. The equa-
tion of the calibration curve was:
y=axx+bwherey - is the keto-
rolac peak square (Sy;;); x - is the
ketorolac concentration (ng/ml);
a=311.2745; b = -347.711; the
regression coefficient r = 0.99948.

Under the above-mentioned
conditions of the sample prepa-

ration and chromatographic ana-
lysis the calibration curve of ke-
torolac was linear within the con-
centration range from 40 to
16000 ng/ml; the lowest detection
limit of the method was 40 ng/ml.
In general, the results of the va-
lidation research indicate that the
given method of quantitative de-
termination of ketorolac in plas-
ma meets the acceptance criteria
for bioanalytical method [7] in pa-
rameters of selectivity, response
function, precision, accuracy, ext-
raction degree, and it can be used
for pharmacokinetic studies of ke-
torolac dosage forms.

The peak concentration (C_,,)
was determined as the highest mea-
sured value of every rabbit with
the relevant time to peak concen-
tration (T,,). Other parameters we-
re calculated by the model-inde-
pendent method using WinNonLin
(Pharsight Corp., USA) programme.
The statistical processing of data
was performed using MicroSoft®
Office Excel 2003 SP2 (MicroSoft
Corporation, USA) programme.

Results and Discussion

Dynamics of the ketorolac con-
centration in the blood plasma of
rabbits observed after i.n. and i.m.
administration are shown in Fig.
Ketorolac after i.m. administration
is well absorbed. The ketorolac con-
centration increases rapidly reach-
ing the value of 3468.7 ng/ml (50%
of C,,,.) in 5 min after injection and
4990 ng/ml (70% of C,,,) in 10 min.
The absolute ketorolac concentra-
tions after i.n. administration are
slightly lower, but in terms of per-
centage as for C,,, they exceed
those after i.m. injection compris-
ing 2221.6 ng/ml (67% of C,.,) in
5 min, 2850 ng/ml (86% of C,.,)
in 10 min after administration. The
time of achieving the peak con-
centration (T,,,) of ketorolac af-
ter both ways of administration
was 0.5 h (Table).

The absolute C,,, value of ke-
torolac after i.m. administration
is 7337.46 ng/ml; it is 2.2 times
higher than after i.n. instillation -
3298.53 ng/ml. The absolute ke-
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Table

The main pharmacokinetic parameters of ketorolac with a
single intranasal and intramuscular administration in rabbits

e e The way of administration
parameters intranasally intramuscularly

C,., ng/ml 3298.53 7337.46
T, .h 05 05
CL, ml/h 117.54 101.33
K., h 0.239 0374
T, h 291 1.86
MRT, h 4.36 2.50
V,, ml/kg 490.88 271.38
AUC, ., ngxh/ml 1278415 17902.95
AUC, . ngxh/ml 17015.84 19737.55
AUC, . /AUC, .. % 90.70 7513
C../AUC, , h' 0.258 0410
f’ % 71.41 100.00
f, % 86.21 100.00

torolac concentrations after i.m.
injection significantly exceed tho-
se after i.n. instillation within the
period from 0.5 to 1 h after ad-
ministration. With i.m. adminis-
tration of ketorolac after reach-
ing C_ .. a rather rapid decline of
the ketorolac concentration in plas-
ma is observed. The plasma keto-
rolac level decreases more than in
3 times up to 3 h after administra-
tion, while in 6 h the ketorolac plas-
ma level is less than 10% of C_ .
When ketorolac is administ-
red i.n., unlike i.m. injection, the
pharmacokinetic curve does not
show a sharp peak, the maximum
has a plateau shape. Within 0.5-
1.5 h after achieving C,__, the ke-
torolac concentration in plasma
decreases only in 10%; it indica-
tes the longer systemic absorp-
tion of ketorolac from the nasal

mucus comparing to i.m. admin-
istration. Then a gradual decline
of the ketorolac concentration in
the blood plasma is observed: up
to 70% of C,,,, in 3 h, up to 31%
of C,_,, in 6 h after administration.

The main pharmacokinetic pa-
rameters of ketorolac after i.n. and
i.m. administration in rabbits are
shown in Table. The parameter va-
lue characterizing the ketorolac
absorption rate (C,,./AUC, ) dif-
fers for i.n. and i.m. administra-
tion (0.258 h'' and 0.410 h'!, re-
spectively), and it indicates the
longer absorption of ketorolac from
the nasal cavity. Such peculiarity
of absorption in i.n. administra-
tion provides 1.75 times greater
ketorolac circulation than in i.m.
injection, while the mean retention
time (MRT) of ketorolacis 4.36 h
for in. and 2.50 h for i.m. admi-

REFERENCES

nistration. The values of the ap-
parent volume of distribution (V)
for both ways of administration
(490.88 ml/kgi 271.38 ml/kg, re-
spectively) give the evidence of the
absence of ketorolac deposition
by tissues. The elimination of ke-
torolac is slower after i.n. admin-
istraton than after i.m. injection;
it is reflected in the elimination
rate constant (K,) - 0.239 h' and
0.374 h'%, respectively, and the
elimination half-life time (T, ;) -
2.91 h and 1.86 h, respectively.

In general, i.n. administration
of ketorolac provides a high rela-
tive bioavailability f - 71.41% and
f’ - 86.21% in comparison with
i.m. administration; it corresponds
to the published data about simi-
larity of pharmacokinetic para-
meters of ketorolac after i.n. and
i.m. administration [5].

CONCLUSIONS

1. The method of quantitative
determination of ketorolac in the
blood plasma, which includes HPLC
with pre-solid phase extraction of
the active ingredient from the plas-
ma and vacuum concentration of
the sample, has been developed.
The method proposed meets the
acceptance criteria for bioanaly-
tical methods and can be used for
pharmacokinetic studies of keto-
rolac dosage forms.

2. Intranasal administration of
ketorolac provides slower and su-
stained absorption, and the gre-
ater blood circulation time in com-
parison with i.m. administration.

3. Intranasal administration of
ketorolac provides a high relati-
ve bioavailability (~71-86%) and
can be considered as a viable al-
ternative formulation in treating
acute pain.

1. [JepcasHuli popmyasp aikapcokux 3acobis / I1id ped. B.€.baixapa, B.L.Maavyesa, A.M. Mopo3zosa ma
iH.- K, 2012. - Bun. 4. - 1159 c.

2. [JlokaiHiuHi docaidxceHHs Aikapcbkux 3acobis: Memod. pekomeHd. / 3a ped. O.B.CmegaHosa. - K.: Asi-

yenHa, 2002.- 527 c.

3. Emuka sikapss ma npasa A00uHU: NO/I0NHCEHHS NP0 BUKOPUCMAHHA mM8apuH y biomeduyHux docaidax //
Excnepum. ma kaiH. gizion. i 6ioximis. — 2003. - Ne2 (22). - C. 108-109.

4. Jle6edesa P.H., Hukoda B.B. @apmaxomepanus ocmpoti 6oau. - M.: H3d-e0 «Aup-Apm», 1998. - 184 c.



66 KAIHHHA PAPMALIA. —2013. —T. 17, Neo4 ISSN 1562-725X

5. Boyer K.C.,, McDonald P., Zoetis T. // Int. ]. Toxicol. - 2010. - Vol. 29, Ne5. - P. 467-478.

6. Buckley M., Brogden R.N. // Drugs. - 1990. - Vol. 39. - P. 86-109.

7. Food and Drug Administration. Guidance for Industry: Bioanalytical Methods Validation / US Depart-
ment of Health and Human Services, FDA, 2001.

8. Garnock-Jones K.P. // Clin. Drug Investigation. - 2012. - Vol. 32, Ne6. - P. 361-371.

9. Grant G.M., Mehlisch D.R. // ]. Oral Maxillofac. Surg. - 2010. - Vol. 68, Ne5. - P. 1025-1031.

10. Hardman J.G., Goodman G.A., Limbird L.E. Goodman&Gilman’s The pharmacology basis of therapeutics.
- USA: McGraw-Hill, 1997. - 1905 p.

11. Moodie J.E.,, Brown C.R, Bisley E.J. // Anesth. Analg. - 2008. - Vol. 107, Ne6. - P. 2025-2031.

12. McAleer S.,, Majid O., Venables E. et al. //]. Clin. Pharmacol. - 2007. - Vol. 47, Ne1. - P. 13-18.

Address for correspondence: Received in 24.09.2013

33, Astronomichna str., Kharkiv, 61085, Ukraine.
Tel. (57) 720-62-44. E-mail: ovtimchenko@mail.ru.
State Scientific Centre of Drugs and Medical Products

MOPIBHAJIBHE JOCIIAXKEHHA PAPMAKOKIHETUKH KETOPOJIAKY IIPU IHTPAHA3AJIBHOMY
TA BHYTPIIIHbOM’I30BOMY BBEJAEHHI KPOJINKAM

O.11.be3yzaa, B.B./li6ina, M.0./IanyHoes, 1. M.Opsaosa, O.B.TumueHko
A1 «/lepatcasHuil Haykoeuii yeHmp AikapcbKux 3aco6ie ma meduyHoi npodykyii»
Karwwuosi caoea: kemopoak; cnpell Ha3a1bHUll; hapMmakoKiHemuka

3 Memorw cmeopeHHs opuziHa/bHo20 npenapamy Kemoposak cnpeli HazabHUll npogedeHe nopieHsIbHE 00CAIONHCEeHHS
dapmakoKiHemuku kemopoaaky npu tio2o 00HOpa3080My IHMPAHA3ANbHOMY MA 8HYMPIWHLOM SI3080MY 88e0eHH] Kpo-
AUKaM. /14151 KiAbKiCHO20 8U3HAYEHHS Kemopo1aKy 8 naasmi kposi meapuH sukopucmosygasu memod BEPX 3 nonepedHboro
meepdogaszHor ekcmpakyieto 0itouoi pevo8uHU 3 NAA3MU | KOHYEHMPYB8AHHAM hpobu hid 8akyymom. PoapaxosaHi ocHo-
8HI hapMmakokiHeMUYHI KOHCMAHMU Kemopo/1aKy hpu IHMpaHa3aAbHOMY | BHYyMPIiWHbOM 13080 My 88e0eHHI KPOAUKAM.
Yac docsizHeHHs MAKCUMANbHOT KOHYeHmpayii kemopoaaky npu 060X wisaxax esedeHus ckaas 0,5 200, makcumanbHa
KOHYeHmpayis npenapamy npu iHmpaHa3aabHoMy 8eedeHHi cmaHosuaa 3298,5 He/Ma, npu 8HYMPIWHbLOM '13080MY —
7337,5 He/ma. [Ipome, 3a iIHMpaHA3a/1bHO20 88e0eHHS KEMOPOAAKY, HA 8I0MIHy 810 iHekyiiiHoz2o, enpodosiic 0,5-1,5 2o0-
OuH nicaa docsizHEeHHS MAKCUMYMY KOHYeHmpayis Kemopoaaky 8 naasmi sHusxcyemucs auuwie Ha 10%, wjo ceiduums npo
6ibWw mpusasy abcop6byir npenapamy 3 micys esedeHHs. I[HmpaHasaibHe 88edeHHSI KemopoaaKy 3abe3neyvye 6igibl
mpusanauli Yac Yupkyasiyii 8 Kposi nopieHsIHO i3 BHymMpiuHb0M s1308UM 88e0€HHSM, WO CK/A/10, 8i0nosidHo 4,4 ma 2,5 200.
3azanom, npu iHMpaHa3aabHOMY 88e0eHHI Kemopo1aK XapaKkmepusyemucsl BUCOKUM cmyneHem 8idHocHOT 6iodocmyn-
Hocmi (~71-86%) ma mosce po3aas0amucs K a1bmepHAmMued iH €KYiliHoMy 88e0eHHI0 Y CXeMax AiKy8aHHs 8UPA3HO20
6015608020 CUHOPOMY.

CPABHUTEJ/IBHOE UCCIEJOBAHUE ®PAPMAKOKHMHETUKH KETOPOJIAKA TP UHTPAHA3AJIbBHOM
U BHYTPUMBIIIEYHOM BBEJEHHWH KPOJINKAM

E.ll.Be3yaaas, B.B./lu6una, H.A./Ianynos, H.H.Op.ioea, O.B.TumuyeHko
I'll «I'ocydapcmeeHHbIll HAY4YHbII YeHmp J1eKapcmeeHHbIX cpedcme U MedUYUHCKOU npodyKyuu»

Kawuesvie caosa: Kemopouaak; cnpelY HG3aﬂbelﬁ,‘ ¢(1p.MCIK'OKUH€muK'a

C yesvto co30aHusl opusuHaabHo20 npenapama Kemoposak cnpeil HasabHbLl nposedeHo cpagHumeabHoe uccaedosa-
Hue hapmakoKUHeMUKU Kemopo/aaka npu e20 00HOPa3080M UHMPAHA3ANbHOM U 8HYMPUMbIUEYHOM 88€0eHUU KPOAUKAM.
Aas KonuvecmseHHO20 onpedesieHUss KemopoaaKa 8 Nada3me Kposu HUBOMHbIX UCnoAb308aau Memod BIKX ¢ npedea-
pumenvHoll meepdogasHoli skcmpakyueli deticmayowezo gewecmad U3 NAasmbl U KOHYeHMpuposaHuem npobst nood
8aKyyMoM. PaccuumaHbl 0CHOBHblEe hapMaKOKUHEMuUYeCcKue KOHCMAaHmMbl Kemopoaaka Npu UHMPAHA3A/IbHOM U 8HYMpU-
MblUWEYHOM 88edeHUU KpOAUKAM. Bpemsi docmudceHus MakcuMaibHOU KOHYeHmMpayuu Kemopoaaka npu o6oux nymsx
esedeHusl cocmasasiem 0,5 4, MOKCUMANbHAA KOHYeHMpayusi npenapama npu UHMpaHa3aabHoM é8edeHuU cocmasuad
3298,5 He/ma, npu eHympumbiuwieyHoOM — 7337,5 He/ma. O0HaKko, npu UHMPAHA3AIbHOM 88edeHUU Kemopo1aKad, 8 om-
Ju4Ue om UHseKYUuoHHo20, 8 meyeHue 0,5-1,5 u nocae docmusiceHuss MAKCUMYMA KOHYeHmMpayusi Kemopoaaka 8 naas-
Me cHusxcaemcs auuws Ha 10%, umo caudemeabcmayem o 60/1ee npodoaxcumeabHol abcopbyuu npenapama us mecma
eeedeHusi. HHMpaHazabHoe 8gedeHue KemopoJaaka obecnevugaem 60jee 0aumeabHoe 8pemMs YUPKYAIYUU 8 Kpogu
CPABHUMENbHO C BHYMPUMbLUWEYHbIM 88eJeHUeM, Komopoe cocmasu/10, coomseemcmseHHo, 4,4 u 2,5 4. B yeaom npu
UHMPAHA3a/1bHOM 88e0eHUU Kemopo1dK XapaKmepusyemcsl 8bICOKOU cmeneHbio 0mHocumeibHoli 6uodocmynHocmu
(~71-86%) u Mosxcem paccmampugamucsi KAk aAbmepHamMu8a UHeEKYUOHHOMY 88€0€HUK) 8 CXeMAX /ie4eHUs 8blPaNCEH-
Ho20 6018020 cuHdpoMma.
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