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EFFECTIVENESS OF CANEPHRON® N IN THE COMPLEX MANAGEMENT
OF SUBCLINICAL GOUTY NEPHROPATHY

S. I. Smiyan, M. V. Franchuk, R. R. Komorovsky
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The risk of chronic kidney failure increases by 3-10 times with the steady increasing of uric
acid level in the blood. It is known that the protein fractions is closely correlated with the level of uric acid.

Objective. Microalbuminuria and microglobulinuria are predictors of kidney damage. The study involved
50 patients with gout who had never received preventive treatment of gouty nephropathy. We choosed Canephron
N (Bionorica, Neumarkt, Germany) as a combined phytodrug with nephroprotective effect. All studied patients

were men with obesity.

Results. According to standard examination kidney damage haven't been found, but laboratory tests on
microproteinuria showed that the vast majority of patients have signs of subclinical gouty nephropathy.
Conclusions. Canephron N in complex gout treatment helps to decrease uric acid level in the blood and

increase its excretion.
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Introduction

The term “gouty nephropathy” (GN) com-
prises all renal pathology that may occur in
patients with gout, including urate nephroli-
thiasis, tophi in the renal parenchyma, glome-
rulosclerosis, arteriosclerosis with subsequent
nephrosclerosis, interstitial nephritis and chro-
nic renal failure. Moreover, the use of non-
steroidal anti-inflammatory drugs (NSAIDs) for
symptomatic treatment of patients with goutis
associated with nephrotoxicity and may result
in acute tubular necrosis, acute interstitial
nephritis, proteinuria, hypertension, hyperka-
lemia [6, 13]. The prevalence of kidney damage
in patients with gout ranges from 30 to 70%.
Hence it is essential that patients with chronic
gout receive therapy for prevention of GN
without any (or with minimal) side effects and
contraindications. For this purpose we have
chosen a herbal based medicine - Canephron®
N (Bionorica, Neumarkt, Germany) which is an
approved medicinal product containing a fixed
combination of centaury herb (Centaurium sp.),
lovage root (Levisticum officinale Koch), and
rosemary leaves (Rosmarinus officinalis L.) [19].
It has been available on the European market
for more than 40 years. The drug has diuretic
[12, 33], spasmolytic [1, 32], anti-inflammatory

Corresponding author: Svitlana Smiyan, Department of Inter-
nal Medicine No 2, 1. Horbachevsky Ternopil State Medical
University, 1 Maidan Voli, Ternopil, Ukraine, 46001

Tel. +380352273377

E-mail: smyjan@tdmu.edu.ua

[11, 23, 29], antimicrobial [7, 8, 17], nephrop-
rotective [18] and hypouricemic [25] effects.
Some clinical studies show a therapeutic benefit
in patients with urinary tract infections [9, 21,
26] and diabetic nephropathy [19].

Materials and Methods

We examined 50 patients with gout (all men),
who were hospitalized in the Department of
Rheumatology of Ternopil University Hospital.
The patients were not previously diagnosedor
tested for GN, nor were previously tested for GN.
All the patients underwent main laboratory and
instrumental methods of investigation and some
additional tests for microalbumin and microglo-
bulin levelsin morning urine performed by means
of ELISA method. Microproteinuria means any
manifestation of microalbuminuria (MA), micro-
globulinuria (MG) or their combinations. The
patients were divided into 2 groups: the patients
of group I (n=25), the study group, received
standard urate lowering therapy (Allopurinol),
NSAIDs for pain control and Canephron® N; the
patients of group II (n=25), the control group,
received only Allopurinol and NSAIDs. Body mass
index (BMI), plasma and urine uric acid (UA)
levels, blood creatinine, urea and glomerular
filtration rate (GFR) were tested. Kidney ultra-
sound and joint x-ray were also performed.
Canephron® N was prescribed, 2 tablets 3 times
per day for 6 weeks. After 6 weeks patients’ micro-
albumin, microglobulin levels in urine and UA
levels in plasma and urine were re-examined.
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Continuous variables are expressed as
meanztstandard error of the mean. Differences
between the variables were determined by
unpaired or paired t-test, as appropriate. A
value of p<0,05 was considered to be statistically
significant.

Results and Discussion

Baseline indicators of the examinations are
presented in Table 1. Due to the BMI, the ma-
jority of patients in both groups were diagnosed
with obesity. Blood creatinine level, urea and
GFR were uninformative, because the findings
were normalin both groups. Also nephrolithiasis
was found in both groups. Laboratory and
instrumental investigations showed that a
significant proportion of the patients had
subclinical GN (fig. 1).

In the study group 48% patients had MA
and 60% of them had MG. In the control group
44% patients had MA and 52% of them had MG.
The patients from the study group received a
combined treatment (Allopurinol, NSAIDs +
Canephron N) and had better test results than
the group which received standard treatment
(Allopurinol, NSAIDs) (Table 2).

The pathogenesis of GN is associated with
hyperproduction of UA and imbalance between
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Fig. 1. Microproteinuria in patients suffering from gout.

the processes of its tubular secretion and
reabsorption. But currently there is no enough
evidence that hyperuricemia (HU) is a marker
of renal dysfunction or a risk factor for kidney
disorders. The controversial results of the
impact of HU on development of chronic kidney
disease (CKD) are, partly, due to difficulties in
diagnosis of GN at the early stage because of
a long subclinical period [5, 10, 24, 27].
Hyperproduction of UA and its excretion
decrease leads to HU. The risk of chronic kidney

Table 1. Baseline indicators

Study grou Control grou
Markers (ny=€245) P (n=2%) P p-value
Age, (yrs) 54,98+1,22 50,63+1,19 <0,05
Disease duration, (yrs) 8,96+0,57 7,42+1,43 >0,05
BMI 28,64+0,61 30,62+1,37 >0,05
Creatinine, (mmol/L) 72,12+0,39 78,31+1,21 >0,05
Urea, (mmol/L) 5,05+0,65 4,96+0,27 >0,05
GFR, ml/min 130,88+1,22 129,64+0,31 >0,05
Uric acid in plasma, (mcmol/L) 0,556+0,08 0,552+0,12 >0,05
X-ray stage, (%) I I 111 I 11 11 -
11,4 79,5 9,1 11,8 76,5 11,7
Nephrolithiasis, (%) 28 36 -

p - significant differences between the baseline indicators of the study and control groups.

Table 2. Dynamics of changes at the beginning of the study and after 6 weeks of combined
treatment with Canephron N and standard therapy (the study group),
and standard therapy only (the control group)

4]

Z

O Study group (n = 25) Control group (n = 25)

—

a . After . After i

% Markers Baseline treatment Baseline treatment p-value

= Microalbuminuria, (mg/L) 131,81+£3,45 | 62,38+2,99* | 114,72+391 | 122,19+2,11 <0,05

I Microglobulinuria, (mg/L) 20,08+2,06 | 13,37+3,32* | 22,36+3,12 | 21,19+2,94 <0,05
ric acid in plasma, (mcmo ,556%0, 45740, ,562+0, ,498+0, <0,

<< Uri id in pl ( /L) 0,556+0,08 | 0,457+0,06* | 0,562+0,12 | 0,498+0,23** 0,05

é Uric acid in urine, (mmol/L/day) | 5,21+1,18 6,72+1,34* 5,02+1,09 5,08+1,02 <0,05

E p - significant differences between the post-treatment markers of the study and control groups;

pd * - after treatment in comparison with baseline markers of the study group (p<0,05);

— ** _ after treatment in comparison with baseline markers of the control group (p<0,05).
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failure (CKF) rises in 3-10 times caused by
increase in UA in blood. Every 4% patient has
CRF as a gout complication [3, 4, 5, 22]. Several
studies have shown relations of HU to the signs
of kidneys damage [30, 31]. Also UA can affect
renal hemodynamics due to vasoconstriction
in cortical layer and increase the expression of
renin. An additional mechanism in kidneys
damage is the UA impact on the formation of
the endothelial dysfunction by increasing
monocyte chemoattractant protein-1 (MCP-1)
in vascular smooth muscle fibres and cells of
the proximal renal tubules. MCP-1 is a main
pathogenetic chemokine of CKD and athero-
sclerosis [16].

It is established that the protein fraction is
closely correlated with the level of UA in blood;
that is why HU causes endothelial dysfunction
and MA [2].If albumins and other highmolecular
weight proteins are found in urine, glomerular
injury is present. Microglobulins (B,-, a,- and
retinol-binding protein), MG, are tubular dis-
orders characterized by low-molecular weight
proteins in urine. MA and MG are predictors of
kidneys damage [14, 15, 19, 20, 28]. Reference
limits of MA and MG are presented in table 3.

Conclusions

Microalbuminuria and microglobulinuria
are the main early symptoms of renal damage
in patients with gout. The prevalence of kidney
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COMPLEX APPROACH TO TREATMENT OF SUBCHORIONIC
HEMATOMA IN EARLY THREATENED ABORTION

S. N. Heryak, N. V. Petrenko, I. Ya. Kuziv, O. Y. Stelmakh,
N. I. Bagniy, L. V. Korda, V. Yu. Dobryanska, L. V. Bagniy
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Currently, miscarriage is considered to be a multietiological disorder with trombofilic viola-
tions and hormone deficiency as the leading factors. Despite the achievements in treatment of miscarriage, the
frequency of preterm termination of the wanted pregnancies is still high and the number of perinatal losses is
significant. Therefore, pathogenetically based therapy, safe for the foetus, is very important in management of
pregnancy interruption in the first trimester. A proper drugs administration provides optimal concentration of
active ingredients and fast action. The aim is to improve effectiveness of the early threatened abortion treatment
in cases of subchorionic hematoma (SCH) by combination of sublingual natural micronized progesterone and
tranexamic acid

Objective. We examined 50 pregnant women with early threatened abortion with SCH. We studied system
of haemostasis, basic hormonal markers and ultrasound criteria of threatened abortion. We compared efficacy
of treatment between traditional (supportive) therapy (sedation, spasmolytic, haemostatic drug) and combination
of supportive therapy in combination with tranexamic acid and natural micronized progesterone.

Results. The result of lab tests showed minimal signs of hypercoagulation, hyperfibrinogenemia and platelet
hyperactivity, a significant 3-hCG level decrease and approximate decrease in progesterone and free estriol
production.

Sonographic examination showed presents of local myometrial hypertonus, deformation of fertilized egg,
hypoplasia of chorion, low location of fertilized ovum, retarded growth of CRL.

The research proved that combined administration of sublingual micronized progesterone and tranexamic
acid for the treatment of threatened abortion with SCH has more significant positive effect for pregnancy
maintenance due to clinical, biochemical, hormonal and ultrasound results if compared with the group which
underwent supportive therapy.

Conclusions. Complex application of natural micronized progesterone 100 mg three times a day sublin-
gually and 500 mg of Tranexamic acid dissolved in 200 ml normal saline solution improves the dynamics of the
main hormonal, haemostatic and ultrasound markers of abortion and significantly reduces reproductive losses.
Tranexamic acid treatment proved a rapid and effective action on hematoma and absence of embryotoxical and
coagulopathyc influence. Tranexamic acid does not cause any significant disorders of hemostatic system. This is
very important at the early gestation because of intravascular coagulation, physiological hypercoagulable con-
dition during pregnancy that can cause microthrombosis and disrupt placentation. On the other hand, it is
dangerous for the mother’s health because of the increased risk of thrombosis.

KEY WORDS: threatened miscarriage, subhorial hematoma, micronized progesterone, tranexamic
acid.

Introduction downward tendency [1-4]. According to the

Currently, miscarriage is considered to be a
multietiological disorder with trombofilic
violations and hormone deficiency as the leading
factors. The problem of early pregnancy loss
remains urgent because these factors are the
most common complications without any
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latest concepts, 80% of all pregnancy losses
occur at the early stages. One of the first signs
that threatens the pregnancy is subchorionic
hematoma (SCH) [5, 6]. It is the most unfortunate
sign of threatened abortion. Itis established that
the disruption of trophoblast invasion in the 1st
trimester of pregnancy leads to the advanced
gestational complications: threatened abortion,
preeclampsia, preterm delivery, placental
abruption, which increase perinatal, infant and
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maternal mortality. The protective function of
the immune system at the early stages of ges-
tation such as the suppression of natural killer
cells in the endometrium, mother’s blocking
factors production is provided by different mostly
hormonal dependent mechanisms; their disor-
ders lead to defects of implantation, SCH and
can cause early pregnancy termination [3, 7].

The endometrium and decidua contain a
huge number of immune system cells, all of them
are able to secrete cytokines. Main cytokines that
are secreted in the body inhibit the embryo
development, proliferation and development of
normal trophoblast. They affect the embryo, both
directly and indirectly, depending on the intensity
of secretion and differentiation of target tissues
[6]. Cytokine cascade can be triggered by in-
fectious agent and by endogenous factors
(hypoxia, hormones, etc.) as well. Persistent viral
bacterial infection, neuroendocrine disorders,
chromosomal abnormalities, the toxic effects,
stress and environment are also etiological fac-
tors of early abortion [8, 9]. Despite the achieve-
ments in treatment of miscarriage, the frequency
of preterm termination of the wanted pregnancies
is still high and the number of perinatal losses is
significant. Therefore, pathogenetically based
therapy, safe for the foetus, is very important in
management of pregnancy interruption in the
first trimester. A proper drugs administration
provides optimal concentration of active in-
gredients and fast action.

The aim is to improve effectiveness of the
early threatened abortion treatment in cases
of subchorionic hematoma by combination of
sublingual natural micronized progesterone
and tranexamic acid.

Materials and Methods

The examination of 50 pregnant women
was conducted at the Department of Gynae-
cology of Ternopil Regional Perinatal Centre
“Mother and Child”. They received treatment
for threatened abortion in gestational age from
8 to 12 weeks. All women were diagnosed with
SCH by means of ultrasound.

To exclude infection as an etiological factor
of abortion, bacteriological research of TORCH
and sexually transmitted infections were con-
ducted. All patients had negative results of the
tests for these infections.

System of haemostasis was evaluated by
determination of platelet and aggregation time,
prothrombin index (PI), thrombin clotting time,
activated partial thromboplastin time (APTT),
fibrinogen concentration.

Basic hormonal markers of abortion were
also studied: the concentration of free estriol
and progesterone by radioimmunoassay me-
thod, sets made by company “SORIN” (France),
and radioisotope sets Amerlayt made by inter-
national company Amersham. B-subunit of
human chorionic gonadotropin (B-hCG) con-
centration was determined by immune fluo-
rescence analysis with time resolution (test
system Delfiya, Wallac, Perkinelmer) (according
to the manufacture standard protocol of test
systems).

To determine efficacy of the proposed com-
plex of therapeutic measures, all the pregnant
were tested with transvaginal ultrasound on
the 14" day of the treatment.

The pregnant of the 1t group (n=25; the
comparison group) received supportive thera-
py - sedation, spasmolytic, haemostatic drug.
The pregnant of 2" group (n=25), together with
supportive therapy, received tranexamic acid 2
ml (500 mg) dissolved in 200 ml normal saline
solution intravenously till the arrest of bleeding
and natural micronized progesterone 100 mg
three times a day sublingually. The control group
consisted of 20 healthy pregnant women without
any symptoms of threatened abortion.

Results and Discussion

The evaluation of plasma-coagulation and
vascular-platelet hemostasis showed minimal
signs of hypercoagulation, hyperfibrinogenemia
and platelet hyperactivity if compared with the
women with physiological pregnancy. This
suggests athrombophilia as an etiopathogenetic
factor of early abortion with SCH in the exa-
mined women.

The evaluation of hormonal homeostasis
showed, that at the early gestational age a
significant B-hCG level decrease and approxi-
mate decrease in progesterone and free estriol
production were the diagnostic markers of
threatened abortion with SCH

The results of ultrasound examination
showed, that SCH was located in the area of the
lower chorion in 32 (64%) of the pregnant wo-
men, in the central part - in 18 (36%) patients.
Also sonographic examination showed other
markers of abortion. So, local myometrial
hypertonus was diagnosed in 43 (86%) pregnant
women, deformation of fertilized egg - in 32
(64%), hypoplasia of chorion - in 12 (24%), low
location of fertilized ovum - 8 (16%), retarded
growth of CRL - in 2 (4%).

The research proved that combined admi-
nistration of sublingual micronized progesterone
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and tranexamic acid for the treatment of
threatened abortion with SCH has more sig-
nificant positive effect for pregnancy main-
tenance due to clinical, biochemical, hormonal
and ultrasound results if compared with the
group which underwent supportive therapy.

After the symptomatic treatment a spon-
taneous abortion happened in 6 (24%) women,
missed abortion in - 6 (24%), gestational pro-
cess complicated by hyperemesis gravidarum
which required additional therapy -in 4 (16%).
Among 25 women of the 2" group spontaneous
abortion occurred in 3 (12%) patients, missed
abortion - in 1 (4%) woman.

The results of our research have shown that
in women of the 2" group the level of platelets
increased and did not significantly differ from
the control group findings. In patients of the 15
group it was significantly lower than in women
of the 2" and control groups. The similar chan-
ges were evidenced in the evaluation of PL.

In 2 weeks of the proposed therapy, the
level of B-hCG increased in both groups of
women, but in the 2nd group it did not sig-
nificantly differ from the control group. After
the treatment the level of free estriol and pro-
gesterone increased and did not significantly
differ from the control group with the similar
results.

Symptomatic and complex treatment sig-
nificantly reduced the sonographic signs of
abortion, but in the 2" group these changes
pronounced more positive trend than in the 1
group. So, in 18 (72%) pregnant women of the
2" group and in 4 (16%) - of the I group (p<0,05)
there was a complete resumption of SCH,
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hematoma decreased in size in 3 (12%) women
of each group.

Thus, the prescription of micronized proges-
terone sublingually provides an inhibitory effect
on the contractile activity of myofibrils, prevents
the further chorine detachment that leads to
pregnancy maintenance and prevents repro-
ductive losses.

Our research demonstrates the necessity
of the inclusion of micronized progesterone in
100 mg 3 times daily sublingually and tranexamic
acid 500 mg intravenously to the treatment
protocol of early threatened abortion with SCH.
Also this treatment is more effective if compared
with the traditional supportive therapy (seda-
tion, spasmolytic, haemostatic drug).

Conclusions

1. Complex application of natural micronized
progesterone 100 mg three times a day sub-
lingually and 500 mg of Tranexamic acid
dissolved in 200 ml normal saline solution
improves the dynamics of the main hormonal,
haemostatic and ultrasound markers of abor-
tion and significantly reduces reproductive
losses.

2. Tranexamic acid treatment proved a rapid
and effective action on hematoma and absence
of embryotoxical and coagulopathyc influence.
Tranexamic acid does not cause any significant
disorders of hemostatic system. This is very
important at the early gestation because of
intravascular coagulation, physiological hyper-
coagulable condition during pregnancy that
can cause microthrombosis and disrupt pla-
centation. On the other hand, it is dangerous
for the mother’s health because of the in-
creased risk of thrombosis.
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DETECTION OF OXIDATIVE STRESS, APOPTOSIS AND MOLECULAR
LESIONS IN HUMAN OVARIAN CANCER CELLS
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Background. Ovarian cancer has the highest mortality rate of gynaecological cancers. This is partly due to
the lack of effective screening markers. Indices of oxidative stress are well-recognized prognostic criteria for
tumorous transformation of tissue, but their value depends on the type of tumor and the stage of its deve-
lopment.

Objective. The aim of this study is to clarify the relationship between antioxidant/pro-oxidant ratio and the
signs of molecular lesions and apoptosis rate in blood of ovarian cancer patients and non-cancer ones.

Results. The ovarian cancer group is marked by antioxidant/prooxidant balance shifting to oxidative damage
in blood as the consequence of overexpression of oxyradicals (by 300%). Higher level of glutathione (by 366%),
lower level of metallothioneins (by 65%) as well as higher level of lipid peroxidation (by 174%) and protein carbonyls
(by 186%) in blood of ovarian cancer patients compared to the normal ovarian group have been observed. The
signs of cytotoxicity are determined in blood of ovarian cancer patients: an increased (compared to control) level
of DNA fragmentation (by 160%), choline esterase (up to twice), higher rate of both caspase dependent and

caspase independent lysosomal mediated apoptosis.

Conclusions. Cathepsin D activity both total and free, choline esterase activity, TBA-reactive substance and
protein carbonyls level in blood could be used as the predictive markers of worse prognosis and the signs of

human ovarian cancer.

KEY WORDS: ovarian cancer, oxidative stress, apoptosis, caspase-3, cathepsin D, choline esterase,

metallothionein.

Introduction

Ovarian cancer dominates among the death
causes of malignant tumours. In particular,
according to the International Agency for
Cancer Research, more than 165 thousand of
newly diagnosed cases of ovarian cancer are
registered each year over the world. Despite
intensive studies, every year, more than 100 000
women die from this disease worldwide. Due
to minimal and non-specific early stage symp-
toms, ovarian cancer diagnosis is late and pro-
gnosis is usually poor [1]. Currently there are
no screening programs for precancerous and
malignant ovarian pathology diagnostic, with
the help of which specialists could have reduced
the incidence and fatalities of this disease [2].
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Therefore, exploration of new and/or low-cost
early-warning molecular signatures of disease
is a key goal of ovarian cancer research.

One of the most common mechanisms of
diseases development and aggressiveness of
pathology which is on the focus of biomedical
research has been linked to overexpression of
free radicals and oxidative stress initiation [3,
4, 5, 6, 7]. The damage that reactive oxygen
species (ROS) can cause to the cell not only
depends on their internal concentration but
also on the equilibrium between the ROS and
the endogenous antioxidants normally protect
cells against oxidative stress [4, 6]. When the
antioxidant/prooxidant system becomes un-
balanced, oxidative stress is generated, altering
and damaging many biomolecules, including
DNA, lipids and proteins, in turn, decreasing
cell viability [5, 6, 8, 9]. We have shown before
that higher content of the products of oxidative
damage of proteins, lipids, DNA fragmentation
and cathepsin D activity, particularly free one
are the main characteristic signs of malignant
ovarian tissue [10]. However, it can be difficult
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to obtain a biopsy from ovarian tissue for rou-
tine biochemical measurements with prognos-
tic mission of diseases development. Instead
of them correspondent blood test would be
highly recommended. Thus, here we aim to
clarify the relationship between antioxidant/
pro-oxidant ratio and the signs of molecular
lesions and apoptosis rate in blood of ovarian
cancer patients and normal ovarian ones.

Materials and Methods

For this research we used the venous blood
samples taken from the 15 newly diagnosed
patients of reproductive age who had been
operated for epithelial ovarian cancer at the
Department of Gynaecology of Ternopil Regio-
nal Oncological Hospital. Cancer pathology was
verified histologically. According to FIGO clas-
sification, all diagnosed patients had stage III
disease. None of the operated oncologic female
patients had been previously treated with
platinum-based drugs (cisplatin/carboplatin/
cycloplatam) or cyclophosphamide. Venous
blood of 15 females not affected by the relevant
pathology were taken as controls. All experi-
mental studies were conducted in accordance
with the rules of the National Congress on
Bioethics (Kyiv, 2000) and the decision of the
Commission on Bioethics of the Ternopil State
Medical University (Ne 3, 2013).

All the procedures on bloods were carried
out at 4°C. All the reagents, except those spe-
cified below, were produced by “Synbias”,
‘chemically pure’ grade.

The determination was conducted in the
soluble fraction of blood, which had been re-
ceived to determine superoxide dismutase
(SOD) as a result of centrifugation of blood
within 10 min at 6000 g (S6), to determine the
level of oxygen radicals - as a result of its centri-
fugation within 45 min at 12 000 g (S12) and to
determine the concentration of metallothio-
neins - within 45 min at 16 000 g (S16).

Superoxide dismutase activity (SOD) (EC
1.15.1.1) was measured by a decrease in the
rate of the reduction of Nitrotetrazolium blue
in the presence of phenazine methosulfate and
NADH [11]. Enzymatic activity was expressed in
conventional units (CU). Enzyme activity, which
was able to cause a decrease in optical density
inthe process of the reduction of Nitrotetrazolium
blue in 50% test sample per 1 mg of protein
from the homogenate in soluble form, was
taken as 1 CU.

The content of total glutathione was deter-
mined in blood after complete reduction of

glutathione through the use of glutathione
reductase (Sigma, USA) and with the help of
Ellman’s reagent [12]. The level of 5-trinitro-
benzoic acid was monitored with a spectropho-
tometer at 412 nm.

The determination of protein carbonyls (PC)
was conducted due to their ability to form 2,4-
dinitrophenylhydrazones under the blood plas-
ma incubation in the presence of 0.1 M 2,4-dinit-
rophenylhydrazine in HCl, 2 M. The light absor-
bance was registered at 370 nm against the
control, and the content of phenylhydrazone
was calculated using a molar extinction coeffi-
cient of 2.1x10* M'em'[13]. Lipid peroxidation
was characterized by the products of interaction
between deproteinized blood after precipitation
of proteins with trichloroacetic acid (with final
concentration of 5%) from blood samples and
2-thiobarbituric acid (TBA). The formation of
TBA-reactive substance (TBARS) was calculated
by the intensity of the absorption of a pink-
coloured complex at 532 nm by the molar
extinction coefficient of the complex equal to
€=1.56x10°M-'cm™" [14].

The content of oxyradicals (OR) in S12 frac-
tion of the blood plasma was evaluated using
the non-fluorescent derivative, dihydrorhoda-
mine, which is convertedto the fluorescent dye,
rhodamine-123, after a reaction with reactive
oxygen species. The fluorescence signal was
detected by using an f-max fluorescence plate-
reader [excitation=485 nm, emission=538 nm]
immediately and after 20 min and used to
determine the rate of ROS formation [10, 15]
and expressed in relative fluorescence units
(RFU) per 1 mg of protein.

The content of metallothioneins (MTs) in
S16 fraction of blood was evaluated by the con-
tent of thiol groups (MT-SH) with slight modi-
fication [8, 9, 10, 16] with 5,5'-dithio-bis-2-nitro-
benzoic acid (DTNB, Sigma, USA) after the
chloroform-ethanol extraction of MT, and calcu-
lated assuming that 1 mol of MT contains the
same amount of SH-groups as 20 moles of
GSH.

Choline esterase (ChE, EC 3.1.1.7) activity
was determinedinblood asthe acetylthiocholine-
cleaving ChE activity according to the colo-
rimetric method of Ellman et al. (1961) at 25°C
[17]. Enzyme activity was calculated using a
molar extinction coefficient of 13.6x10° M-'cm™
and standardized to the soluble protein
content.

DNA damage was determined by the con-
tent of the fragmented deproteinized DNA in
the total DNA by the method of alkaline pre-
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cipitation of 10% blood plasma in 50 mM Tris-
EDTA buffer, pH 8.0, containing 0.5% sodium
dodecyl sulfate (Sigma, USA). The supernatant
contains damaged DNA molecules when the
pellet contains protein and a whole DNA. DNA
contentin the supernatantand in the pellet was
determined by the Hoescht dye in the presence
of 0.4 M NaCl, 4 mM of sodium cholate and
0.1 M Tris (pH 9.0) at the excitation wave
(ex.)=360 nm and emission (em.)=450 nm [18].
The content of fragmented DNA was expres-
sed as a percentage to the total DNA in the
sample.

Caspase-3 activity in blood samples was
measured using a colorimetric assay based on
the hydrolysis of peptide acetyl-Asp-Glu-Val-Asp
p-nitroanilide (Ac-DEVD-pNA) by caspase-3,
resulting in a release of the p-nitroaniline (pNA)
moiety. p-Nitroaniline was detected at 405 nm
(e,,10,500 M'cm ') [19, 20].

The enzymatic activity of cathepsin D (EC
3.4.23.5)was determined spectrophotometrically
by the formation of acid-soluble products of
hemoglobin enzymatic hydrolysis [10, 21]. The
reaction mixture contained 50% blood serum
in 0.25 M of sucrose solution and, as a substrate,
1% solution of bovine hemoglobin (Sigma, USA)
in 0.1 M acetate buffer (pH 5.0). The enzymatic
reaction was stopped by adding 10% solution
of trichloracetic acid up to a final concentration
of 2%. To determine the total activity of cathe-
psin D, the blood serum sample was previously
treated with 1% solution of Triton X-100 (Sigma,
USA) for 10 min at +37°C. The control sample
was incubated at +4°C for 30 min before adding
10% trichloracetic acid solution. The activity of
cathepsin D was calculated by the difference in
the optical density of experimental and control
samples at 280 nm wave length and expressed
as nmol of tyrosine/(minxmL).

The results of the measurements were
presented as means + standard deviation (SD)
M+SD for 15 samples of the blood of the ovarian
cancer patients and the reference group. If the
data was not normally distributed according to
the Lilieford test, it had been transformed using
the Box-Cox method. For the data that were not
normally distributed even after the transfor-
mation, non-parametric tests (Kruskall-Wallis
ANOVA and Mann-Whitney U-test) were perfor-
med. Differences were considered significant
if the probability of Type I error was less than
0.05. For evaluation of the antioxidative-prooxi-
dative equilibrium we proposed the Integrated
Oxidative Stress (I0S) index as the ratio of
antioxidant factors (SOD, GSH and MT-SH level)

and prooxidant manifestations (oxyradicals
(OR), TBARS and PC) after the standardization
of data [8, 9]. The main classification criterion
and relationship between biochemical para-
meters of the ovarian tissue samples was
evaluated using the discriminant analysis and
correlation analysis (Pearson’s correlation
coefficient r under the probability of the value
p<0.05). All statistical calculations were perfor-
med by means of Statistica v10.0 and Excel for
Windows 2010.

Results and Discussion

The results of an evaluation of antioxidant
defense system parameters (Table 1) show
glutathione level (by 366%) in blood of the
cancer patients is higher than in the control
ones and SOD activity just commensurate in
both groups. The MT-SH level (by 65%) is lower
under the ovarian cancer. At the same time, the
intensity of the oxyradicals formation (by 300%),
the concentration of TBARS (by 174%) and
protein carbonyls (by 186%) are higher in the
blood of the cancer patients compared to the
correspondent control ones.

The signs of cytotoxicity are determined in
blood of the ovarian cancer patients: an
increased (compared to the control ones) level
of DNA fragmentation (by 160%), caspase-3
activity (by 43%) and cathepsin D activity, both
of its total (by 546%) and, particularly, free
forms (by 952%). The activity of choline esterase
is twice as high as in the ovarian cancer group
compared to the intact one.

The application of discriminant functional
analysis (a subtype of the multivariate data
analysis) to the set of studied biochemical
parameters has shown that the characteristics
of cathepsin D activity both total and free,
choline estrase activity, TBARS and protein
carbonyls level are the main criteria for differen-
tiation of the studied groups (F(11,18)=2353,6,
p<0,0000). For an appreciation of the quantitative
equilibrium between antioxidant defence and
oxidative destruction, we calculated the I0S
index after standardizing the data. It was lower
in blood of the cancer patients (I0S=-39%)
indicating the balance shifting to oxidative
damage as the consequence of tolerance limits
of antioxidant defence system increased in
ovarian cancer patient.

Recent studies have shown an important
role for reactive oxygen species (ROS) in cancer
development [5]. ROS can be produced in dif-
ferent endogenous sources, such as mitochon-
dria, peroxisomes etc. [3] and are accumulated
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Table 1. Biochemical parameters in blood of ovarian cancer and normal ovarian patients,

M=SD, n=15
Groups
Parameter Normal ovarian Ovarian cancer

MT-SH content, yg-mL™" of blood 16.2+1.9 5.6+0.7*
Total glutathione content, mmol-L" of blood 0.9+0.1 4.2+0.8*
SOD activity, CU-mq" of protein 1.8+0.2 1.6+0.2
TBARS content, nmol-mL™" of blood 19.4+2.5 53.1+6.2*
Protein carbonyls level, nmol-mg’' of plasma proteins 0.7+0.2 2.0+£0.3*
Cholin esterase, nmol-min'-mqg™" proteins 0.38+0.04 1.25+0.18*
Oxygen radicals content, RFU-mqg™ of protein 0.94+0.08 3.76+0.42*
Caspase-3, pmol-min’'-mg"’ proteins 7.7+0.8 11.0+1.3*
Total activity of cathepsin D, nmol-min"mL" of blood serum 2.2+0.3 14.2+1.2*
Free cathepsin D activity, nmol-min"mL" of blood serum 0.96+0.07 10.10+0.89*
Content of fragmented DNA in total DNA, % 3.0+0.4 7.8+0.5*

Note. * - differences compared to the blood samples of the reference group, p<0.05.

under an imbalance between their production
and elimination by protective mechanisms,
referred to as antioxidants. ROS are overpro-
duced a long time, then, may cause DNA, pro-
tein, and/or lipid damage [7]. In our case the
ovary cancer is also said to be under oxidative
stress (IOS less than zero) associates with the
most prominent upraise of oxidative lesions
(triple of them, TBARS, protein carbonyls and
oxyradicals). We speculate that oxidative stress
causes injury to cells, among them initiation of
DNA strand breaks (DNAsb=1.65-0.02xTBARS+
1.93xPC*+0.65xOR*, R?=0.98, F(6,23)=212,69,
p<0.001; * - parameter makes a presumable
contribution to the mathematical model) and
liberation of cathepsin D from lysosomes
(Cathepsin D(free) =-3.69+0.19xTBARS*+0.78x
PC+0.48xOR, R?=0.96, F(6,23)=210,05, p<0.001).
Itis established that cathepsins, released from
lysosomes in course of oxidative injury of
membranes [22], cleave Bid, which activates the
mitochondrial apoptosis pathway [23]. Thus,
human ovary cancer progression is linked to
oxidative stress directly by increasing DNA
fragmentation and caspase-independent lyso-
somal-mediated apoptosis pathway.

Afailure to undergo apoptosis is considered
to be a key event in cancer formation and pro-
gression [24]. Using the key mediators of
mitochondrial events of apoptosis, caspase 3,
we have shown that ovarian cancer exhibits
higher rates of apoptosis than either samples
of the control group. Data about caspase 3 role
in cancer progress and patients survival are
controversial; and it has been demonstrated
that expression of caspase-3 does not correlate
with the extent of apoptosis in primary car-
cinomas [25]. Some investigators have also
reported increased rates of apoptosis in diffe-

rent types of cancer, breast carcinomas among
them. But, on the other hand, it has been shown
that loss of caspase-3 expression may decrease
breast cancer cells resistant to chemotherapy
and radiation therapy [26].

Many studies have found that the expression
level of AChE and/or BChE increases during
apoptosis in various cell types and alter human
breast, lung cancer, leukemia etc progress [27].
Many tumours, including ovarian carcinoma,
express ChEs, indicating that the enzymes may
be functionally important in neoplastic cell
transformation, and can be considered a mar-
ker of early differentiation [28]. In breast cancer
AChE activity is as in twice as high as in normal
breast. The difference in lectin reactivity bet-
ween erythrocyte and breast AChE, the lack of
AChE in blood plasma suggest that breast
epithelial cells produce AChE for membrane
attachment [27]. It has also been demonstrated
that AChE can hydrolyse lipid peroxides, which
may support the possibility that a reduction in
enzyme activity augments oxidative stress and
cellular damage of bronchopulmonary epithelial
cells [29]. We have also shown in our study the
concordant changes of choline esterase and
caspase-3 activity (r=0.83, p<0.001) strongly
suggest that ChE is an important component
in the common pathway leading to apoptosis
in human ovarian cancer and future studies of
such mechanisms would be of great interest.

Several in vitro studies have demonstrated
the importance of MTs expression for cancer cell
growth and survival. On the one hand overexp-
ression of MTs has been reported for different
type of cancers and MT levels have been
correlated with increasing tumour grade in
different ones [30, 31]. But, on the other hand,
the downregulation of MT protein production
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resulted in dramatic growth inhibition of several
human cancer cell lines. Similarly, when MT
expression was abolished in human PC-3
prostate and SKOV-3 ovarian cancer cell lines
using a specific ribozyme, there is a marked
increase in spontaneous apoptosis [32]. We have
also found that lower level of MTs in ovarian
cancer group potentially caused the caspase-
dependent apoptosis pathway activation
(r=-0.86, p<0.001). We speculate that apoptotic
activation is dependent on MTs levels via zinc,
because it is a potent inhibitor of caspase-3 [33].
Itis recognised that depletion of zinc by chelation
has been shown to promote apoptosis in vitro
[34]. Therefore, zinc bound to MTs may play a
crucial role in the control of apoptosis. Apoptosis
rate would be as higher as less zinc is liberated
in cells containing less MTs. Our present findings
are in good correlation with our previous work
that demonstrated decreased zinc concentration
in the samples of ovarian cancer tissue compared
with normal ovarian [10].

Conclusions
Using the multi-marker analysis of stress-
related processes in the ovarian cancer we
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QUALITATIVE COMPOSITION AND ORGANIC ACIDS CONTENT
IN THE ABOVEGROUND PART OF PLANTS FROM FAMILIES LAMIACEAE,
ASTERACEAE, APIACEAE AND CHENOPODIACEAE

S. M. Marchyshyn, M. I. Shanayda, I. Z. Kernychna, O. L. Demydiak,
I. S. Dahym, T. S. Berdey, I. M. Potishnyj
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Background. Organic acids are the compounds of aliphatic or aromatic orders, which are widespread in
flora and have a wide range of biological activity. We studied the qualitative composition and quantitative contents
of organic acids in the aboveground part of some unofficial medicinal plants from families Lamiaceae, Asteraceae,
Apiaceae and Chenopodiaceae is relevant.

Objective. The objects of the research are the aboveground part of unofficial medicinal plants from families
Lamiaceae, Asteraceae, Apiaceae and Chenopodiaceae.

Methods. Identification of organic acids was performed by means of thin-layer and paper chromatography,
their content was determined by means of gas chromatography, the quantitative amount of organic acids was
defined by titrimetric analysis.

Results. In the studied raw plants the quality of organic acids and their total contents were determined (in
terms of malic acid). It is established that the maximum content of organic acids is accumulated in the grass
Hyssopus officinalis L. (Lamiaceae), and the minimal is in the leaves of Chrysdnthemum xhortorum L. variety Apro
(Asteraceae). In all studied raw plants the dominance of aliphatic acids (citric, malic, oxalic and malonic) was

determined by means of gas chromatography. Benzoic is predominant among the aromatic acids.
Conclusions. In the studied raw plants the quality of organic acids and their total content were determined.
The following results can be used in developing the methods of quality control of the studied raw plants and

during the study of new bioactive substances.

KEY WORDS: organic acids, Lamiaceae, Asteraceae, Apiaceae, Chenopodiaceae, grass, leaves, thin-
layer chromatography, gas chromatography, paper chromatography.

Introduction

Organic acids are the biologically active
substances which are in plants in the free state,
in the form of salts, esters, dimers and com-
pounds with other substances. They are inter-
mediate products of plants’ metabolism: in-
volved in the oxidation of carbohydrates, fats,
amino acids and proteins; used in the synthesis
of amino acids, alkaloids, steroids, etc. [1, 2].

Organicacids have awide range of biological
effects. They enhance the secretory and motor
activity of the digestive tract, improving diges-
tion; help to reduce nitration processes in the
organismandtoreduce chemical carcinogenesis;
raise the protective strength and vitality of the
organism. The antioxidant, antiallergic, anti-
inflammatory, antiseptic properties of these
compounds are established [2].

Corresponding author: Svitlana Marchyshyn, Department of
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State Medical University, 1 Maidan Voli, Ternopil, Ukraine,
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According to the information above, we
consider that the study of the qualitative com-
position and quantitative contents of organic
acids in the aboveground part of some unofficial
medicinal plants from families Lamiaceae,
Asteraceae, Apiaceae and Chenopodiaceae is
relevant and is of significant scientific and
practical interest [3-5]. This will make it possible
to justify the use of these plants in the future
pharmaceutical researches.

The aim of our research is to define the qua-
litative composition and quantitative contents
of free organic acids in the aboveground part
of medicinal plants from families Lamiaceae
(Hyssopus officinalis L., Lophanthus anisatus L.),
Asteraceae (Bellis perennis L. — cultivated, Tagetes
tenuifolia Cav., Chrysdnthemum xhortorum L.
variety Apro), Apiaceae (Angelica sylvestris L.) and
Chenopodiaceae (Chenopodium album L.). The
leaves of Chrysdnthemum xhortorum and Angelica
sylvestris and the grass of the rest species were
used for phytochemical analysis. Raw plants for
research were harvested during their mass
flowering.
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Materials and Methods

Identification of free organic acids in raw
materials was performed out by means of thin-
layer chromatography (TLC), paper chroma-
tography (PC) and gas chromatography (GC)
accordingto [6, 7]. For TLC and PC the aqueous
extracts of raw plants were prepared. As stan-
dard samples for PC and GC benzoic, oxalic,
malic, tartaric, succinic, salicylic, citric acids and
the following solvent systems: n-butanol-formic
acid-water (10:1:4), 95% ethanol-chloroform-
concentrated solution of ammonia-purified
water (70:40:20:2); 95% ethanol-concentrated
solution of ammonia (16:4.5) and ethyl acetate-
formic acid-water (3:1:1) were used. The
chromatograms were developed after drying
in 0.05% alcohol solution bromothymol blue
and 0.1% solution of 2,6-dichlorophenolin-
dophenol sodium salt hydrate. The action of
ammonia vapours on chromatograms after a
few seconds improved the contrast of spots.

The quantitative contents of organic acids
in aqueous extracts of raw plants were deter-
mined according to [7] by titrimetric method.
The contents of free organic acids (X) in terms
of malic acid in absolutely dry raw materials in
percentage were calculated by the formula:

~ Vx0,0067x250x100x100
mx10x(100-W)

where: V — volume of 0.1 M sodium
hydroxide solution consumed on titration, ml;

0.0067 — the amount of malic acid corres-
ponding to 1 ml of 0.1 M sodium hydroxide
solution;

m — mass of raw material, g;

W — loss in weight because of drying, %.

The quantitative contents of individual or-
ganic acids were defined by modified methods
for determining the fatty acids in raw plants

with further detection of organic acids. It is
based on getting acid methyl esters (fatty, orga-
nic, phenolic) by methylating agent and their
removal for further chromatographing by
means of the gas chromatograph Agilent Tech-
nologies 6890 N with mass spectrometric de-
tector 5973 N. Methyl esters of organic acids
were obtained by a modified method of A.
Carrapiso [8].

Results

3-5organic acids were identified in the raw
plants of every studied species by TLC and PC
methods (Table 1).

According to Table 1, all studied species
contain citric, oxalic and malic organic acids;
tartaric, salicylic, benzoic and succinic acids
were found only in some representatives.

The results of quantitative contents of
organic acids determination (in terms of malic
acid) are shown in Table 2. According to Table 2,
the maximum contents of organic acids accu-
mulate in the grass Hyssopus officinalis, the
lowest is in the leaves of Chrysdnthemum xhor-
torum.

The component composition and quanti-
tative contents of individual organic acids in the
aboveground organs of some studied species
was defined by means of GS method (Table 3).
13 organic acids in raw plants of Hyssopus offi-
cinalis, 19 —in Lophanthus anisatus, 5 —in Bellis
perennis, 5 — in Chrysdnthemum xhortorum,
18 — in Chenopodium album, 15 — in Angelica
sylvestris were determined.

Discussion

According to the results, aliphatic organic
acids (citric, oxalic, malonic and malic) were
defined in all studied raw plants by means of the
methods of thin-layer, gas and paper chroma-

Table 1. Results of Organic Acids Identification in Raw Plants from Families
Lamiaceae, Asteraceae, Apiaceae and Chenopodiaceae

Types of plants
. Hyssopus | Lophanthus Bellis Tagetes Chrysan- Che.nopo- Angelica
Acid N . . A themum dium ;
officinalis anisatus perennis | tenuifolia h b sylvestris
(grass) (grass) (grass) (grass) xhortorum aroum (leaves)
(leaves) (grass)
succinic + + - + - + traces
tartaric - - traces - - - -
citric + + + + + + +
salicylic - traces + - - - traces
oxalic + + + + + +
malic + + traces + + +
benzoic + + - - - + -
Note: “+" — labels identified compounds, “-" — labels unidentified compounds.

(=]
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Table 2. Quantitative Contents of Organic Acids in Raw Plants from Families
Lamiaceae, Asteraceae, Apiaceae and Chenopodiaceae

T Hyssopus | Lophanthus Bellis Tagetes Chrysan- Che.nopo- Angelica
ypes officinalis anisatus perennis | tenuifolia themum dium sylvestris
of plants (grass) (grass) (grass) (grass) xhortorum album (leaves)
(leaves) (grass)
Contents | 3,26+0,03 | 2,49+0,02 | 0,69+0,01 | 2,78+0,16 | 0,34+0,05 | 2,37+0,03 | 0,69+0,29
of acids, %
Table 3. Contents of Main Organic Acids in Raw Plants from Families
Lamiaceae, Asteraceae, Apiaceae and Chenopodiaceae
Component Content, mg/kg
Acid Hyssopus | Lophanthus Bellis Chrysanthemum | Chenopodium | Angelica
officinalis anisatus perennis xhortorum album sylvestris
(grass) (grass) (grass) (leaves) (grass) (leaves)
oxalic 84 370 70 310 20257 0,69+0,29
malonic 3731 3578 1069 557 963 1066
succinic 82 214 - - 727 37
benzoic 466 101 - - 81 -
malic 946 590 - 2797 297 1101
citric 3063 1500 438 1562 792 1122

tography. The detection of organic acids is a
topical issue of phytochemical researches. The
study on composition and contents of these
compounds in raw plants was not the urgent
matter before [2, 9, 10].

Citric acid is very widespread in nature and
is used in medicine as a part of drugs to improve
energy metabolism; malic and oxalic acids are
used in food industry [2, 9]. We consider that
among all investigated objects the grass
Chenopodium album is the most promising
source of oxalic acid, and the grass Hyssopus
officinalis — of citric and malic.

Malonic acid is the predominant organic
acid in all investigated raw plants except the
grass Chenopodium album. This dicarboxylic
acid is an important component of biochemical
reactions in a plant organism and a precursor
in the synthesis of cinnamic acids and flavonoids;
its significant contents indicates the level of
metabolism in plants during the preparation of
raw plants (in the period of their flowering). Its
accumulation in plants depends on the intensity
of photosynthetic activity, enzymic reactions,
temperature, etc. Studying the role of this acid
in plants and its effect on the biological activity
of phytosubstances of plants is a promising
area for scientific investigations [11].

Benzoic acid is quantitatively dominant
among the aromatic acids in the grass family
Lamiaceae (Table 3), which is rather useful in
pharmacy because it has anti-inflammatory,
antibacterial and immunotropic properties [2].
the grass Hyssopus officinalis is the most
promising for benzoic acid among the studied
species.

Conclusions

The quantitative content of organic acids
was studies and determined in the aboveground
parts (grass or leaves) of the plants from fami-
lies Lamiaceae, Asteraceae, Apiaceae and Cheno-
podiaceae.

The component composition of free organic
acids in raw plants from families Lamiaceae
(Hyssopus officinalis, Lophanthus anisatus),
Asteraceae (Bellis perennis — cultivated, Tagetes
tenuifolia, Chrysdnthemum xhortorum variety
Apro), Apiaceae (Angelica sylvestris) and Chenopo-
diaceae (Chenopodium album) were analysed by
means of gas chromatography for the first time.
The dominance of aliphatic acids (citric, malic,
oxalic and malonic) was determined. The follo-
wing results can be used to develop the me-
thods of quality control of the studied raw
plants and during the study of new bioactive
substances.
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SUPPLY OF ANTIHYPERTENSIVE DRUGS AND CARDIOVASCULAR
MORTALITY IN POLAND IN 2000-2010
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Background and objective. In Poland, the sale of antihypertensive drugs has significantly increased since
2000. According to that fact, the aim of our study was to determine if the increased use of antihypertensive drugs
correlates with the decreasing mortality due to cardiovascular diseases (CVD) including hypertension (HT).

Methods. The analysis is based on data on annual national sales (million units) of four types of antihypertensive
drugs in 2000-2010. For the same period standardized mortality rates were calculated based on the data available
from the Central Statistical Office in Poland. Data analysis involved correlation analysis between annual mortality
rates due CVD and HT and country-wide annual sales of antihypertensive drugs (2000-2010).

Results. In the period 2000-2010, standardized mortality rates of CVD in the whole population followed a
decreasing trend. Analysis of correlation of CVD with specific drug provided the following findings: diuretics
(r=-0.97; p<0.0001) beta-blockers (r=-1.0; p<0.0001) renin-angiotensin system (RAS) inhibitors (r=-0.72 p=0.01)
calcium-channel blockers (r=-0.82; p=0.001) Standardized mortality rates for the HT showed fluctuating trend.
Correlations of that mortality with global sale of these drugs were no longer negative: r=0.54; p=0.08, r=0.56;
p=0.08 r=0.55; p=0.07; r=0.63; p=0.03, respectively.

Conclusions. In Poland, in 2000-2010, an improved access to pharmacological control of HT was associated
with an apparent reduction in mortality from CVD but not from HT. The latter findings might reflect imprecise
definition of HT as a cause of death or the fact that HT leads to other cardiologic events usually reported as a

cause of death.

KEY WORDS: antihypertensive drug therapy, cardiovascular disease, hypertension.

Introduction

Standardized mortality rates caused by car-
diovascular diseases (CVD) have been decrea-
sing in developed countries since 1980 [1]. In
Poland, in the last 20 years, CVD mortality
decreased twice and the dynamics was strong
between 1990 and 2000 [2]. Many hypotheses
have addressed the issue, including changes of
lifestyle and diet, improved access to modern
medical technologies [3]. Another potential
factor could berelated to better pharmacological
control of hypertension (HT) [4]. Such an expla-
nation can be explored in ecological manner
through analysis of correlation between the
nation-wide sale of hypertensive drugs and
CVD/HT mortality, over a period of time.

The major classes of antihypertensive drugs
include beta-blockers (BB), renin-angiotensin
system inhibitors (RES), diuretics (D) and cal-
cium channel blockers (CCB). Clinical studies
confirm that those drugs used in the treatment
Address for correspondence: Kamil Barariski, Department of
Epidemiology, Medical School in Katowice, Medykéw 18%
Street, Katowice, 40-752

Tel.: +48 32 208 85 38
E-mail: kbaranski@sum.edu.pl

of HT are effective in preventing heart attack
and stroke [5]. Less is known about population-
based impact of the increased supply of the
above drugs on ultimate outcome of HT, such
as CVD mortality. In Poland, increased sales of
and access to modern antihypertensive drugs
has occurred over the two last decades and
annual whole-country sales are available for a
recent period (2000-2010), thus making such
analysis possible.

The principal aim of our study was to deter-
mine if the increased use of antihypertensive
drugs correlates with the decreasing mortality
due to cardiovascular diseases (CVD) including
hypertension (HT), in general population of
Poland. The secondary aim of the study was to
explore the hypothesized correlation in three
age groups: 0-44 years, 45-64 years, above 64
years.

Materials and Methods

The analysis is based on data on annual
sales (million units) of four types of antihyper-
tensive drugs in 2000-2010: beta-blockers (BB),
renin-angiotensin system inhibitors (RES),
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diuretics (D) and calcium channel blockers
(CCB). Annual standardized mortality rates due
to CVD and HT were calculated from raw data
provided by the reports of the Central Statistical
Office in Poland, using direct method (reference
population: WHO European Standard Population
[6]. Correlation analysis of CVD and HR with
drug sales (Spearman method) was performed
for the entire population and for three age
groups (0 to 44, 45 to 64 and over 64 years of
age). Statistical significance was assumed at
p=0.05. All calculations were performed in SAS
software (version 9.20, SAS Institute, Cary,
N.C.).

Results

Standardized mortality rates due to CVD
(n/100000) in Polish population between 2000-
2010 were: 439,428,412,412,391,377, 365, 358,
350, 350, 331, respectively. In the same period
the annual sales of all antihypertensive drugs
(mIn units globally) were: 100, 97, 96, 100, 105,
117, 123, 134, 143, 154, 158. Figure 1 shows

annual antihypertensive drugs supply in each
defined category and annual mortality rates
due to CVD, over the same period.

Correlation analysis of CVD mortality with
the defined classes of drugs showed negative
and statistically significant coefficients: BB
(r=-1.0p<0.001), RES (r=-0.72 p=0.01), D (r=-0.97;
p<0.001), CCB (r=-0.82 p=0.001). Additional
analyses involving stratification for age showed
larger coefficients of correlation in older seg-
ments of the population (Table 1).

Standardized mortality rates due to HT
(n/100000) in Polish population between 2000~
2010 were: 11,73; 10,82; 10,44; 11,30; 11,36;
12,53; 13,02; 12,60; 11,53; 12,38; 12,0; 10,24,
respectively. Figure 1 shows annual antihyper-
tensive drugs supply in each defined category
and annual mortality rates due to HT, over the
same period.

Trends of antihypertensive drugs supply
with standardized mortality rate caused with
HT are shown in Figure 2.

Table 1. Correlation of the supply of selected antihypertensive drugs (BB, RES, D, CCB)
with CVD standardized mortality rate in polish population between 2000-2010

Type of antihypertensive drug
Specified group age BB RES D CCB
0-44 years r=-0.82 r=-0.46 r=-0.756 r=-0.52
p<0.05 NS* p<0.05 NS*
45-64 years r=-0.99 r=-0.71 r=-0.96 r=-0.82
p<0.05 p<0.05 p<0.05 p<0.05
>64 years r=-0.98 r=-0.72 r=-0.96 r=-0.82
p<0.05 p<0.05 p<0.05 p<0.05

Legends: NS - not significant, BB - beta-blockers, RES - renin angiotensin system inhibitors, D - diuretics, CCB - calcium

channel blockers.
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Correlation analysis of HT mortality with the
defined classes of drugs showed negative and
statistically significant coefficients: Beta-Blo-
ckers (r=0.56 p=0.07), RES (r=0.55 p=0.07),
Diuretics (r=0.54; p=0.08), CCB (r=0.63 p=0.03).
Additional analyses involving stratification for
age showed larger coefficients of correlation in
older segments of the population (Table 2).

Discussion

High mortality due to cardiovascular dise-
ases, seen for decades in the XX century in
Poland, declined rapidly in 1991-1994. Since
then the pace of decline is slower, but apparent.
For example, CVD standardized mortality rates
significantly decreased from 431 in 2000 to 339
in2010. The observed phenomenonis attributed
to a number of factors, including change of
lifestyle with particular focus on healthy diet.
Some estimates suggest that the reduction of
dietary cholesterol intake in the analyzed period
has explained a 39% reduction in general
mortality due to coronary heart disease (CHD),

in Poland [7]. Other factors include reduced
smoking and increased physical activity with
the estimated contribution to decreased CHD
mortality at the levels of 11% and 10%, respec-
tively [8]. Other studies suggest an important
role of tobacco smoking cessation (as most
important cause), followed by blood pressure
control (10%) and cholesterol (10%) [9]. The role
of smoking habit together with high density
lipoprotein cholesterol concentrations, trigly-
ceride concentrations, diabetes, body mass
index, height, alcohol intake, physical activity,
and level of education have been also confirmed
by ecological findings in the Polish population
[10].

Interest in the impact of environmental
factors on CVD mortality is justified by given
socioeconomic changes in Poland, in recent
decades. However, the role of clinical control
of CVD cannot be neglected. After 1990 the
Polish population has an increasing access to
modern therapeutical measures, including
effective medical technologies and effective

Table 2. Correlation of the supply of selected antihypertensive drugs (BB, RES, D, CCB) with HT
standardized mortality rate in polish population between 2000-2010

Type of antihypertensive drug

Specified group age BB RES D CCB
0-44 years r=-0.58 r=-0.29 r=-0.52 r=-0.31

NS* NS* NS* NS*
45-64 years r=0.79 r=0.70 r=0.78 r=0.75
p<0.05 p<0.05 p<0.05 p<0.05
>64 years r=0.92 r=0.76 r=0.87 r=0.83
p<0.05 p<0.05 p<0.05 p<0.05

Legends: NS - not significant, BB - beta-blockers, RES - renin angiotensin system inhibitors, D - diuretics, CCB - calcium

channel blockers.
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medicaments used in the treatment of CVD. In
Poland, the contribution of those factors to the
diminished CHD mortality could be as large as
37% [8]. The effect is likely to reflect not only a
better access to modern pharmacological ma-
nagements but also could be attributed to some
changes in health care organization including
physician-patient interactions. Social aspects
could play a role and result in improved com-
pliance of patients thus leading to stronger
preventive outcomes in patients with chronic
CvD [11].

Our findings showed a negative correlation
between country-wide sale of antihypertensive
drugs and CHD mortality, particularly in older
segment of the Polish population. The result
corresponds with a view concerning beneficial
effect of pharmacological prevention of CHD
mortality. Such effect was also seen in other
study that addressed a risk of so called compo-
site CVD events, stroke and all-cause mortality
[12]. Alarge meta-analysis covering more than
40000 patients with hypertension provided
interesting evidence concerning cardiovascular
events and mortality: antihypertensive therapy
was associated with the reduction of all-cause
mortality rate by 13%, the risk of death from
all-cardiac causes by 18%, CV events by 21, and
stroke by 30%, including fatal stroke by 39%
[13]. With regard to our findings it is of relevance
that the gain is much larger in older patients
than in young patients with hypertension [14].
It remains unknown to what extent the age-
related difference reflects age-related duration
of disease and, consequently, age-related
duration of the treatment. Such explanation
cannot beignored when discussing no apparent
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EPIDEMIOLOGICAL AND EPIZOOTIC ASPECT OF LEPTOSPIROSIS
EVOLUTION IN TERNOPIL REGION

N. A. Vasylieva, Yu. A. Kravchuk

I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

TERNOPIL REGIONAL LABORATORY CENTRE OF THE STATE SANITATION AND EPIDEMIOLOGICAL
SERVICE OF UKRAINE, TERNOPIL, UKRAINE

Background. Ternopil region is endemic on leptospirosis. Its natural conditions (slightly alkaline or alkaline
soils, air temperature, sufficient rainfall) contribute to the existence of major natural reservoir of the pathogen -
mouse-like rodents. In the region, different serovariants of leptospira are exuded by rodents and farm
animals.

Objective. The materials of the Department of Highly Infectious Diseases of Ternopil Regional Laboratory
Centre of the State Sanitation and Epidemiological Service of Ukraine, Ternopil Regional Laboratory of Veterinary
Medicine, Clinic of Infectious Diseases of TSMU were studied.

Leptospiras were detected by dark ground microscopy (DFM) of blood of patients, trapped rodents and ex-
amined farm animals.

Results. The circulating of pathogens between different sources (rodents, animals) and annual disease in-
cidence evidences that new leptospira serovar are carried onto endemic area mostly by farm animals; humans
are infected from them through the environment sometimes in 3-5 years intervals; the further diffusion to the
new areas of this pathogen serovars in all kinds of the examined mouse-like rodents is noticed.

It is established that farm animals and rodents are competing reservoirs. To predict the future epidemio-
logical situation of leptospirosis among the humans and to improve its diagnosis the constant monitoring of the
population, infection and leptospira carriage among mouse-like rodent and farm animals and expanding of the
panel of diagnostic leptospira strains including new pathogen variants in animals is necessary.

Conclusions. The development of additional reservoirs in animals, with circulating of other pathogen
serovars among them, such as mouse-like rodents, which were previously absent in the main natural reservoir,
cause the change of etiological structure in human leptospirosis at the endemic areas. The range of human
leptospirosis pathogens and its further spreading among all kinds of rodents increased during our research. The
results of detection of leptospirosis pathogens among the various contingents which were studied evidence that

PUBLIC HEALTH AND EPIDEMIOLOGY

the farm animals and rodents are competing reservoirs that cause human infection through environment.

KEY WORDS: leptospirosis, disease incidence, source of infection, rodents, farm animals.

Introduction

Leptospirosis is a common infectious dis-
ease among humans and animals. The features
of this disease are: mostly severe course, high
mortality, and great social and economic losses.
Every year more than 1.03 million cases and
58.900 deaths happen due to leptospirosis in
the world. The highestincidence and mortality
rate is in South and Southeast Asia, Oceania,
Latin America, East Africa [1]. This disease was
recorded in almost all regions of Ukraine, in
Ternopil region as well.
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Venereology, I. Horbachevsky Ternopil State Medical University,
1 Maidan Voli, Ternopil, Ukraine, 46001

Tel.: +380352524725

E-mail: vasylyeva@tdmu.edu.ua

The mouse-like rodents and natural condi-
tions (slightly alkaline and alkaline soils, suffi-
cient rainfall, appropriate air temperature [2,
3]) as main natural pathogen reservoir define
the endemicity of leptosirosis area and contri-
bute to preservation and dissemination of this
disease.

The aim of the research was to investigate
regularities of epidemic and epizootic processes
of leptospirosis and study it’s pathogen circu-
lation between different nidi (rodents, animals)
and person.

Materials and Methods

The materials of the Department of Highly
Infectious Diseases of Ternopil Regional Labo-
ratory Centre of the State Sanitation and Epi-
demiological Service of Ukraine, Ternopil Re-
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gional Laboratory of Veterinary Medicine,
Clinic of Infectious Diseases of TSMU were
studied.

Leptospiras were detected by dark ground
microscopy (DFM) of blood of patients, trapped
rodents and examined farm animals.

Pathogen serovar was determined accord-
ing to serological investigation in microhemag-
glutination test of live leptospira cultures
(RMAL); standard diagnostic set consisted of
11 leptospira serogroups that consisted of both
diagnostic strains proposed by the WHO and
strains registered in Ukraine and identified in
accordance with international reference cul-
tures.

The leptospirosis incidence among the hu-
mans in Ternopil region in 1980-2014, leptospira
contamination of animals at private and collec-
tive farms and also rodents in the wild were
studied.

Results and Discussion

In Ternopil region there were two rather
large “bath” leptospirosis outbreaks in children
(laboratory deciphered L. grippotyphosa) in July
1963 (18 patients) and in August 1972 (22 pa-
tients). It happened after swimming in the
river, livestock farms were situated upstream
of it. The rodents trapped near the river con-
taminated with leptospira too.

Since 1972 regular monitoring of leptospiro-
sis among the humans took place. The lept-
ospirosis incidence among humans in the re-
gion differed: 1,05-12,17 per 100 thousand of
population (2-149 cases per year); the highest
rate wasin 1992-2001, the maximum incidence
was in 1994, in 2014 - 3,26, which exceeded the

0k
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average rate in the country all the time and was
the highest in Ukraine for many years.

Till 1981 L. grippotyphosa was the main
leptospirosis pathogen in humans (90% cases
etiologically deciphered). The percentage of
this leptospira in the structure of leptospirosis
decreased by 41,1-51,4% in 1988-1989, by 3.4%
in 1994. From 1999-2000 there were no inci-
dence of leptospirosis caused by this pathogen.
L. icterohaemorrhagiae was the main etiologi-
cal factor of this disease in the 90s (in 1991 —
93,2%, in 2000 — 100,0%).

The disease was rarely caused by other
leptospira serogroups. The disease caused by
L. hebdomadis (5,9-45,4%), L. canicola (14,2-
60,0%), L. pomona (3,1-21,4%) was registered
in 2002; the rate of L. icterohaemorrhagiae
decreased by 37.5%, there were only some rare
cases of L. grippotyphosa (Fig. 1). The rate of
combined leptospirosis significantly increased
in recent years (34.3% of all registered in
2014).

The etiologic spectrum of leptospirosis in
humans and in mouse-like rodents in the first
stage of observation did not coincide (1981-
1993). In the natural habitats the antibodies to
leptospira of Grippotyphosa serogroup were
found in mostly different kinds of voles, field
and house mice; only to Icterohaemorrhagiae
- in domestic grey rats. Hebdomadis segroup
was also found in voles and mice and at home
foci as well. During the same period the disease
caused by the above mentioned pathogens as
well as Canicola and Pomona (1982) (Fig. 1),
further Kabura (2005) Polonica (2007), was
registered in humans, but in rodents these
pathogens had not been found before that

1997 1999 2001 2003 2005 2007 2009 2011 2013

HL. canicola L. pomona

Figure 1. Etiological structure of human leptospirosis incidence in Ternopil region (annual percentage fraction of

pathogens, 1980-2015, %).
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time. In 2010 one case of leptospirosis in hu-
mans caused by L. australis was registered.
According to the epidemiological anamnesis
the source of infection has not been estab-
lished. The contamination possibly happened
at other area.

The animals can be the source of lepto-
spirosis infection too. The vaccination process,
natural infection or animal disease might cause
their serological positivity. The vaccine do not
contain L. kabura, (L. hebdomadis), L. bratislava,
which are often detected in animals.

Every year the carriers of leptospirosis and
disease incidence in farm animals were regis-
tered at private and collective farms of Ternopil
region which ended up with animal death and
abortion; from 1983 epizootic diseases were
rare, clinically apparent forms of leptospirosis
were not registered, however, sufficiently high
titers (1: 400) of antibodies were defined, which
evidenced about carrying or subclinical form of
the disease in animals and we should consider
them as potential sources of leptospirosis for
humans. Itis possible that the animals’ infection
happened after restocking from other farms
and areas.

According to the recent researches, the du-
ration of leptospirosis carrying in cattle is up to
6 months: in pigs — up to1 year; 10% of cattle
and 30% of pigs are carriers for life, as well as
rats and mice [4]. However, some authors
believe that at most areas the domestic and
farm animals are not very important for the
epidemiology of leptospirosis because rats
usually are revealed at these loci [5].

Etiological structure of animal leptospirosis
is diverse and includes L. icterohaemorrhagiae,
pomona, grippotyphosa, hebdomadis, polonica,
canicola, kabura, tarassovi; L. bratislava was
registered in 2007 (87.5% in pigs in 2008), often
diagnostically significant titers of antibodies to

two different serovars are defined at the same
time (71,4-78,0% in cattle in 2003-2006).

Till 1983 only leptospira of Grippotyphosa
and Icterohaemorrhagiae serogroups, someti-
mes of Hebdomadis, was detected; later
antibodies to other serovars were identified:
Canicola in rats (2004), Kabura (2006) in
different kinds of voles, except Grippotyphosa,
also Icterohaemorrhagiae, Pomona, Canicola,
Hebdomadis; the expanding of pathogens and
their further distribution in all kinds of
examined mouse-like rodents took place. In
2015 leptospira Polonica was identified in
rodents for the first time.

The range of serologically identified patho-
gens was listed during the monitoring of
humans, farm animals and mouse-like rodents
(Table 1).

Due to this study and our previous re-
searches [6-8] we verify that leptospira serovars
in farm animals cause the human diseases
because these pathogens were not exuded by
rodents in this region before. New leptospira
serovars, which are carried mostly by farm
animals and humans are infected through
environment from them, in humans are usually
registered in 3-5 years after they are exuded
from animals. We also evidence the further
spread of the new pathogen serovars at this
area in all kinds of examined mouse-like
rodents.

So, it was proved that farm animals and
rodents are competing reservoirs of leptospirosis
pathogens. To predict future epidemiological
situation of leptospirosis in humans and to
improve its diagnosis the monitoring of the
population, infection and leptospira carriage
among mouse-like rodents and farm animals
and expanding of the panel of diagnostic
leptospira strains including new pathogen
variants in animals is necessary.

Table 1. Leptospirosis pathogens serologically identified in humans,
farm animals and rodents (1972-2015).

Rodents

Farm animals

Humans

L. icterohaemorrhagiae (1972)

L. icterohaemorrhagiae (1972)

L. icterohaemorrhagiae (1972)

L. grippotyphosa (1972)

L. grippotyphosa (1972)

L. grippotyphosa (1972)

L. hebdomadis (1983)

L. hebdomadis (1981)

L. hebdomadis (1981)

L. canicola (1982, 2004)

L. canicola (1979)

L. canicola (1982)

L. pomona (2008)

L. pomona (1979)

L. pomona (1982)

L. kabura (2006)

L. kabura (2002)

L. kabura (2005)

L. polonica (2015)

L. polonica (2002)

L. polonica (2007)

L. tarassovi (2002)

L. bratislava (2007)

L. australis (2010)

(=]
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Thus, the factors that contribute to the
evolution of the epidemic processin leptospirosis
are:

-biological changes of the natural reservoir -
species composition of rodents, their number
and contamination;

- expanding of new leptospira strains into
endemic areas of farm animals, which cause
human infection through environment and
further spread among mouse-like rodents and
pathogen establishment there.

Prevention: annual examination for lepto-
spirosis of breeding stock and animals pur-
chased for sale in other farms; sterilization of
animal carriers; vaccination; diratisation;
draining of wetlands could decrease (possibly
avoid) the expanding of new leptospira strains
into endemic areas and prevent the disease
incidence in humans.
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ENZYME MARKERS ACTIVITY AND BILE FORMATION FUNCTION
OF LIVER IN CASES OF TUBERCULOSTATICS AND HEXAVALENT
CHROMIUM COMPOUNDS AFFECTION IN RATS

N. I. Burmas, L. S. Fira, P. H. Lyhackyy
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Currently, the growing incidence of toxic lesions of the liver is associated with
industrial chemicalization and uncontrolled use of hepatotoxic drugs in everyday life. There are about
one thousand drugs with high or low hepatotoxicity, such as anti-TB drugs.

Objective. In this research we studied the intracellular enzymes activity and bile formation function
of the liver in rats of different ages in cases of tuberculostatic (isoniazid and rifampicin) affection and
chromium (potassium dichromate) intoxication.

Methods. The experimental affection of rats of different ages was performed by combined injection
of hexavalent chromium compounds (a solution of potassium dichromate, 3 mg/kg), isoniazid
(0.05 g/kg) and rifampicin (0.25 g/kg). On the 7% and 14" days the rats were injected with enterosorbent
Sorbex (150 mg/kg). Enzyme markers activity of the liver was evaluated due to alanine and aspartate
aminotransferases (ALT and AST) and alkaline phosphatase (ALP) rates. Bile formation function of the
liver was evaluated by total bilirubin and bile acids content in blood.

Results. The disorders in hepatocytes plasma membranes permeability were defined by the
increased rates of ALT, AST and alkaline phosphatase in blood serum which were decreased in the
liver. It was determined that total bilirubin and bile acids content in blood serum of the affected
animals increased. It influenced hepatocytes excretion in bile capillaries and caused cholestasis and
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revenues decrease in bile.

Conclusions. The most significant metabolic disorders in cases of chrome-isoniazid-rifampicin
affection were defined in immature and senior animals in comparison with mature animals.

KEY WORDS: isoniazid, rifampicin, hexavalent chromium compounds, liver enzymes,

bile formation.

Introduction

Considering the role of liver in the chemical
compounds metabolism we can assert that
there are no drugs that in certain conditions
would not cause impairment. More and more
information about their hepatotoxic effect
indicates that medical affection of the liver is
one of the major problems of hepatology [1-3].
Antituberculosis drugs are of great interest
[4-6].

According to the Centre of monitoring of
adverse reactions of drugs (2007), isoniazid -
29.2%, rifampicin - 26.7%, capreomycin - 17.1%,
ethambutol - 10.2% dominate among mono-
preparations in high incidence of the adverse
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University, 1 Maidan Voli, Ternopil, Ukraine, 46001

Tel.: +380976123434
E-mail: burmas@tdmu.edu.ua

reactions in world [5]. Thus, the risk of the
development of hepatitis increases in patients
who take rifampicin together with isoniazid. In
this case hepatitis incidence is 5-8%. During the
isoniazid monotherapy, the incidence of hepa-
titis is 1.2%, but during the rifampin monothe-
rapy - 0.3% [4].

According to the researches [7, 8], the hepa-
totoxicity of isoniazid may be developed in two
ways: 1. the accumulation of free radicals with
activation of lipid peroxidation and the formation
of reactive metabolites: acetylisoniazid, hydra-
zine, monoacetylhydrazine; 2. the increased
activity of N-acetylisoniazid by N-hydroxylation
and formation of acetyl radical and acetyl car-
bonium ion.

The metabolism of acetyl hydrazine and
microsomal monooxygenases cause hepatotoxic
effect as a result of the covalent addition of
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acetyl groups to the liver proteins [7], which
manifest as temporary asymptomatic increase
of transaminases activity. The hepatotoxicity of
rifampin is also due to the formation of toxic
metabolites as a result of its deacetylation in
the liver that leads to hepatocytes dystrophy
[9, 10].

However, increasing saturation of the envi-
ronment by the compounds of heavy metals
leads to the accumulation of these compounds
in human bodies, of those who live on the con-
taminated areas from early childhood [11-13].
According to some studies, in the future the
compounds of heavy metals as the threat for
the environment can become the urgent
matter, leaving nuclear stations wastes and
organic anthropogenic pollution behind [13].

Today Chromium (VI) is recognized by the
International Agency of the Cancer Researches
of the European Union to be one of six chemical
elements (Arsenic, Beryllium, Cadmium, Cobalt,
Nickel and Chromium) that reveal the carcino-
genic effect on human body [14, 15]. The influ-
ence of the compounds of Chromium (VI) is
accompanied by toxic effects and serious inter-
nal organs (kidneys, lungs, liver) damage.

But, the recent studies do not provide full
concept of the of liver enzymes activity and its
influence on bile formation function in cases of
combined effect of hexavalent chromium com-
pounds on age-dependent isoniazid-rifampicin
destruction of the body, which is presented in
this research.

Materials and Methods

The experiments were conducted on out-
bred white male rats of three age groups: the
1stgroup - immature (3-month-old animals,
90-110 g in weight); 2" group - mature
(6-month-old animals, 150-170 g in weight);
and the 3 group - senile (18-months-old ani-
mals, 280-300 g in weight). The rats were kept
on a standard diet at the vivarium of Ternopil
State Medical University.

The manipulations on the animals were
carried out according to the Article 26 of the
Law of Ukraine “On protection of cruelty to
animals” from 21.02.2006. No. 3447-1V, “Euro-
pean Convention on protection of vertebrate
animals used for experimental and other scien-
tific purposes”, “General ethical principles of
the experiments on animals", approved
20.09.2001 during the 1t Ukrainian National
Congress on Bioethics considering regulations
of NIH Guide on Care and Use of Laboratory
Animals [16].

The experimental toxic affection of the ani-
mals was simulated by combined effect of
hexavalent chromium compounds, isoniazid
and rifampicin. Hexavalent chromium com-
pounds were administered intragastrically to
animals every day for one group by the solution
of potassium dichromate, 3 mg/kg. For another
group on the 7" and 14™ days isoniazid and
rifampicin by metallic probe in aqueous solu-
tion, 0.05 g/kg and 0.25 g/kg accordingly, were
administered intragastrically. For combined
action, the xenobiotics mentioned above were
administered in the same doses.

Euthanasia was performed by means of
thiopental sodium on the 7t and 14 days from
the first day of xenobiotics administration. The
study of liver homogenate and blood serum
was performed. The blood was taken from the
heart of animals by centrifugation at 3000 rev/
min during 30 min. The obtained blood serum,
sedimentary liquid, was used for researches.
Liver (250 mg) was put into 10% homogenate
and different homogenisation methods were
used after previous perfusion in physiological
solution.

The activity of liver enzyme markers was
determined by the rate of aminotransferases
(ALT and AST) and an alkaline phosphatase
(ALP) (the reagents of OOO NPP Filisit- Diag-
nostics, Ukraine) in blood serum and liver
homogenate. The evaluation of ALT rate was
conducted by compound of 2-oxoglutaric acid
and L-alanine, which under the influence of
alanine aminotransferase formed L-glutamic
and pyruvic acids. The interaction of pyruvic
acid and 2.4-dynitrophenylhydrazine in alkaline
medium formed 2.4-dynitrophenylhydrazones
that had high coefficient of the molar extinction,
so its optical density registered on the FEC was
directly proportional to the activity of the
enzyme.

The enzyme activity was estimated by the
calibration graph due to the content of pyruvic
acid in mkmol/(L-h) [17]. AST rate was evaluated
by optical density measuring of 2.4 nitrophe-
nylhydrazones of 2-oxoglutaric and pyruvic
acids in alkaline medium. Hydrazone of pyruvic
acid has a higher coefficient of the molar extinc-
tion, so there is a directly proportional rela-
tionship of optical density of the reaction
solution to the enzyme activity. The enzyme
activity was evaluated by the calibration graph
due to the content of pyruvic acid, mkmol/(L-h)
[17]. Estimation of the alkaline phosphatase
rate was based on the property of the enzyme
to hydrolyse the etheric bond in B-glycero-
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phosphate and eliminate the phosphoric acid.
Phosphorus was determined by colorimetric
method due to the reaction with molybdenum
reagentinthe presence of areducing eikonogen
or ascorbic acid. The product of reaction was
molybdenum blue; its colour intensity was
directly proportional to the amount of phos-
phorus in the simple evaluation of the enzyme
activity [18].

The bile formation function of the liver in
the animals was defined by the content of total
bilirubin and bile acids in blood serum. The
content of total bilirubin was determined by
caffeine reagent, which together with diazotized
sulphanilic acid formed azobilirubin of pink-
purple colour. The colour intensity of this solu-
tion was directly proportional to the concen-
tration of total bilirubin in the sample. Evaluation
of total bilirubin in blood serum was performed
by the calibration graph, mmol/L [18]. Deter-
mination of bile acids content was based on the
reaction of colour products formation by
condensation, which interacted with bile acids
and oxymethyl furfural. These solutions were
obtained from fructose. They are the products
of hydrolysis by adding concentrated sulfuric
acid to sucrose. Bile acids content was evaluated
by the calibration graph due to the tauroholic
acid content, g/L [18].

The statistical processing of the results was
performed on a PC by means of programs
"Microsoft Excel" and "STATISTICA 6.0" on the

basis of arithmetic middling and errors accor-
ding to Student's t-test [19]. The changes were
considered to be reliable at p<0.05.

Results

We noted the increased ALT rate (Table 1)
in the blood serum of animal groups of all ages.
It was the highest in rats affected by tubercu-
lostatics and potassium dichromate. On the 14t
day of xenobiotics administration the rate
increased in 2.9 times in immature animals in
comparison with the control group, in 2.5
times - in mature animals and in 3.2 times - in
senior animals. The mature animals, which
were affected by hexavalent chromium com-
pounds, proved to be the least sensitive. Their
affection rate exceeded the normal rangein 2.3
times.

In the immature rats the ALT rate increased
by 120% on the 7" day of the research and by
145% - on the 14% day of the affection by iso-
niazid and rifampicin, in the mature animals
this rate exceeded the level of the intact control
by 30% on the 7t day and by 128% till the end
of the experiment.

The senior animals were more sensitive to
anti-TB drugs. ALT rate in blood serum in-
creased by 181% on the 14t day after the affec-
tion.

The most significant changes were ob-
served in the liver of the senior animals which
underwent the aforementioned xenobiotics

Table 1. Alanine aminotransferase rate in blood serum (mkmol/L-h) and liver (mkmol/kg-h)
of rats affected by isoniazid, rifampicin and hexavalent chromium compounds, (Mtm)

Age group of animals
Research Group of animals immature mature senior
material Research duration, days
7th | 14th 7th 14th 7th 14th
blood intact control, n=6 0.83+0.05 2.96+0.18 2.34+0.15
serum affected by potassium 1.51+ 1.93+ 4.03+ 6.66+ 3.75+ 6.16+
dichromate, n=6 0.10* 0.16* 0.32* 0.17* 0.36* 0.37*
affected by isoniazid 1.83% 2.03+ 3.84+ 6.74+ 4.44+ 6.58+
and rifampicin, n=6 0.11* 0.20* 0.24* 0.26* 0.32* 0.30*
affected by potassium 221+ 2.38+ 4.69+ 7.46% 5.87+ 7.57+
dichromate, isoniazid 0.12* 0.14* 0.19* 0.42* 0.30* 0.26*
and rifampicin, n=6
liver intact control, n=6 5.40+0.12 8.30+0.21 6.08+0.33
affected by potassium 3.96+ 2.97+ 6.55+ 3.96+ 2.97+ 6.55+
dichromate, n=6 0.26* 0.16* 0.23* 0.26* 0.16* 0.23*
affected by isoniazid 3.68+ 2.83% 6.48+ 3.68+ 2.83% 6.48+
and rifampicin, n=6 0.20* 0.11* 0.27* 0.20* 0.11* 0.27*
affected by potassium 3.18+ 242+ 5.78+ 3.18+ 242+ 5.78+
dichromate, isoniazid 0.22* 0.12* 0.31* 0.22* 0.12* 0.31*
and rifampicin, n=6

Note: here and in the following tables * - significant differences between the animals of intact controls and the affected

animals, p<0.05.
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compounds. ALT rate decreased till the end of
the experiment by 58% (p<0.05) in this group,
when in the immature group - by 55%, in the
mature one - by 45% in comparison with ani-
mals of the intact control.

In blood serum of the experimental animals,
affected by K.,Cr,0O,, the AST rate was gradually
increasing and reached the highest rate at the
end of the experiment by 251% in the immature
animals, by 181% - in the mature animals and
267% - in the senior animals if compared to the
control group of animals (Table 2). In the
immature and mature rats AST rate increased
in 3.0 and 2.1 times accordingly in comparison
with the control group.

During the research the decrease in AST
rate in liver of the affected animals of all age
groups was determined (Table 2). In the imma-
ture animals the activity of this enzyme decre-
ased by 17% on the 7" day of the research after
the administration of K,Cr,O,, in the mature
animals - by 33% and in the senior animals - by
39%. It was proved that the accumulation of
heavy metals, which got into the body of
animals from the environment, took place in
hepatocytes [11, 12].

We studied alkaline phosphatase rate in
blood serum and liver of the affected rats
(Table 3). It was established that this enzyme is
a marker of liver disorder and indicates the
inflammation in it.

The administration of potassium dichromate
into the body of the immature animals caused
the increase of alkaline phosphatase rate in

blood serum in 1.3 times on the 7" day of the
experiment, in the mature animals -in 1.5 times
and in the senior animals - in 1.3 times, that
caused toxic affection of liver. These changes
were significant (p<0.05).

We evidenced the highest rate of alkaline
phosphatase in blood serum of the immature
animals after combined effect of potassium
dichromate, isoniazid and rifampicin, which was
100% on the 7" day after affection and 127% -
on the 14" day in comparison with the animals
of the intact control.

In liver of the affected animals the ALP rate
decreased during the experiment in all expe-
rimental groups (Table 3). The lowest rate of
alkaline phosphatase was on the 14" day of the
research in the mature animals after the
combined effect of xenobiotics (772.86+29.62)
nmol/(s-g) thatis in 1.7 times lower than in the
control group (1338.23+54.21 nmol/(s-g).

We evidenced a significant increase (p<0.05)
in total bilirubin content in blood serum of the
animals of all age groups in comparison with
control rats (Table 4). On the 14 day of the
experiment the total bilirubin contentincreased
by 53% in the immature animals, by 40% in the
mature ones and by 28% in the senior rats after
the affection with anti-TB drugs in comparison
with the animals of the intact control.

We evidenced the highest content of total
bilirubin at the end of the research in the
mature animals after combined administration
of K,Cr,O,, isoniazid and rifampicin, which was
206% in comparison with intact animals that is

Table 2. Aspartate aminotransferase rate in blood serum (mkmol/L-h) and liver (mkmol/kg-h) of
rats affected by isoniazid, rifampicin and hexavalent chromium compounds, (Mtm)

Research Age group of animals
material Group of animals immature mature senior
Research duration, days
7th | 14t 7th 14th 7th | 14t
blood intact control, n=6 0.70+0.06 0.64+0.04 1.05+0.20
serum affected by potassium 0.94+ 1.76+ 0.93+ 1.16x 2.04+ 2.80%
dichromate, n=6 0.04* 0.08* 0.05* 0.04* 0.14* 0.09*
affected by isoniazid and 1.05+ 1.84% 1.10% 1.21+ 2.61+ 3.40+ .
rifampicin, n=6 0.05* 0.10* 0.05* 0.06* 0.09* 0.14* k|
affected by potassium 1.21+ 2.07+ 1.19+ 1.34+ 3.22+ 3.85+ %
dichromate, isoniazid and 0.07* 0.14%* 0.06* 0.08* 0.14* 0.18* 3
rifampicin, n=6 5
liver intact control, n=6 1.21+0.11 2.66+0.06 2.48+0.12 wn
affected by potassium 1.01+ 0.91+ 1.79+ 1.44+ 1.52+ 1.25% —
dichromate, n=6 0.05 0.02* 0.06* 0.05* 0.04* 0.04* 5
affected by isoniazid and 1.02+ 0.86+ 1.66% 1.34+ 1.45% 1.18% =
rifampicin, n=6 0.04 0.03* 0.10* 0.07* 0.04* 0.03* a
affected by potassium 0.87+ 0.75+ 1.45+ 1.25+ 1.34+ 1.13¢ >
dichromate, isoniazid and 0.03* 0.04* 0.10* 0.06* 0.04* 0.04* o
rifampicin, n=6 E
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Table 3. Alkaline phosphatase rate in blood serum (nmol/s-L) and liver (nmol/s-g)
of rats affected by isoniazid, rifampicin and hexavalent chromium compounds, (Mtm)
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Age group of animals
Research Group of animals immature mature senior
material Research duration, day:
7th | 14th 7th 14t 7th | 14th
blood intact control, n=6 1924.64+113.32 2405.80+159.13 3007.25+240.58
serum affected by potassium | 2766.67+ | 3518.48+ | 3488.41+ | 3849.28+ | 3939.49+ | 4360.51+
dichromate, n=6 159.13* | 227.04* | 206.60* | 184.40* | 205.29*% | 225.44*
affected by isoniazid | 3247.83+ | 3849.28+ | 4210.15¢ | 4540.94+ | 4330.43+ | 4781.52+
and rifampicin, n=6 192.09* | 206.60* | 159.13* | 142.96* | 208.35* | 137.81*
affected by potassium | 3849.28+ | 4360.51+ | 4691.30+ | 4751.45+ | 4961.96+ | 5352.90+
dichromate, isoniazid | 159.13* | 182.92* | 104.17* | 144.85* | 137.81* | 159.13%
and rifampicin, n=6
liver intact control, n=6 739.78+30.90 1338.23+54.21 1705.11+74.21
affected by potassium | 634.53+ | 610.47+ | 1004.42+ | 878.12+ | 1377.32+ | 1305.14+
dichromate, n=6 20.53* 14.30* 50.54* 33.16* 41.84* 19.02*
affected by isoniazid | 562.35+ | 496.20+ | 941.27+ | 836.01+ | 1341.23+ | 1235.14+
and rifampicin, n=6 19.44* 20.17* 38.82* 35.68* 30.79* 16.64*
affected by potassium | 514.24+ | 457.10+ | 878.12+ | 772.86% | 1205.91+ | 1106.67+
dichromate, isoniazid 21.22* 13.72* 20.66* 29.62* 26.93* 22.18%*
and rifampicin, n=6

Table 4. Total bilirubin content in blood serum (mkmol/L) of rats affected by isoniazid,
rifampicin and hexavalent chromium compounds, (M+m)

Age group of animals
Group of animals immature maturg senior
Research duration, days
7th | 14t 7th 14th 7th | 14th
intact control, n=6 12.19+0.55 12.49+0.47 15.09+0.78
affected by potassium 14.82+ 17.97+ 14.10+ 16.53+ 19.25+ 20.97+
dichromate, n=6 0.98 1.13*% 0.91 1.17* 1.27* 1.61%
affected by isoniazid and 13.38% 18.68+ 16.53+ 17.53+ 18.97+ 19.25+
rifampicin, n=6 0.69 1.50* 1.17* 1.61%* 1.12* 1.27*
affected by potassium 16.97+ 23.53+ 23.10+ 25.67% 23.82+ 28.08+
dichromate, isoniazid and 1.62%* 1.61%* 1.55% 1.28* 1.09* 1.44%
rifampicin, n=6

by 13% and 20% higher than in the immature
and senior animals, respectively.

The results of the research on the bile acids
content in blood serum of the rats of all age
groups are presented in table 5. In animals,
which potassium dichromate was administrated
to, the content of bile acids increased in all age
groups (p<0.05). On the 7" day of the research
this rate increased by 35% in the immature
animals, by 53% - in the mature animals and
by 57% - in the senior animals if compared with
the animals of the intact control. During the
investigation of blood serum of the animals,
which anti-TB drugs were administrated to, we
evidenced a significant increase in bile acids
content in the immature animals in 1.42 and
1.71 times on the 7" and 14% days of the re-
search, respectively.

On the 7" day in the mature and the senior
animals the bile acids contentincreased in 1.54
and 1.76 times; on the 14" day -in 1.50 and 1.80
times, respectively, in comparison with the
animals of the intact control.

Discussion

It is established, that aminotransferases
catalyze the reaction of transamination be-
tween the amino- and a-keto acids, take part
in synthesis and forming of body proteins. The
increasing activity of blood plasma enzymes,
such as ALT and AST, demonstrates the level of
hepatocytes damage and indicates liver disor-
ders. Due to this thesis, we studied aminotrans-
ferase rate in blood serum and liver of the rats
of different age groups affected by xenobiotics.
In the liver of the rats after combined adminis-
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Table 5. Bile acids content in blood serum (g/L) of rats affected by isoniazid,
rifampicin and hexavalent chromium compounds, (Mtm)

Age group of animals
. immature mature senior
Group of animals Research duration, days
7th | 14th 7th 14th 7th | 14th
intact control, n=6 6.95+0.43 9.48+0.58 12.02+0.64
affected by potassium 9.36+ 11.16% 14.50+ 16.37+ 18.33+ 20.90+
dichromate, n=6 0.68* 0.62* 0.50* 0.67* 0.98* 0.95*
affected by isoniazid and 9.90+ 11.89% 14.60+ 16.69+ 18.09+ 21.59+
rifampicin, n=6 0.49* 0.55* 0.81* 0.65* 0.87* 0.84*
affected by potassium 14.26+ 16.61+ 18.23+ 21.37+ 2242+ 24.16+
dichromate, isoniazid and 0.55* 0.43* 0.75* 0.87* 0.81* 0.95*
rifampicin, n=6

tration of toxicants we evidenced decrease in
this enzyme rate, which indicated the cytolysis
of hepatocytes and liver protein synthesis dys-
function in cases of affection by tuberculostat-
ics and hexavalent chromium compounds. It
was determined that the increase in ALT rate
in blood serum was higher thanin liver. It could
be caused by toxic influence of potassium di-
chromate with underlying isoniazid- rifampicin
affection of liver. The damaged liver cannot
synthesize this enzyme because of hepatocytes
damage and their release in blood serum; so
we evidenced increased rate of this enzyme.

The determination of aminotransferase rate
in blood serum is a sound indicator of the level
of pathological process in liver. So we investi-
gated AST rate. AST rate in blood serum in-
creased and was the highest on the 14t day of
the research (in 3.7 times higher than the nor-
mal range) in the senior animals affected by
chrome-isoniazid-rifampicin. The decrease in
AST rate in liver proved the transamination of
aspartate according to breaking of the Citric
acid cycle and negligible release of protein
enzyme from tissue cells into blood. It was
determined that increase in alkaline phos-
phatase rate in blood serum of the rats of all
age groups after the administration of the in-
vestigated toxins into their bodies cause the
release of ALP out of the damaged hepatocytes
as well as the restoration of its synthesis in bile
tubules. We consider that this dynamic activity
of alkaline phosphatase may evidence the de-
velopment of hepatocytes destruction and in-
trahepatic cholestasis caused by liver architec-
tonics damage and possible development of
cirrhosis.

It was established that hepatotoxicity of the
metabolites of isoniazid and rifampicin caused
the lipid peroxidation of hepatocyte biomem-
branes and bile formation dysfunction. Rifam-

picin can also inhibit the glucuronil-transami-
nases and cause bilirubin metabolism disorders
and jaundice [10]. So, we had to examine total
bilirubin contentin blood serum of the animals
affected by isoniazid, rifampicin and hexavalent
chromium compounds. Increase in total biliru-
bin content under the influence of the toxicants
evidenced the damage of cell membranes and
erythrocytes predominantly and decrease in
haemolysis as well as liver excretory dys-
function.

It was established, that in case of drug-
induced hepatitis the intestines and liver suffer
from the affection, which was caused by the
disorders of biosynthesis and hepatoenteral
circulation of bile acids. After the combined
administration of toxins (potassium dichromate,
isoniazid and rifampicin) into the animals’
bodies we evidenced that the highest level of
bile acids content in immature rats was at the
end of the experiment, 239%, in comparison
with the animals of the intact control. The
increase in bile acids content in blood serum of
the affected animals may have the toxic effect
on hepatocyte mitochondria that caused incre-
ase in ions permeability to internal membrane
of mitochondria, ions swelling and release of
cytochrome C into cytosol as well as cells apo-
ptosis. The immature animals were the most
sensitive to bile formation after administration
of tuberculostatics and K,Cr,0., although the
increase in bile acids content was evidenced in
the mature and senior animals.

Conclusions

We determined the increase in aminotrans-
aminases and alkaline phosphatase rate in
blood serum and their decrease in liver. It
proved the toxic effect of hexavalent chromium
compounds and tuberculostatics on the body
of animals of all ages. It caused the disorder of
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hepatocyte plasmatic membranes permeability,
which was evidenced by significant amount of
enzymes in blood and caused liverinflammatory
process in the affected animals. So, cholestasis
developed. It was characterized by accumulation
of bile acids and total bilirubin as well as other
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LEVELS OF NITRIC OXIDE METABOLITES IN RATS
WITH HEPATOPULMONARY SYNDROME

I. Ya. Krynytska
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. System of nitric oxide (NO), which consists of NO, and its metabolites, is very important for
various biological processes. NO is signalling molecules and mediators of intracellular and intercellular interaction
that causes relaxation of smooth muscles of blood vessel walls, inhibits platelet aggregation and their adherence,
is involved in the transmission of nerve impulses, cell proliferation.

Objective. The aim of our research was to study the content of nitric oxide metabolites in blood serum and
bronchoalveolar lavage, to substantiate their role in pathogenesis of hepatopulmonary syndrome in
experiment.

Methods. The experiments were performed on 56 outbread male rats, 180-220 g in weight. The first ex-
perimental model of hepatopulmonary syndrome (HPS) was made by imposition of double ligature on common
bile duct and its further dissection with a scalpel. The second experimental HPS model was made by 8-week in-
tragastric administration of oil solution CCl4 (400 g per 1 L), 0.5 ml per 100 g of body weight on the first day of
the experiment, 0.3 ml per 100 g on the third day of the experiment and then every third day until the end of the
experiment 0.3 ml per 100 g. A mixture of corn flour, lard and cholesterol and alcohol solution was added to the
standard diet of the rats.

Results. The total content of nitric oxide metabolites in blood serum of the rats of the experimental group
No.1 (on the 315 day after the common bile duct ligation) was significantly increased in 3.9 times (p1<0,001) if
compared with the control group Nel. In the rats of the 2" experimental group (with carbon tetrachloride induced
cirrhosis) the total content of nitric oxide metabolites in blood serum also significantly increased in 3.1 times
(p1<0,001). Comparison of nitric oxide metabolites content in blood serum and bronchoalveolar lavage, which

directly indicated about the processes in lung tissue, was great importance.
Conclusions. So, in rats with experimental hepatopulmonary syndrome activation of nitroxydergic process
by significant increase in nitric oxide metabolites in blood serum and bronchoalveolar lavage took place.

KEYWORDS: hepatopulmonary syndrome, nitric oxide metabolites.

Introduction

System of nitric oxide (NO), which consists
of NO, and its metabolites, is very important for
various biological processes [2]. NO is signalling
molecules and mediators of intracellular and
intercellular interaction that causes relaxation
of smooth muscles of blood vessel walls, inhi-
bits platelet aggregation and their adherence,
is involved in the transmission of nerve im-
pulses, cell proliferation. Cytostatic activity is
also presented in NO. Formation of this agent
by immunocompetent cells provides protection
of body from being infected by bacteria and
cancer cells. The researches on participation of
Corresponding author: Inna Krynytska, Department of Clinical
and Laboratory Diagnostics, I. Horbachevsky Ternopil State
Medical University, 1 Maidan Voli, Ternopil, Ukraine, 46001

Tel.: +3800352254577
E-mail: krynytska@tdmu.edu.ua

NO in the process of apoptosis are very inte-
resting [1, 5, 10]. Contemporary studies on
pulmonary disorders are also associated with
impaired nitroxidergic dysfunction [3, 7].

NO is a molecule of high reactivity with an
effective half-life from 2 to 30 sec, which is
formed by the enzymatic oxidation of L-arginine
under the influence of cytochrome P-450-like
hemoproteins - NO-synthase (NOS). There are
3isoforms of this enzyme, endothelial (eNOS),
neuronal (nNOS) or brain and inducible (iNOS)
or macrophagal [4, 6]. As a lipophilic molecule,
NO easily diffuses through cell membranes into
the neighbouring cells (e.g. from endothelial
to myocytes of vessels) where the formed cyclic
guanosine monophosphate decreases the level
of free calcium and activates the kinase of myo-
sin light chain causing dilatation of vessel [4].
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Most cytotoxic effects of NO belong to
ONOOthatisformedinreactionwith superoxide.
Peroxynitrite is much more active, nitrosates
proteins intensively and can be a source of a
highly toxic hydroxyl radical in reaction with
superoxide anion radical. ONOO- irreversibly
inhibits enzymes of respiratory chain nitrosating
them and taking iron away. Inhibition of mito-
chondrial respiration can cause apoptosis [9].

Production of NO by alveoli can influence
the hemodynamic and gas exchange in patients
with liver cirrhosis. Thus, a direct relationship
between alveolar products of NO and hyper-
dynamic type of circulation was established
[12]. Moreover, in experimental liver cirrhosis
in rats, hyper-expression of both inducible and
constitutional isoforms of NO were observed -
synthase in alveolar macrophages and lung
endothelial cells [22].

The average life span of nitric oxide in the
body is a few seconds. Nitric oxide, which did
not participate in chemical reactions, is rapidly
oxidized to inactive compounds: nitrites and
nitrates. These are nitric oxide stable meta-
bolites, which are the method of this compound
synthesis intensity evaluation [18].

So, the aim of our research was to study the
content of nitric oxide metabolites in blood se-
rum and bronchoalveolar lavage, to substantiate
their role in pathogenesis of hepatopulmonary
syndrome in experiment.

Material and Methods

The experiments were performed on 56
outbread male rats, 180-220 g in weight. During
the simulation of the pathology 8 animals died.
Thefirstexperimentalmodel of hepatopulmonary
syndrome (HPS) was made by imposition of
double ligature on common bile duct and its
further dissection with a scalpel. [15] In the
control group of animals Ne 1, common bile duct
was separated from the tissue, but not dissec-
ted. Postoperative wound was sewed up com-
pletelyin layers. In the 315t day after the surgery
the animals were taken out of experiment
under thiopental anaesthesia.

The second experimental HPS model was
made by 8-week intragastric administration of
oil solution CCl4 (400 g per 1L),0.5mlper100g
of bodyweighton the first day of the experiment,
0.3 ml per 100 g on the third day of the expe-
riment and then every third day until the end
of the experiment 0.3 ml per 100 g. A mixture
of corn flour, lard and cholesterol and alcohol
solution was added to the standard diet of the
rats. The control group of animals Ne 2 was on

a standard diet of the vivarium and was admi-
nistered intragastrically the equivalent amount
of olive oil. [21].

Animal care and experiments were perfor-
med in accordance with the European Conven-
tion for the Protection of Animals Used for Ex-
perimental and Other Scientific Purposes [14].

Blood serum and bronchoalveolar lavage
(BAL) were the subjects of the research.

Quantitative assessment of NO metabolites
content was performed by evaluation of their
amount, which included nitrite ions that were
previously presented in the sample (NO,") and
also nitrate ions restored to nitrites (NO,’) [2].
Recovery was performed using zinc dust in
acidic environment. Nitrites with sulphanilic
acid underwent a reaction of diazotization,
obtained diazotization solution of N-1 - nafty-
letylendiamin formed azo dye. Optical density
of the obtained colour solution was evaluated
by spectrophotometry at absorption maximum
and wavelength 536 nm.

According to the evaluation results of cali-
bration solutions optical density (Y), calibration
straight line was built and regressor was esti-
mated: Y=A+BX, Y is optical density of calibra-
tion solutions; X - concentration of calibration
solutions, mmol/l; B - regression coefficient;
A - intercept.

The concentration of NO metabolites in the
studied sample was estimated by the equation:
X1=(Y1-A)/B, Y1 is optical density of the studied
sample.

Statistical analysis of the data received was
conducted by standard methods of variation
statistics using statistical software package.
Results are presented as (Mxm), M is mean
value, m - standard error. Statistical signifi-
cance of the studied rates was determined by
means of paired t-test.

Correlation analysis was performed be-
tween the data studied. Linear correlation coef-
ficient (r) and its significance (b) appropriately
denoted in the tables (correlation matrices)
were evaluated. If index r=0, link was consid-
ered to be lost, range 0-0,3 evidenced about
weak correlation, index interval 0.3-0.7 demon-
strated medium link, and interval 0,7-1,0 proved
a significant correlation interaction. The cor-
relation coefficient was significant at p<0.05.

Results and Discussion

The total content of nitric oxide metabolites
(NOZ'+NO3') are presented in Table 1.

The total content of nitric oxide metabolites
in blood serum of the rats of the experimental
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Table 1. Nitric oxide metabolites content in blood serum and bronchoalveolar lavage
in rats with experimental hepatopulmonary syndrome (Mtm)

Control group Experimental Control group Experimental
Experimental group Ne 1 (n=12) group Ne 1 Ne 2 group Ne 2
: (n=12) (n=12) (n=12)
Blood serum
NO,+NO,", mcmol/L 36,746,0 143,4£14,8 33,44,4 104,249,3
p,<0,001 p,<0,001
p,<0,05
BAL
NO,+NO,", mcmol/L 14,1£3,2 81,747,6 12,0£3,2 54,746,9
p,<0,001 p,<0,001
p,<0,05

Legends:

p,- significant difference if compared to the control animals;

p, - significant difference if compared to the affected animals.

group Ne 1 (on the 31 day after the common
bile duct ligation) was significantly increased in
3.9 times (p,<0,001) if compared with the con-
trol group Ne 1. In the rats of the 2" experimen-
tal group (with carbon tetrachloride induced
cirrhosis) the total content of nitric oxide me-
tabolites in blood serum also significantly in-
creased in 3.1 times (p,<0,001).

Comparison of nitric oxide metabolites
content in blood serum and bronchoalveolar
lavage, which directly indicated about the proc-
esses in lung tissue, was great importance. It
was determined that NO production disorders
took place unidirectionally towards the oxida-
tive stress flare. Thus, the total content of nitric
oxide metabolites in BAL (Table 1) in the rats of
the experimental group Ne 1 also significantly
increased in 5,8 times (p,<0,001), and in the rats
of the experimental group Ne 2 - in 4.5 times
(p,<0,001).

The correlative analysis showed that, in
simulation of hepatopulmonary syndrome by
common bile duct ligation, total content of nitric
oxide metabolites in blood serum had strong
positive correlative link with the content of

NO,+NO,"in BAL (r=0,87) (p<0,01). In carbon
tetrachloride induced cirrhosis (experimental
model Ne 2) the total content of nitric oxide
metabolites in blood serum also had a strong
positive correlative relationship with the con-
tent of NO,+NO,"in BAL (r=0,84) (p<0.01). This
evidenced the unidirectionality of changes in
nitroxydergic processes in blood and lungs in
cases of hepatopulmonary syndrome of the
applied models.

Probably, the synthesis of nitric oxide in
cases of experimental hepatopulmonary syn-
drome increased due to the activation of induc-
ible NO-synthase under the influence of pro-
inflammatory cytokines and endotoxins, which
caused increase in production of NO by liver
Kupffer’s cells and alveolar macrophages. Our
results coincide with the studies of other au-
thors. M. B. Fallon et al. defined and empha-
sized the role of NO in experimental model of
liver cirrhosis, where overexpression of eNOS
by pulmonary vessels caused increase in pro-
duction of endothelin-1 (ET-1) by cholangiocy-
tes, whereby expression of endothelin recep-
tors type B to ET-1 at pulmonary vessels and
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Fig. 2. Comparison of increase in intensity of nitric oxide metabolites contentin blood serum and bronchoalveolar lavage
(NO,+NO," content in both control groups was equated to 100 %).

synthesis of nitric oxide increased [16]. The
level of NO in expired air increased in patients
with HPS, and turned to normal in 3-12 months
after liver transplantation. [19] Degano B. et al.
in a similar study found out that concentration
of NO in expired air in patients with liver cir-
rhosis was 3 times higher than that in the non-
cancer [12] By means of the method of flow
cytofluorimetery that allows to differentiate
alveolar and bronchial origin of NO, the main
alveolar increase in formation of NO was de-
termined [13]. It was revealed that NO produc-
tion by alveoli can influence hemodynamic
disturbances and changes in gas exchange in
patients with liver cirrhosis. Thus, a close rela-
tionship between alveolar production of NO
and hyperdynamic circulation type was defined
[20]. Moreover, in experimental liver cirrhosis
in rats, overexpression of both inducible and
constitutional isoforms of NO-synthase in al-
veolar macrophages and lung endothelial cells
was observed [22]. The further studies of NO
showed that despite all mentioned above, re-
lationship of NO with portal hypertension, hy-
perdynamic circulation type and degree of liver
damage is unclear. [17] In addition, other mo-
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MOLECULAR APOPTOSIS MECHANISMS WITH UNDERLYING
EXPERIMENTAL ACUTE LUNG INJURY
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Background. Current data suggest systemic autoimmune activation in the pathogenesis of bronchopulmonary
diseases. The imbalance in the system of pro- and anti-inflammatory cytokines is very important in
immunopathogenesis.

Objective. The aim of our research was to determine the caspase-3 rate in the dynamics of experimental
acute lung injury and to study the relationship between their level and the number of cells carrying membrane
binding TNF receptor type 1 to define the main mechanisms of cell death.

Results. The analysis of the results of caspase-3 rate in lung homogenate showed that this cysteine proteinase
was uniformly increasing in all experimental groups during simulating of ALI induced by administration of
hydrochloric acid (p<0.001). When comparing the results of caspase course of apoptosis it was defined that,
despite the progressive increase in caspase-3 rate in lung homogenate, cysteine proteinase rate in plasma did
not change.

The receptor mechanism of apoptosis was studied by establishing correlation relationships with the number
of cells carrying membrane binding TNF type 1 (TNF-R1) receptor. A strong positive correlation relationship
between the number of neutrophils with TNF-R1 and caspase-3 rate in lungs of all research groups was
determined.

Conclusions. The implementation of neutrophils death by apoptosis is caused by change of activity of
caspase cascade effector components, such as caspase-3, in cases of ALI induced by intratracheal administration
of hydrochloric acid. One of the potential mechanisms responsible for the activation of caspase course is excessive
generation of active forms of oxygen and increase in the number of neutrophils carrying membrane binding TNF
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receptor type 1.

KEY WORDS: caspase-3, tumour necrosis factor alpha receptor 1, acute lung injury

Introduction

Current data suggest systemic autoimmune
activation in the pathogenesis of broncho-
pulmonary diseases. The imbalance in the
system of pro- and anti-inflammatory cytokines
is very important in immunopathogenesis.
Acute lung injury is manifested by acute
inflammatory response in the lung parenchyma
that is associated with the severity of damage
to the epithelial and endothelial barriers [1].
Thelatestresearches have proved that cytokines,
such as tumour necrosis factor alpha (TNF), are
the signal molecules of the beginning, develop-
ment and progression of inflammatory respon-
se atlocal and systemic levels. TNF antagonists
are soluble forms sTNF-RI and sTNF-RII, which

Corresponding author: Marya Marushchak, Department of
Functional Diagnostics and Clinical Pathophysiology, I. Hor-
bachevsky Ternopil State Medical University, 1 Maidan Voli,
Ternopil, Ukraine, 46001

Tel.: +380979901202
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are formed by separation of active receptor
extracellular part from cell membrane [2, 3].
Currently some rather contradictory evidence
was published on the effect of cytokines on the
programmed cell death. Cytokine rate can be
determined by its dose, type of target cells, their
functional state and lesions [4].

Two courses of apoptosis are: internal or
mitochondrial by Bcl-2 protein family, cyto-
chrome C and caspase-9; and external by cas-
pase-8 activation upon binding of specific Fas
cells receptor - and soluble receptors of tumour
necrosis factor on the cell surface [5]. Caspases,
or cysteine asparagine-protease can be consi-
dered a critical effector molecules of program-
med cell death, in this case caspase-3 is impor-
tant for the implementation of both mitochon-
drial and receptor apoptosis activating [6].

The aim of our research was to determine
the caspase-3 rate in the dynamics of experi-
mental acute lung injury and to study the
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relationship between their level and the number
of cells carrying membrane binding TNF
receptor type 1 to define the main mechanisms
of cell death.

Materials and Methods

The experiments were performed on 54
white nonlinear mature male rats 200-220g in
weight, which were kept on a standard diet at
the vivarium of Ternopil State Medical University.
The animals were kept and experiments were
conducted in accordance with the “European
Convention for the Protection of vertebrate
animals used for experimental and other scien-
tific purposes” [7]. The animals were divided
into 5 groups: the 1%t - control group (n=6), the
2" - animals affected by hydrochloric acid for
2 hours (n=12), the 3 - animals affected by
hydrochloric acid for 6 hours (n=12), the 4" -
animals affected by hydrochloric acid for 12
hours (n=12), the 5" - animals affected by
hydrochloric acid for 24 hours (n=12).

Anaesthesia for the rats was administrated
intraperitoneally with sodium thiopental, 40 mg/
kg of animal weight. The ventral side of the neck
was treated with chlorhexidine and a 0.5 cm
medisection was made to visualize the trachea.
Animals were placed in horizontal position atan
angle of 45°, HCl, pH 1.2, 1.0 ml/kg was injected
by insulin syringe into the trachea at inhale.
Physiologic saline, 1.0 ml/kg was administered
to the animals of the control group.

In 2, 6, 12 and 24 hours euthanasia was
performed for rats by administration of sodium
thiopental, 90 mg/kg of the animal weight,
following the principles of humane treatment
of animals. After their death chest was prosected
and cardiopulmonary complex was separated.
Heparinized whole blood, lung homogenates
and bronchoalveolar lavage (BAL) was used for
the research. The standard technique was
performed to obtain BAL from lungs [8].

To determine caspase rate in lung homo-
genate supernatant and leukocyte-lymphocyte
blood fractions, 0.25 ml of buffer and 50 mcl of
2 mM DEVD-p-NA was added to 0.7 ml of the
test liquid and it was incubated for 2 hours at
37°C; the intensity of light absorbance was
measured at 405 Nm, which is directly propor-
tional to the product of hydrolysis of acetyl-Asp-
Glu-Val-Asp n-nitroanilide caspase - 3-n-nit-
roanilide [9].

The number of BAL neutrophils that keep
membrane binding TNF receptor type 1 (TNF-R1)
was evaluated by the method of flow laser cyto-
metry by means on flow cytometer Epics XL

(Beckman Coulter, USA) using radio-labeled
monoclonal antibodies to TNF-R1 (CD120a)
(Hycult biotech, Netherlands) [10].

Statistical analysis was conducted using the
software STATISTICA 6.0. To compare the dif-
ferences between groups we used t-test in
cases of a parametric distribution of alternatives,
for calculating other data - one-way ANOVA
(Fisher LCD post-hoc test), nonparametric ana-
lysis (Mann-Whitney test). The values are pre-
sented as MeanxSD, where Mean denotes the
mean rate, SD - standard mean error. P<0.05
was considered statistically significant.

Correlation analysis was performed between
all the studied rates. Coefficient of linear cor-
relation (r) and its fidelity (p) was calculated
that was accordingly denoted in the tables
(correlation matrices). The correlation coef-
ficient was significant at p<0.05.

Results

Caspase-3, which cleaves proteins important
for maintaining of cellular homeostasis, is
considered to be the main effector molecule of
the ‘executive’ stage in many models of apo-
ptosis. So it was reasonable to determine its
rate during apoptosis induced by hydrochloric
acid when simulating ALL Our research on
caspase-3 rate showed that the content of this
proteinase in blood of the experimental animals
suffering from ALI did not change if compared
with the data of the control and experimental
groups (p>0.05) (Table 1).

The analysis of the results of caspase-3 rate
in lung homogenate showed that this cysteine
proteinase was uniformly increasing in all
experimental groups during simulating of ALI
induced by administration of hydrochloric acid
(p<0.001). So, in 2 hours after the beginning of
the experiment the caspase-3 rate increased
by 49.33% in comparison with the control, in 6
hours - by 26.94% if compared to the second
experimental group, in 12 hours - by 23.67% if
compared to the third experimental group and
in 24 hours - by 28.66% if compared to the
previous group (Table 1).

When comparing the results of caspase
course of apoptosis it was defined that, despite
the progressive increase in caspase-3 rate in
lung homogenate, cysteine proteinase rate in
plasma did not change. This evidenced the
differenceintheimplementation of programmed
cell death, which could be caused by: 1. the
varying levels pro-apoptotic signals in blood
and lungs; 2. different amount of cells bearing
apoptogenic receptors.
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Table 1. Rates of caspase-3 in blood plasma and lung homogenate of rats with underlying
experimental acute lung injury (Mtm)

Control Experimental groups
Rate group 2 3 4 5
n=6 n=6 n=6 n=6 n=6
caspase-3, pmol/mg 19,43+0,88 18,50+1,45 16,65+1,64 15,98+1,41 16,23+1,36
of protein (blood)

p p,>0,05 p,,>0,05 p,,>0,05 p,,>0,05

caspase-3, pmol/mg 23,96+4,40 35,78+2,54 45,42+2,72 56,17+3,42 72,27+4,71
of protein (BAL)
p p,<0,001 p,,<0,001 p,,<0,001 p,,<0,001

Legends: p, - significant difference if compared to the control animals; p, - significant difference if compared to the

affected animals.

It was established that all populations of
white blood cells, which are involved in the
inflammatory process of AL such as neutrophils,
secrete cytokines, and vascular endothelium is
their main target [11]. The recent researches
have proved that cytokines, such as tumour
necrosis factor alpha (TNF), are signal molecules
of the beginning, development and progression
of inflammatory response at local and systemic
levels. The bioactivity of TNF depends on the

content of cytokine corresponding receptors on
the surface of target cells and the number of
circulating antagonists [12]. So, the receptor
mechanism of apoptosis was studied by estab-
lishing correlation relationships with the number
of cells carrying membrane binding TNF type 1
(TNF-R1) receptor. A strong positive correlation
relationship between the number of neutrophils
with TNF-R1 and caspase-3 rate in lungs of all
research groups (Table. 2) was determined.

Table 2. Possible relationships between caspase-3 rate and the number of cells carrying

membrane binding TNF type 1 receptor in cases of acute lung injury

BIOMEDICAL SCIENCES

. . Correlation
Experimental Correlation . .
Rate groups coefficient, rxy relationship
' probability, p
TNF-R1 rate Caspase-3 rate in lung 2 0,88 <0,01
in ronchoalveolar homogenate, 3 0,90 <0,001
lavage, % pmol/mg of protein 4 0,95 <0,001
5 0,81 <0,01
Discussion which stimulated caspase-3, secondary activator

A significant increase in caspase-3 rate
could be caused by involvement of mitochondrial
course of apoptosis, which was associated with
the pro-apoptotic signals from inside the cells,
such as active forms of oxygen. Previously we
proved that intensification of free radical
peroxidation processes happened in cases of
ALL and active forms of oxygen were the main
cause of that [13]. The generation of oxygen
radicals stimulated apoptosis by decrease in
mitochondrial membrane potential that verified
the mitochondria cell membrane poration and
depolarization [14].

Caspase-8, which is activated by the inter-
action of tumour necrosis factor-a and mem-
brane binding receptor of this interleukin,
contribute to pores formation. As a result, mito-
chondrial matrix swelling developed; internal
mitochondrial membrane ruptured; and
cytochrome ¢, AIF (apoptosis inducing factor),

of caspases of mitochondrial origin and other
pro-apoptotic proteins released from the
intermembranous space into cytosol [15, 16]
(Figure 1).

Caspase-3rateis regulated by both external
andinternal TNFreceptor mediated mechanisms
of apoptosis. Currently, it is established that
most of the cytotoxic effects of TNF are me-
diated by TNF-R1 due to its interaction with
TRADD (death domains caused by TNF-R1) [17].
Our research also proved it. We evidenced a
significant increase in caspase-3 rate with in-
crease in percentage of neutrophils carrying
TNF-R1 in cases of ALl induced by intratracheal
administration of hydrochloric acid.

Conclusions

The implementation of neutrophils death
by apoptosis is caused by change of activity of
caspase cascade effector components, such as
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Acute lung injury
induced by administration of hydrochloric acid

I

Neutrophils activation, move to
lesion

Generation of active forms of
oxygen

Decrease in mitochondrial
membrane potential

I

AIF, Apaf-1 release into cytoplasm

Caspase-3 activation

Apoptotic cell death

Figure 1. Pathogenic justification of mitochondrial course of apoptosis in cases of acute lung injury.

caspase-3, in cases of ALI induced by intra-
tracheal administration of hydrochloric acid.
One of the potential mechanisms responsible
for the activation of caspase course is excessive
generation of active forms of oxygen and
increase in the number of neutrophils carrying
membrane binding TNF receptor type 1.

References

1. Mitchell RS, Martin TR. Lung Cytokines and
ARDS. Chest 1999; 116: 2-8.

2.Schneider-Brachert W, Tchikov V, Neumeyer |
et al. Compartmentalization of TNF receptor 1 sig-
naling; internalized TNF receptosomes as death
vesicles. J. Immunity 2004; 21 (3): 415-428.

3. MacEwan DJ. TNF ligand and receptors — a
matter of life and death. British Jour. of Pharm 2002;
135: 855-875.

4. Roth Z'graggen B, Tornic J, Muller-Edenborn
B et al. Acute lung injury: apoptosis in effector and
target cells of the upper and lower airway com-
partment. Clinical and Experimental Immunology
2010; 161: 324-331.

5. Kaminski M, Kiebling M, Suss D et al. Novel
Role for Mitochondria: Protein Kinase CB-Dependent
Oxidative Signaling Organelles in Activation-Induced
T-Cell Death. Mol Cell Biol 2007; 27 (10): 3625-3639.

6. Fnymyep ®C, bepesHsakos U, Pewegbko K.
1 YKpanHCKMiA KOHrpecc no BONpocam aHTMMUKPO6-

Future Prospects of the Research

In the further research, for pathogenetic
study of programmed cell death course we plan
to conduct a comparative analysis of the corre-
lation relationships between the early apoptosis
level and mitochondrial transmembrane po-
tential rates, active forms of oxygen and caspase
rate in blood and bronchoalveolar lavage inrats
to detect additional pathogenetic mechanisms
of acute lung injury development.

HOW Tepanumn: CobbITVE 419 OTeUYeCTBEHHOrO 34paBo-
oXpaHeHusi. 340poB's YkpaiHum 2007; 2 (1): 16-18.

7. European convention for the protection of
vertebrate animals used for experimental and other
scientific purposes. Council of Europe. Strasbourg
1986; 123: 52.

8. l'yanma AA, Mapyuwak ML, Tabop IT, Kyniub-
ka ML MNaToreHeTUYHa posib HENTPODINbHUNX FPaHy-
NOUMTIB Y PO3BUTKY FOCTPOrO YpPaXKeHHs sereHb.
BYKOBVHCbKNI MeAnYHnI BicHMK 2011; 3: 82-86.

9. Bonomini M, Dottori S, Amoroso L et al.
Increased platelet phosphatidylserine exposure and
caspase activation in chronic uremia. ] Thromb
Haemost 2004; 2(8): 1275-1281.

10. Yacosckmx HHKO. Ponb npotenHknHas JNK n
p38 B perynsaumm anonTo3a MOHOHYK/1eapHbIX Neli-
KOLIMTOB KPOBW NP OKWUCIUTENBHOM cTpecce. bron-
NneTeHb cMbupcko MeanumHbel 2008; 3: 38-43.

11. NaceyHunk AB, ®ponos BA. AnonTo3 HENTPO-
dnnoB Kak NnapameTp BOCMANUTENbHOM peakLumn

BIOMEDICAL SCIENCES

ISSN 2413-6077. JMMR 2016 Vol. 2 Issue 1

M. I. Marushchak et al.

>

7



BIOMEDICAL SCIENCES

npw natonorun. BectHrk PYAH. Cepua MeanuvHa
2004; 25 (1): 103.

12. Mann DL. Recent insights into the role of
tumor necrosis factor in the failing heart. Heart Fail
Rev 2001; 6(2): 71-80.

13. Tpuwyk 1A, Mapywak ML inHamika nepe-
KNCHOTO OKWCHEHHS NinigiB Ta aHTUOKCUMAAHTHOIO
3aXUCTY B LLYPIB 3@ YMOB rOCTPOro ypaXkeHHs ne-
reHb. Tybepkynb03, nereHeBi xBopobu, BU/I-iHpekLis
2011; 2 (05): 16-20.

14. MnwyHina TM, TpoHbko M/I. OcHOBHI Morne-
KYNSPHI MeXaHi3MK arnonTo3y Ta IX NopyLUeHHs nNpu
KaHLeporeHesi wuTonogi6Hoi 3ano3m (ornag nite-
patypu). XXypH AMH Ykpaitu 2006; 12 (4): 611-633.

15. PavixnuH HT, PaixnuH AH. Perynauuns n npo-
siB/IeHe anonTo3a B pU3NONOTNYECKNX YCI0BUSAX U
B onyxonsix. Bonp oHkon 2002; 48 (2): 159-171.

16. MuwyHiHa TM, KaniHiveHko OB, TpOHb-
Ko MJ, 3ypHagxun JTHO. XapakTepucTmka 3miH npo-
HUKHOCTi MEMBPaH MITOXOHAPIV 3 TKAHUHW Naninsap-
HUMX KapUWHOM LLMTOMNOAIBHOT 331031 Ta 3 il TKaHU-
HW 3a iHBa3iT NyXANHHUX KNITUH. XXypH AMH YKpaiHu
2010; 16 (1): 5-22.

17. Chopra M, Reuben ]S, Sharma AC. Acute Lung
Injury:Apoptosis and Signaling Mechanisms.
Experimental Biology and Medicine 2009; 234:
361-371.

Received: 2016-02-02

oo

M. 1. Marushchak et al.

ISSN 2413-6077. JMMR 2016 Vol. 2 Issue 1



International Journal of Medicine and Medical Research
2016, Volume 2, Issue 1, p. 49-53
copyright © 2016, TSMU, All Rights Reserved

DOI 10.11603/ijmmr.2413-6077.2016.1.6383

INFLUENCE OF TRIMETAZIDINE METABOLIC THERAPY ON CONNECTIVE
TISSUE METABOLISM IN EXPERIMENTAL DIFFUSE ISCHEMIC NECROTIC
CARDIOSCLEROSIS IN RATS WITH DIFFERENT RATES OF HYPOXIA
RESISTANCE

H. S. Saturska, Yu. I. Bondarenko, U. V. Saturska
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The change in metabolism of the connective tissue elements of heart is the central chain in
pathogenesis of diffuse ischemic necrotic cardiosclerosis (DINC), which occurs after repeated epinephrine injury
of myocardial tissues.

Objective. This study proves that trimetazidine (TM) metabolic therapy has a protective effect on the
development of DINC in rats with different rates of hypoxia resistance.

Methods. Male white rats were divided into three groups due to the different rates of hypoxia resistance by
means of the method of hypobaric hypoxia: rats with low, middle and high rates of hypoxia resistance. Each
group was divided into equal subgroups: a control group, a DINC group (injections of epinephrine hydrotartrate
(0,5 mg/kg of body weight) and calcium gluconate (5 mg/kg of body weight) two times), a control group admin-
istrated with trimetazidine dihydrochloride (10 mg/kg of body weight), a DINC group treated with TM every day
(10 mg/kg of body weight) for all period of observation. Concentration of protein-bound oxyproline in blood
serum was evaluated on the 7%, 14" and 30" days after the pathology simulation. Histological examination of
Masson trichrome staining of myocardium was performed on the 307 days after the pathology simulation.

Results. DINC increased the concentration of protein-bound oxyproline in blood serum on the 7, 14 and
30" days after the pathology simulation, and followed by metabolic imbalances in diffuse connective tissue ele-
ments, which are rich in collagens. DINC+TM increased the concentration of protein-bound oxyproline in blood
serum less intensively.

Conclusions. The intensity of metabolic imbalances in diffuse connective tissue elements is the highest in
the low resistant animals to hypoxia. Those results are confirmed by histological examination of the myocardium
of rats with different resistance to hypoxia. Fibrotic regions in myocardium are rich in collagens. It has been
revealed that the most pronounced therapeutic effect of TM is observed in animals with low resistance to hypoxia,
slight - in animals with medium resistance to hypoxia, and the lowest - in animals with high resistance to

hypoxia.

KEY WORDS: hypoxia, heart, diffuse cardiosclerosis, trimetazidine, oxyproline.

Introduction

The pathology of the cardiovascular system
is the major medical and social problem,
because it takes the main cause of morbidity
and mortality [1-2]. The special attention is paid
to the research on diagnostic markers of degra-
dation and reparation of myocardial tissue
[3-5], which would reflect the dynamic changes
in myocardium and were predictors of diffuse
cardiosclerosis [2-3]. The purpose of this inves-
tigation was to determine the changes in the
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Medical Statistics, I. Horbachevsky Ternopil State Medical
University, 1 Maidan Voli, Ternopil, Ukraine, 46001
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E-mail: saturska@tdmu.edu.ua

content of protein-bound oxyproline in blood
as a diagnostic marker of metabolic activity of
collagen at the experimental diffuse ischemic
necrotic cardiosclerosis in rats with different
rate of hypoxia resistance.

Recently, we demonstrated that the use of
trimetazidineasanendogenous cardioprotection
inducer in the development of diffuse ischemic
necrotic cardiosclerosis is manifested by de-
crease in manifestations of oxidative and
nitrooxidative stress, optimization of immune
and cytokine response, stabilization of humoral
immune responsiveness [6]. The research was
carried out to study the effects of TM on the
improvement of connective tissue elements
metabolism, indicating inhibition of cardio-
sclerotic process.
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Materials and Methods

Animals and treatment

Experiments were done on 192 male white
rats (190-250 g) of the vivarium of Ternopil State
Medical University, Ukraine. All animals re-
ceived care in compliance with the “Guide for
Care and Use of Laboratory Animals” (National
Institute of Health Publication Ne 85-23, revised
1985). The studies were carried out according
to the National Institute of Health Guide for
Care and Use of Laboratory Animals and were
approved by the local animal protection com-
mittee.

The experimental animals were divided into
three groups according to different rates of
hypoxia resistance by means of the method of
hypobaric hypoxia [6] [Berezovskyi, 1975; Mar-
kova, 1998]: rats with low, middle and high rates
of hypoxia resistance. Each group was divided
into equal subgroups: a control group, a diffuse
ischemic necrotic cardiosclerosis group (injec-
tions of epinephrine hydrotartrate (0,5 mg/kg
body weight) and calcium gluconate (5 mg/kg
of body weight) two times), a control group
administered with trimetazidine dihydrochlo-
ride (10 mg/kg of body weight) every day [6],
diffuse ischemic necrotic cardiosclerosis group
treated with trimetazidine dihydrochloride (10
mg/kg of body weight) every day for all period
of observation (n=8 of each group).

Evaluation of protein-bound oxyproline in
blood serum

Concentration of protein-bound oxyproline
in blood serum was determined biochemically
[7] on the 7™, 14" and 30™" days after the pathol-
ogy simulating.

Histopathology study

The tissue from myocardium ventricles was
taken on the 30" day after pathology simula-
tion, then putin 10 % neutral-buffered formalin

solution for 5 days, embedded in paraffin, and
sectioned. Histological examination of Masson
trichrome staining of myocardium was per-
formed [8].

Statistical analysis

Statistical analysis was carried out by Orig-
inPro Program. The results were presented as
meanztstandard deviation. Differences between
experimental groups were analyzed with an
unpaired two-tailed Student t-test [9]. Values
were considered to be statistically significant
at p<0.05.

Results

Before the DINC simulation the protein-
bound oxyproline concentration in blood serum
of rats with low hypoxia resistance was 17.8%
(p<0.05) higher than in blood serum of rats with
middle hypoxia resistance (Table 1), oxyproline
concentration in blood serum of high hypoxia
resistant animals was 21.9% lower (p<0.05) than
in blood serum of rats with middle hypoxia
resistance. After the DINC simulation protein-
bound oxyproline concentration in blood serum
of rats gradually increased at all groups.

Under the influence of trimetazidine meta-
bolic therapy the changes in protein-bound
oxyproline concentrations in blood serum of
the animals with low hypoxia resistance were
less pronounced (Table 2). Concentration of this
metabolite collagen in 7 days after pathology
simulation with TM was by 11.0% (p<0.05)
(Figure 1) lower than in the group of untreated
animals at this stage of observation. On the 14t
day after DINC simulation with TM, protein-
bound oxyproline concentration in blood serum
of the rats with low hypoxia resistance was by
25.3% lower (p<0.001) than in the untreated
animals, and on the 30" day of observation it
was by 33.9% (p<0.001) lower than in the

Table 1. Protein-bound oxyproline concentration in blood serum in cases of experimental diffuse
ischemic necrotic cardiosclerosis (DINC) with innate hypoxia resistance in rats

Hypoxia resistance Control group Stages of DINC observation
ypoxi i u
: . _ 7 days 14 days 30 days
rate in animals (n=8) (n=8) (n=8) (n=8)
Low 49,55+0,59 57,45+1,78 79,15+2,66 104,84+3,42
p<0,05 p<0,01 p<0,01 p<0,01
p*<0,01 p*<0,01 p*<0,01
Middle 42,07+1,10 47,92+0,62 58,24+1,00 73,38+3,30
p*<0,01 p*<0,01 p*<0,01
High 34,52+0,92 38,53+0,55 42,65+1,19 56,43+2,84
p<0,05 p<0,01 p<0,01 p<0,01
p*<0,05 p*<0,01 p*<0,01

Notes: p<0.05 - significantly different from middle hypoxia resistant animals at all stages of observation; *p<0.05 -
significantly different from the control group at all stages of observation.
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Table 2. Influence of trimetazidine on protein-bound oxyproline concentration in blood serum in
cases of experimental diffuse ischemic necrotic cardiosclerosis (DINC) with innate hypoxia
resistance in rats

. . Stages of DINC+TM observation
Hypoxia resistance | Control TM group
rate in animals (n=8) 7 days 14 days 30 days
(n=8) (n=8) (n=8)
Low 45,58+1,51 51,1541,36 59,09+1,85 69,32+1,86
p*<0,05 p*<0,001 p*<0,001
p<0,001 p<0,001 p<0,001
Middle 40,58+1,83 43,97+1,34 40,58+1,83 52,7243,15
p*<0,05 p"<0,05
High 34,90+0,96 36,33+0,91 37,72+1,52 34,90+0,96
p<0,05 p<0,001 p<0,001 p*<0,05
p<0,01

Notes: p<0.05 - significantly different from the middle hypoxia resistant of animals at all stages of observation;
*p<0.05 - significantly different from the control group at all stages of observation.

untreated animals with low hypoxia resistance
at the similar stage of cardiosclerotic process
development without any correction.

In blood serum of the rats with middle
hypoxia resistance, protein-bound oxyproline
concentration on the 7t day after DINC simu-
lation and trimetazidine correction was by 8.3%
(p<0.05) (Fig. 1) lower than in the group of un-
treated animals at this stage of observation. At
the next stage of observation, on the 14" day
of DINC simulation, protein-bound oxyproline
concentration in blood serum of these animals
was by 18.6% lower (p<0.001) than in the
untreated ones, and on the 30" day of DINC
observation - by 28.2% (p<0.001) lower than in
the untreated rats.

There was no significantly difference bet-
ween the treated and untreated animals with
high hypoxia resistance on the 7" day of DINC
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observation. On the 14" day after the pathology
simulation, protein-bound oxyproline concen-
tration was lower by 11.6% (p<0.05) than in the
group of untreated animals at this stage of
observation; and on the 30" day of DINC
observation and correction with metabolic the-
rapy, concentration of protein-bound oxyproline
in blood serum was 28.4% (p<0.001) lower than
in the untreated animals with high hypoxia
resistance without any correction.

Histological examination of the myocardium
on the 30" day of DINC observation showed
that at heart micropreparations of the healthy
animals with different rates of hypoxia resis-
tance, connective tissue was observed slightly
in the form of thin collagen fibers (Figure 2),
but in heart micropreparations of the animals
with DINC (Figure 3) focal cardiosclerosis,
perivascular sclerosis hyperelasticity of vessels

brhand

A Y

74

Control

B LRH

DINC 7 days

B LRH+TM MRH

DINC 14 days
MRH+TM

DINC 30 days

EHRH EIHRH+TM

Fig. 1. Influence of trimetazidine on protein-bound oxyproline concentration in blood serum in cases of experimental
diffuse ischemic necrotic cardiosclerosis (DINC) with innate hypoxia resistance in rats.

Notes: the indices of the control groups were presented in 100%; * - significantly different from the control group at all
stages of observation, p<0.05; # - significantly different from the untreated rats at all stages of observation, p<0.05.
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Fig. 2. Myocardium of the control rat. Masson trichrome
staining of myocardium. x 400.

Fig. 3. Myocardium of the low hypoxia resistant rat with
DINC. Fibrotic regions in myocardium are rich in collagens
and therefore appear in blue upon Masson trichrome
staining. In addition, centralized nuclei as well as shape
and size distribution of myofibers were detected that was
the evidence of pronounced cardiomyocytes hypertrophy.
30-day DINC. Masson trichrome staining of myocardium.
x400.

inner membrane, cardiomyocyte hypertrophy,
diffuse proliferation of connective tissue were
presented. Fibrotic regions in myocardium are
rich in collagens and therefore appear in blue
upon Masson trichrome staining. In addition,
centralized nuclei as well as shape and size
distribution of myofibers were detected that
was the evidence of pronounced cardiomyocytes
hypertrophy.

All the above-mentioned symptoms are the
highest in the low hypoxia resistant animals,
indicating the intense development of diffuse
cardiosclerosis in animals with low hypoxia
resistance and confirm the results obtained
during evaluation of the concentration of
protein-bound oxyproline serum of rats with
different rates of hypoxia resistance.

Discussion

Evaluation of protein-bound oxyproline
concentrations in blood serum in DINC simu-
lation with and without trimetazidine correction
proved thatincreased collagen production and
products of its metabolism [4-5] can be used as
a biological marker of the intensity of collagen
synthesis in tissue infarction. So we can make
the following conclusion: the intensity of
metabolicimbalance of connective elementsin
cases of diffuse ischemic necrotic cardiosclerosis
and trimetazidine correction depends on hy-
poxia resistance of animals. In the low hypoxia
resistance animals, maximum effect of trime-
tazidine correction was manifested; however,
more pronounced changes in oxyproline
concentration were in DINC simulation without
any correction. This effect was not enough for
denoting differences between animals with
different rates of hypoxia resistance. This
matter is characteristic feature of animals with
middle hypoxia resistance, but the changes
were less pronounced. Animals with high
hypoxia resistance were characterized by lower
oxyproline concentration, which changed after
DINC simulation, so the effect was manifested
less, but in general, they are characterized by
minimal metabolic disorders of connective
tissue elements in the development of DINC
and correction with trimetazidine [10-16]. The
activity of connective tissue metabolism was
studied in experimental diffuse ischemic necro-
tic cardiosclerosis with different rates hypoxia
resistance of a body. The investigations were
based on the changes in concentration of pro-
tein-bound oxyproline in blood serum that
proved adequate metabolic changesin collagen
[4-5].

Conclusions

The development of the experimental
diffuse ischemic necrotic cardiosclerosis at all
stages of observation was accompanied by
metabolic imbalance in connective tissue of
heart, and was proved by the increase in
oxyproline level in blood serum of animals with
different rates of hypoxia resistance. The inten-
sity of metabolic imbalances in diffuse connec-
tive tissue elements was the highest in low
hypoxia resistant animals. Those results were
confirmed by histological examination of myo-
cardium of rats with different rates of hypoxia
resistance. Fibrotic regions in myocardium are
rich in collagens. It has been revealed that the
most pronounced therapeutic effect of TM is
observed in animals with low hypoxia resistance,
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slightly less - in animals with medium hypoxia
resistance, and the lowest - in animals with high
hypoxia resistance. This matter was evidenced
at all stages of observation, but it was the most
pronounced inthe early period of cardiosclerotic
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INATOTEHETUYHI MEXAHI3MH JIETEHEBUX YPA’KEHD

. M. I. Mapywak, I. . KpuHuupka, T'. I'. Ta6op, O. 3. Apemuyk
TEPHOINL/IbCbKUN AEPKABHUN MEAVNYHWN YHIBEPCUTET IMEHI I. . TOPBAYEBCHKOIO

BcTtyn. Ha cyyacHomy emani po38umky Meduko-6i0102i4HOI HayKu y8az2a 6inbuwocmi docaioHuUKie npukyma
00 K/IKY0BUX MEXAHI3Mi8 6a2amb0oX 30X80PHBAHb MOOUHU, AKI MICHO NO8'A3AGHI 3 NOPYUEeHHAM KAIMUHHOI
cmepmi. OOHIEH 3 NPOBIOHUX NPUYUH OuCpe2yAayii maHamo2eHHoi Npo2pamu KAimuH € akmueayis 6iono2id4Hux
epekmie pakmopa Hekpo3y nyxauH aneQa.

MeTa. Y3a02016HUMU iCHYtOYi HaYKO8i OaHI Uj000 BHECKY Memab0o1imie KUCHH | MOHOOKCUOY Himpoz2eHy 8
MEXAHI3MU /162eHE8020 YPUNCEHHS.

MeToawn. AHai3 iimepamypHUX OaHUX U000 MeXaHI3My /1e2eHe8020 YPaHCEeHHS.

Pe3ynbTaTu i BUCHOBKMW. Y 38’A3KY 3 8UWECKA3AHUM, OKMYA/AbHOK € NPp0baeMa PO3yMiHHA CU2HAAI8 Ma
MeXaHi3mie, 8ion0.i0anbHUX 30 pe2yno8aHHS NPOYECi8 8i1bHOPAOUKANLHO20 OKUCHEHHS | cucmeMu aHMUOK-
CUOOHMHO20 3aXUCMY, pO/b NPO- MA NPOMU3ANAALHUX MOAEKY/, 8NAUS AKMUBHUX Memaboaimis Ha npoyecu
penapayii i 8UXUBAHHA KAIMUH pecnipamopHO020 MpaKkmy npu 20CMpPUX YPaXeHHAX e2eHb. PO3yMIHHA cymi
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0aHuUx npoyecie 00380/1UMb No2AUGUMU ICHYIOYi T ompuMamu HO8i 3HAHHSA npu sezeHesili namosnoaii.

K/TKOYOBI C/TOBA: nereHeBe ypa)keHHs, naToreHes.

BcTtyn

Ha cyuacHomMy eTani po3BuTKy MeAuKo-
6ionorivyHoi Hayku yBara 6inbLUOCTi 4OCTIAHVIKIB
NpUKyTa A0 KJHOYOBUX MeXaHi3MiB 6araTtbox
3aXBOPHOBaHb JIOAVHW, SKi TICHO MOB'A3aHi 3
NopYLUEeHHAM KNITUHHOT cMepTi. OAHiEro 3 Npo-
BiAHVX MNPNYNH Jucperynauii TaHaToreHHol!
nporpamMu KNiTUH € akTMBaLis 6i0fOriYHNX
edekTiB dakTopa HeKpo3y NyxauH anboda
(®HMN-a) [1].

MeToto AaHol poboTu 6yno ysarajbHUTA
iCHYtOYi HAyKOBI JaHi LLOAO BHECKY MeTaboniTis
KUCHIO i MOHOOKCUAY HITPOTreHy B MeXaHi3mu
JIereHeBoro ypaxeHHs.

MNpoBejeHWiA aHani3 HayKoBUX JxKepen no-
Ka3as, LWo ®PHI-a, abo KaxeKTuH, - nieroTpon-
HUIA Npo3anasbHNN LUTOKIH 3 MONEKYNAPHOO
mMacoto 17 400 k[a, nepeBaXkHO Makpodaranb-
HOro MOXOZXXEHHSA, KNI Yy cMpoBaTLi KPOBI
Nofen NpakTUYHO He BU3HaYaeTbed. ®HIM-a
MOXKe ZiATU AK He3anexHo, Tak i pasom i3 wun-
POKMM CNEeKTPOM iHLWNX paKTopiB, NOpyLLYyBa-
™M GeHOTUN i MeTaboniaM KNITUH Yy KOXHOT
TKaHWHW opraHi3amMy. Ha gaHuin yac ®HM-a Bu-
3HalOTb LIeHTPaIbHUM Me/iaToOpOM cepe/ LWin-
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pokoro criekTpa $i3ioNoriyHmx Ta iMyHoNoriYy-
HUX QYHKLIiN. Lia Monekyna nposBASE Pi3Hi
6ionorivni epexTn, B TOMY YUCAi IHAYKYE Ln-
TOTOKCUYHI epeKTn Ha eHAoTenianbHi KNiTUHWN,
NiACUNIOE A0 HNX aAresito HeNTPOodiniB LLAAXOM
niABULLEHHSA BUPObeHHs XeMOKIHIB Ta ajre-
3MIBHUX MONeKYN, 36iNbLUYyE CYANHHY MPOHNK-
HICTb Yepe3 akTMBaLito HenTpodiniB, a TaKoX
CTUMY/HOE NPOAYKYBaHHS iHLIMX Mpo3anaib-
HWX LUMTOKIHIB (iHTepnelikiHiB 1, 6, 8) [2, 3].
PecnipaTopHWA BigAin nereHb € BaXXIMBUM
KOMMOHEHTOM CUCTEMHOIO FOMeOoCTasy, KU
npw 6araTbox NaTosIoriYHNX CTaHax, He3BaxXaro-
UK Ha pAA AeCTPYKTUBHUX | AUCTPOPIYHNX 3MiH
Y CBOEMY CK/agi, MPOSABASAE LUMPOKI KOMMNeHca-
TOPHi BNacTMBOCTI. [1poBiAHE 3HaYeHHA B PO3-
BUTKY YCKIaAHEHb i neTanbHUX HacniakiB Ha-
NEXUTL TSXKKUM MPOrpecyroumnmM pecnipaTtopHUM
NOPYLUEHHAM, O € OAHVM i3 KOMMNOHEHTIB
CYHAPOMY NMoJiopraHHoi HegocTaTHOCTI [4].
OCHOBHi YMHHWKW NlereHeBoro ypaxkeHHs
NOAINAKTL Ha NPAMI Ta HenpsaMi. [lo iereHeBux
dakTopiB HanexaTb Ti, ki 6be3nocepeHLO ypa-
KatoTb lereHeBUiA eniTenii (Bipycw, 6akTepii,
rprbun, TOKCUYHWIA ras, acnipais LWayHKOBOro
BMicTy) [5]. Mo3anereHeBi YNHHVKN € 6inbL
NOLUMPEHVMN | 3yCTpivatoTbCA Mpu 6aratbox
3aXBOpPOBaHHSX (LMpPO3 NeyiHkn, TpaBma, cen-
CUC, NaHKPEeaTUT) BHACNIZAOK LIMPKYASILT B KPOBI
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CUCTEMHMX 3ananbHUX GakTopis, AKi MaloTb
MOLLKOAXKYBAaJIbHY Ait0 Ha NiereHi. Tak, 1oKab-
Ha Zia XiMiYHO aKTMBHOIO TPaBMYyBaJIbHOIO
YMHHVIKa Ha NereHeBy MapeHxiMy 3yMOBJIIOE
BNOYXOBUIA BUKNZA 6I0N0MYHO aKTUBHUX peyo-
BVH, 30Kkpema PHIM-a Ta iHWMX LUNTOKIHIB. 3a
YMOB MOPTasibHOI rinepTeHs3ii NopyLUyeTLCA
6ap’epHa PyHKLIA NeYiHKN, L0 3yMOB/OE Ha-
KOMMYeHHS BKPOBi eHA0TOKCVHIB. EHAOTOKCEMIA
CTUMYNIOE NPOAYKYBaHHS Makpodaramum ne-
YiHKW i nereHb Ba30akTUBHUX cybCTaHLil (ok-
CUAy a30Ty, eHAoTeNiHy-1) Ta UMTOKiIHY Makpo-
daranbHoro noxogkeHHs - ®HM-a [6-8]. OTxe,
B OCHOBI pecnipaTopHOro rMopyLUeHHs NeXnTb
6e3nocepesHe abo ornocepeAKoBaHe MOLLKO-
J>KEHHS eniTenianbHOro v eHAgoTeniasibHOro
6ap’epiB, L0 3YMOB/IIOE HaAMIpHE BUAINEHHS
MeZiaTopiB 3anaseHHsa B KPOBOTIK, i, AK Haci-
[OK, IHILIFOETBCA, aKTUBYETHCS | MOLIVPHOETLCA
CUCTEeMHa 3ara/ibHa BiAnoBiAb.

CnpoBaTKOBi UMTOKIHW, 30Kpema PHI-q, y
CBOKO Yepry, € BaX/IMBUMU TyMOPanbHNMU
perynatopamMu anonTtosy i MOXyTb KOHTPOJIHO-
BaTW AaHi NpoLecy Ha reHeTUYHO AeTepMiHO-
BaHOMY PiBHi, a MOPYLUEHHs X anonToTUYHOT
aKTUBHOCTI MOXe MPU3BOAUTY O nporpecy-
BaHHS NATOMONUYHMX CTaHiB[9]. PyHAAMEHTaNbHI
Ta KNiHIYHI JOCNTIAKEHHS BKA3YHOTb Ha YHIKaIbHY
34aTHicTe PHI-a iHiuiroBaTK | aNONTOTUYHY
3armbenb KNIiTUH, | HEKPO3 KNITUH NapeHxiMa-
TO3HKX OPraHiB 3a yMOB rineprnpoayKkyBaHHs
®HM-a [10].

MeTab0oni3M KNiTHW B BiNbLLOCTI BUNMaAKiB
3anexunTb Bif xapakTepy iHpopmauii, aKy He-
CyTb MepBUHHI MeceHXepu - LUTOKIHW.
®HM-a, sk i IL-1B, akTnBye HAAPH-okcmnaasn
HeNTPOGINbHNX rPaHYNOLMTIB, AKIi OKUCHIOOTE
HAAPH ao HAL®* 3a paxyHOK BigHOBNEHHS O,
[l0 CyrnepoKCNAHOro aHioH-paavikana. PepmeH-
TaTMBHa reHepauis CynepokKCUAHOro aHioH-
paavikana B OpraHi3Mi NHAMHU 34iINCHIOETLCA
TaKOX KCAHTUHOKCKAA3010, LIMToXpomom P450,
anbAerifoKc1Aa30to, NiMOKC1reHaso, LINK/Io-
OKCUreHaso HenTpodinie i MoHoumTiB [10, 11].
Y pe3ynbTaTi BAHUKAE TakK 3BaHUN KNCHEBUIA
crnanax, 3yMOBJIeHU aKTUBHUMU dopMamMu
KUCHIO, Cepes AKNX Mienornepokcrasa kaTtai-
3Yy€ peakLito yTBOPEHHS rinoxXJ10puTy 3 aHioOHa
XJIOPY i NepOKCMAY BOAHHO, @ TAKOX BiiOYBaETLCSA
YTBOPEHHS Mi4POKCUIBHOIO paAyrikana 3 mepokK-
CUAY BOAHIO i FiNOX/IOPUTY 38 HAABHOCTI iOHIB
3aniza (pwc. 1) [12, 13]. AncmyTauis cy nepokcuna-
aHiOH-pagmMKanie Nig A€o Cyrnepokcnaamncmy-
Ta3 y 6i0f0rYHNX TKAHNHAX CIPUYNHSAE YTBO-
peHHS Nepokcnay BOAHIO, AKWIA 3aTHUIA 1erko
NPOHMKATL Yepe3 MeMbpaHu KNiTuH [14, 15].

AKTVIBHI $OPMU KNCHIO NPOAYKYHOTHCSA Ta-
KOX MpW akTuBauii Takoro ¢epmeHTy, Ak NO-
cnHTasa (NOS). Okcmg asoty (NO) Bigirpae
BaXK/INBY POk Y perynsauii yHKLin nereHs i B
natogisionorii 3axBoproBaHb CUCTEMU JMXAHHS
[16-19].Y nereHsix NO BMpo6ASiETLCA Nig BNM-
BOM KOHCTUTYyTUBHOI NOS (cNOS) B eHaoTe-
NianbHUX KNiITUHaX ereHeBol apTepii Ta BeHW.
Y pAAi KNiTUH, HAaABHUX Y JIereHAX i 34aTHUX
BNpo6nATM NO, BKAtOUaroum Mmakpodarmu, Hei-
Tpodinu, rnagki KNiTMHW, eHgoTenianbHi, rnag-
KOM'A30BI, eniTeliaNbHi KITUHW Ta, MOXJ/INBO,
KNTUHW IHLWKWX TUNIB, NpeACcTaB/ieHa ekcrpecis
iHayunbenbHoi NOS (iNOS). JocnigxeHHs,
npoBezeHi Ni3HiLle, MoKasanwy, Lo B AnXalbHUX
wnaxax cNOS xapakTepusyeTbCa BUCOKOK
romonorivHictio go iNOS Ta mMicTuTbCa B eni-
TenianbHMX KniTnHax [17].

YT1BOpEeHHs eHgoreHHoro NO MoXHa pos-
rNSAaTV K MeXaHi3M, SK1i NiATPUMYE CTanicTb
CTaHY rajKnxX MiouunTiBY lereHeBir LmpKynsLii,
i, BIiANOBIAHO, HEAOCTATHICTb CMHTE3Yy abo X
BMBiNIbHEHHA NO 3yMOB/IHOE HAZAMIPHY iX Npo-
nidepauito. NMposeseHi HayKoBi AOCAIAXKEHHS
BKa3ylOTb Ha Te, LLIO B HOPMAaJIbHOMY JlereHe-
BoMy pycni NO He nuLie cnpusie agekBaTHIN
BasoAwnarawii, ane i nepeLlKoXaEe Ba30KOH-
CTPUKTOPHIlA Aii rinokcii Ta eHgoTeniHy [17, 19].
BTpaTa eHfoTeniesanexHoi penakcauii cyanHa-
MW Mif, Yac rinokcil CNpUYnNHAE NiABULLLEHHS 1X
TOHYCY, YTBOPEHHS TPOMbIB, MOPYLUEHHSA MiK-
poLMpKyAsLil, Lo Np13BOANTL A0 nponidepadtii
rnagKux miouuTis [7, 8].

JNiTepaTypHi gaHi OCTaHHiX poKiB CBig4yaTb
npo Te, WO MNPU 3anajbHNX 3aXBOPIOBAHHSAX
OpraHiB AunxaHHA 3poctae ytBopeHHsa NO B
eniTenii gnxanbHUX WNAXiB MoAnHN [16]. CUH-
Te3 NO MmigBULLYETLCA 3@ PaxyHOK akTuBaLii
iNOS nig BnAvBom MakpodaranbHUX LUTOKIHIB,
O BKAHOYAKTb M iHWI KAITUHHI CTPYKTYpPU B
aKTVIBHe YTBOPEHHS MeZiaTopiB 3anaseHHs, a
TaKOX eHAOTOKCeMIl. 3ananbHi Megiatopw, WO
BUAINAKOTECA MacToumTaMuy, i rinepnpoayky-
BaHHSA NO cnpusitoTh 36iNbLLIEHHI0 MPOHUKHOCTI
CYAVHHOT CTIHKW 3 $OpPMYBaHHSAM iHTepCTU-
LiliHOro Ta anbBeONsAPHOro Habpsky [17].

MeTabonizam NO BifbyBaETLCS TakKUM YU-
HOM (puc. 1). OCHOBHWMIA WINSIX - peakuis 3
remMonpoTteiHamu: KNiTUHHI epekTnn NO 3giic-
HIOTBLCA NPV 3B’A3YyBaHHI 3 TEMOBMICHUM
depmMeHTOM ryaHinaTumknasoro, NO pearye 3
remMorn06iHOM epuUTPoOLMUTIB 3 YTBOPEHHSAM
MeTremMornobiHy. BHacnigok uboro NO nepe-
TBOPHOETHCSA B ioH HITpUTY (NO,), a 33 HasiBHOCTI
remogoro 3asiza NO, nepexoanTb y CTabinbHWN
ioH HiTpaTy (NO,). Takox NO npu B3aemogii 3
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Puc. 1. LUNSXm LNTOTOKCUYHOI Aii akTUBHUX GOPM KNCHIO Ta a3oTy.

CynepoKCnA-aHiOHOM YTBOPIOE MEPOKCUHITPUT
i rigpokcun-pagvikan. YTBopeHi Cnonyku Ha-
nexaTtb A0 aKTUBHUX GOPM KUCHIO i MatoTb
[AEeCTPYKTUBHY Aito BiAHOCHO 6inkiB Ta ninigis.
MeTaboniam NO Tex BiAbYBaETLCSA LUAAXOM
YTBOPEHHS HITPO30TioNiB Ta AVNHITPO30/bHNX
KOMIMNEeKCiB HereMoBoro 3anisa, Lo € Jernom
NO [18, 19].

[HakTMBaL,iA BINbHWX paguKanis 34iAcCH0-
€TbCHA AHTUOKCUAAHTHOR CUCTEMOLO, IKa BKHO-
yae B cebe aKkTVBHI aHTUOKMCHIOBaYI Ta aHTU-
OKCUAAHTHI depMeHTH, WO po3puBaTb
NaHUorM Monekyn nijg yac peakuii BinbHopa-
AMKaNbHOMO OKUCHEHHs [16].Y HageniTeniansHil
piAVHI pecnipaTOpHOro TpakTy € HebepMeHTHI
AHTUOKCUAAHTN: LIepy/IonaasmiH, TpaHchepuH,
BiTaAMiHW, aMiHOKMCAOTW, iOHW MeTanis. [o
OCHOBHUX GpepMeHTIB aHTUOKCUAAHTHOI CuUC-
TeMWU, Lo MICTATBLCA B HageniTenianbHin pignHi
AVXaNbHUX LWAAXIB, HAaNeXUTb Cyrnepokcua-
ANCMYyTasa, AKa ANCMYTYE CynepoKCUAHN
paavkan, rayTaTioHMepoKCnAasy, Lo iHaKTUBYE
nepokcua ninigis, katanasy, Aka pymHye
NepoKcns, BOAHK. 3MiHU CTPYKTYPU i GyHKL,T
cybCTpaTiB, Ha siKi Ait0Tb aKTUBHI GOPMU KUCHIO
Taa3oTy, 3a/1eXaTb 3ara/ioM BiZ CMiBBiAHOLLEHHS
aKTUBHOCTI Bi/IbHUX pajuikaniB Ta aHTUMOKCU-
AaHTIB. [TOTPIOGHO 3ayBaXXMTK, LLO NPU FOCTPUX
NlereHeBUX ypaXKeHHAX aHTUOKCUAAHTHI cuc-
TeMU LWBUAKO BUCHAXYIOTbCA, a HagMipHe
NPOAYKYBaHHSA aKTVBHUX MeTaboniTiB KNCHIO
MOXe MaTu PyMHIBHW BNAWB Ha eniTenioynTn
7 iHLWI KNITUHW NereHeBol TKAHWHW, LLIO € OAHUM

3 OCHOBHUX GaKTOPIB TAXKKOCTI 3aXBOPIOBaHb
opraHie gnxaHHs [6, 11, 21].

AKTVBHI GOPMU KMCHIO Ta @30Ty BMN/INBAOTh
Ha Npo- i aHTMaNONTUYHI MeXaHi3MU KNTUH
pecnipatopHoOro TpakTy 6esnocepesiHb0 abo
yepes BHYTPIWHBbOKIITUHHI pefoKc3anexHi
CUrHanbHi cnctemu [20, 22]. Tak, anbBEONOLMTY
[iII TvniB € UyTANBUMU 40 NPOANONTUYHOI Ail
AaKTUBHUX MeTaboniTiB KNCHIO, AKi 34aTHi
aKTMBYBaTU Kacnasy-3, MoCUI0BaTY eKCrpecito
npoanonTUYHoro NpoTeiHy Bax [23, 24]. MoHo-
OKCWJ, @30Ty TaKoX € peryissiTopom anornrosy,
30KpeMa HM3bka KOHLeHTpauis NO npurHiyye,
a BMCOKA - iHAYKYE NpOrpamMoBaHy KAIiTUHHY
cMepTh. NowkogxeHHs AHK akTnBH1UMU paan-
Kasamu a3oTy 3yMOBJIHOE HAaKOMUYeHHs p53,
Lo BBaxatoTb iHAMKaTopoMm NO-onocepes-
KOBaHOro anontosy [25, 26].

BucHoBoOK

Y 3B'A3Ky 3 BULLECKa3aHNM, aKTya/lbHOIO €
npobnema po3yMiHHS CUrHaNIB Ta MexaHi3MmiB,
BiAMOBIfaNbHNX 3a peryntoBaHHA NpPoLecis
Bi/IbHOPAaAMNKANbLHOIrO OKUCHEHHSA | cucTeMM
aHTNOKCUAAHTHOIO 3aXM1CTY, POJib MPO- Ta Npo-
TM3anasibHNX MOeKy/, BNJNB aKTUBHUX MeTa-
60niTiB Ha Npouecy penapauii i BUXMBaHHSA
KNTUH pecnipaTopHOro TpakTy NMpu roctpmux
ypaXKeHHAX nereHb. PO3yMiHHA CyTi aHUX
npouecis A03BOANTb MOMANBUTK iICHYHOYI I
OTPVMAaTU HOBi 3HaHHS, @ TakoX HaMITUTWX No-
JAanbLUi HAaNPSAMKM KOpPeKL,ii NaToIoriYHUX 3MiH
npwv nereHesili naTonorii.
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PATHOGENETIC MECHANISMS OF LUNG INJURY

M. I. Marushchak, I. Ya. Krynytska, G. G. Gabor, O. Z. Yaremchuk
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY

Background. In contemporary life science research development most attention is paid to mechanisms of
many human diseases that are associated with the violation in cell death. One of the main causes of cell thanatologic
disregulation program is the changes in their production and activation of the biological effects of tumor alpha
necrosis factor.

Objective is to summarize current scientific data about role of activated oxygen and nitric metabolites in
the system of lung pathogenetic injuries.

Methods: analysis of the research data on mechanisms of lung injury.

Results and conclusions. The topical issue of lung pathogenetic injury is to understand the signs and
mechanisms responsible for regulation of free radical oxidation and antioxidant defense system, the role of pro-
and anti-inflammatory molecules, the influence of active metabolites on the process of restoration and survival
of the respiratory tract cells in cases of acute lung injury. The studies of this processes will help to obtain more
knowledge on lung pathology.

KEY WORDS: lung injury, pathogenesis.
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