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Background. Anthracycline antibiotics are one of the most effective anti-cancer drugs, but their cardiotoxicity
what limits its therapeutic use.

Objective. To analyze the efficiency of enterosorption in doxorubicin-induced cardiohemodynamics violation.

Methods. Subchronic doxorubicin toxicity was modeled by injecting the anthracycline antibiotic intra-
peritoneally at a dose of 5 mg/kg once a week for 4 weeks, in total 20 mg/kg. Male Wistar rats were randomly
distributed into 3 groups: control; DOX-group and DOX + enterosorbent C2 rats (y=0.18 g/cm?, BET area 2162 m?/g).
Cardiohemodynamics was studied by the Millar Instruments, heart morphometry - by Avtandilov's method.

Results. Mortality rate in DOX-group was 25%. Ejection fraction and Stroke work indices were lower compared
to the control group, preload adjusted maximal power decreased by 57.6%, minimum volume and end-systolic
volume increased by 76,2 and 67.5% respectively. End-systolic stiffness of left ventricle (E__) as well as arterial
elastance (E) and end-systolic pressure had tended to decrease. Indices of left ventricle (LV) volume at systole
increased: V@dPdt, - by 73.3%, V@dPdt . - by 81.9%. End-diastolic volume increased by 54.6%. As for the
dPdt ., and Tau constant we observed the slight tendency to its decline. Endocardial surface of LV increased by
42.7%, Planimetric Index - by 40.4% compared to the control group of rats.

In DOX+C2 group mortality rate was 18.75%. We observed the strong tendency to normalization of the main
indices compared to the DOX group and shrinking of the LV. We want to underline the positive trends especially
in Ejection Fraction (from 39.62+10.50% to 46.23+11.46%) and Stroke Work (from 6406.50+3345.83 to
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10363.14+7329.55 mmHgxul) as important indicators of the effectiveness of cardiac pump function.
Conclusions. Enterosorption demonstrated positive impact on the doxorubicin-induced violated

cardiohemodynamics and decreased the mortality rate. It is a ground for further investigations.
KEY WORDS: doxorubicin-induced subchronic toxicity; heart damage; enterosorption;

cardiohemodynamics parameters.

Introduction

Anthracycline antibiotics are widely used to
treat many types of malignancies because of
their high efficacy. But, also, they are cardiotoxic,
what limits their therapeutic use and cumulative
dose [1,2]. Doxorubicin (Adriamycin, a derivative
of rubomycin - 14-hydrorubomycin) is a part of
chemotherapy schemes for treatment of breast
and prostate cancer, solid tumors in children,
sarcomas, and others. Multiple mechanisms of
heart damage by anthracyclines are recognized.
Oxidative stress and generation of reactive
oxygen species (ROS) by “anthracycline-iron”
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complex; cardiac muscle’s accumulation of
highly reactive alcoholic metabolite doxoru-
bicinol (DOXol); cytokines disturbances; as a
consequence of endogenic intoxication and
bacterial translocation because of mucositis -
are only a few possible ways of cardiomyocytes
injury [3-7].

Till today there are no definite and 100%
efficient methods for prevention and treatment
of anthracyclines-induced cardiotoxicity. Iron-
chelating agent dexrazoxane was implemented
into protocols based on its capability to prevent
free radical release [8,9]. But there are some
facts that this agent could decrease the efficacy
of anti-cancer chemotherapy [10]. That is why
the search of effective means to ameliorate the
cardiotoxicity of anthracyclines, which do not
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attenuate the anti-tumor activity of drugs, re-
mains actual. Sorption Detoxification is a well-
known method for cleaning of body fluids from
toxic endogenous or exogenous compounds.
The most widely used types of this method are
the purification of blood or its components
(hemosorption), oral administration of sorption
materials (enterosorption), and application-
sorption therapy of wounds and burns [11]. Our
previous studies with enterosorbents Carboline
and carbon granular oral adsorbent C2 de-
monstrated promising results to alleviate the
side effects caused by cytostatic agents mel-
phalan and cisplatin (bone marrow suppression,
gastrointestinal toxicity, testes damage, etc.)
[12-15]. Enterosorbent C2, which has optimized
and shifted to mesopores porous structure, in
combination with an officinal biosimilar of gra-
nulocyte colony-stimulating factor (filgrastim)
ameliorated hematologic toxicity and oxidative
stress indexes much better than each of these
preparations alone [16].

The objective of this study is the assess-
ment of the capability of carbon granular oral
adsorbent C2 to diminish the doxorubicin-
induced heart damage.

Methods

Materials

Doxorubicin hydrochloride (Doxorubicin
Teva 10 mg/5ml, concentrate for solution for
infusion, TEVA Pharmachemie, the Netherlands)
was used for experiments. Carbon oral adsor-
bent C2 was specially designed at the Depart-
ment of Means and Methods of Sorption The-
rapy of R.E. Kavetsky Institute of Experimental
Pathology, Oncology and Radiobiology (IEPOR).
Parameters of enterosorbent C2 are next: bulk
density y=0.18 g/cm?, granules with a diameter
of 0.15-0.25 mm, the porous structure of C2 is
well developed and shifted toward mesopores,
which surface is 565 m?/g. BET (Brunauer-
Emmett-Teller) surface area is 2162 m?/g.

Animal studies

All experiments were carried out with male
Wistar rats, 180-220 g of primary weight, which
were reared at TNMU animal facility (Ternopil,
Ukraine). All procedures were done according
to the local bioethical committee guidelines
which conform to the rules and requirements
of European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (1986) and EU Direc-
tive on the Use of Animals for Research Direc-
tive 2010/63/EU. Acommon light-dark cycle was
maintained for rats and fed on common rodent

chow diet with tap water ad libitum, according
to the guidelines for animal care.

A well-documented regimen was used for
the induction of heart damage by doxorubicin
[17]. Animals were randomly assigned to 3
groups: 1) control group (n=7); 2) rats treated
with DOX (DOX-group) (n=16); 3) rats treated
with both DOX and carbon enterosorbent C2
(DOX+C2) (n=16).

Subchronic doxorubicin toxicity was mode-
led by injecting the anthracycline antibiotic
intraperitoneally at a dose of 5 mg/kg once a
week for 4 weeks, in total 20 mg/kg [17]. The
animals serving as control received the same
volume of saline intraperitoneally once a week
for a total of 4 weeks. Newly designed carbon
oral adsorbent C2 was given into the stomach
via a custom rigid tube once a day at a dose of
5 ml per kg (or 1 ml for each 200 g of rat body
weight; or 900 mg of the dry mass of the
enterosorbent). We started enteral sorption
therapy the next day after the first injection of
Doxorubicin. The sorbent was given as a sus-
pension in an appropriate volume of distilled
water. The rats of the control group received
an equal volume of distill water. On the days of
doxorubicin injection and one day before it, the
enterosorbent was not given to avoid any
pharmacokinetics disruption.

Cardiohemodynamics measurements

For the direct cardiac function evaluation,
we used Millar pressure-volume (P-V) system
(MPVS-300, Millar Instruments, Houston, TX,
USA). On the 29" day of the experiment
counting from the first injection of doxorubicin,
under urethane general anesthesia (1.5 g/kg)
theright carotid artery was exposed and ligated
distally, the artery was clamped and incised,
and a 0.5 cm long 90 PE tube was inserted as a
catheter guide. A 2-Fr Mikro-Tip catheter (SPR-
838, Millar Instruments, Houston, TX, USA) was
advanced through the guide into the LV under
pressure control; a ligature was then tightened
around the catheter to avoid blood loss [18].
After stabilization for 5 min, signals were
continuously sampled at a sampling rate of
1000 samples/sec by the MPVS-300 system,
recorded, and displayed on a personal computer
by the PowerLab System and ChartTM v.5.4.2
software (ADInstruments, Millar Instruments)
for 15-20 min.

The relation of pressure and volume of the
left ventricle was performed by software PVAN
3.6 (AD Instruments, Millar Instruments) with
the conversion of relative volume units (RVU)
into absolute one (equation slope 20,25xRVU -
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intercept 29,05). The Millar P-V System simulta-
neously and continuously measures left vent-
ricle (LV) pressure (P) and volume (V) from the
beating heart, producing characteristic PV loops
readings of which a variety of cardiovascular
parameters, such as heart rate (HR), cardiac
output (CO), stroke volume (SV), ejection
fraction (EF), stroke work (SW), dP/dt_ , and
dP/dt_.  are derived. End-systolic pressure
(ESP), end-systolic volume (ESV), end-diastolic
pressure (EDP), end-diastolic volume (EDV),
stroke volume (SV), stroke work (SW), maximum
dP/dt (dPdt__), minimum dP/dt (dPdt_ ), tau,
maximum dV/dt (dvdt__ ), minimum dV/dt
(dvdt . ), maximum pressure (Pmax), minimum
pressure (Pmin), maximum volume (Vmax), and
minimum volume (Vmin) were also analyzed.

Morphometrics of the heart

To estimate chronic changes of the shape
and size, the hearts of the rats were used for
measuring and evaluating of the planimetric
index. For indirect planimetry of the endocardial
surface of the rats’ hearts, ventricles were taken
accordingly to Avtandilov G.G. method[19] in
Esypova LK. et al. modification [20]. We measu-
red the endocardial surfaces of the left (E ) and
right ventriculi’'s wall area (E Planimetric
index (PI) was calculated as:

PI=E,+E,,.

where E  is the endocardial surfaces of the
left ventricle wall area and E_, is the endocardial
surfaces of the right ventricle wall area.

Statistical analysis

The normality of data distribution was
tested using Kolmogorov-Smirnov test, homo-
geneity of variance - Levene’s test. Mann-
Whitney test and One-way ANOVA was applied
to test the differences between the groups.
Statistical analysis was performed using Micro-
soft Excel XP (USA) and Statistica 10.0 (StatSoft
Inc., USA). Differences were considered signi-
ficant if the probability of Type I error was less
than 0.05. P<0.05 was considered significant.

RV)'

Results

In DOX-group the number of prematurely
deceased rats was four, in DOX+C2 group -
three rats died before the end of the experiment.
All abovementioned animals died after the 4%
injection of doxorubicin during the last week of
the experiment. Among survived rats we ob-
served typical clinical signs of heart failure: rats
showed clear signs of dyspnea, from mild to
severe ascites, different stages of hydrothorax
and liver enlargement; their common activities
were reduced compared to the rats of the

control group. Those sings had less intensity
compared to the untreated group of animals.

The pump function of the heart was ana-
lyzed by next parameters: ejection fraction,
stroke volume and stroke work and cardiac
output, as well as maximal power and preload
adjusted maximal power (PaMP) (table 1).
These parameters are load-dependent and
consequently represent poor contractility indi-
ces. Increased cardiac output, high heart rate
as well as stroke volume are the typical signs
of cardiac dysfunction and followed systemic
hemodynamic changes and our results sup-
posed it. It was a strong tendency for increasing
of the all abovementioned indices, but enteral
sorption therapy partly disrupts it. Ejection
fraction in DOX-group rats was lower, but in the
group DOX+C2, we see the tendency to its
normalization. The same tendency was for the
stroke work: from 6406.50+3345.83 in rats,
which received injections of doxorubicin, it
increased to 10363.14+7329.55 mmHgxulL for
rats which got oral adsorbent concomitantly.
While the index in rats of the control group was
7036.43+5036.46 mmHgxulL.

Minimum volume increased by 76,2%, end-
systolic volume - by 67.5%. For both indices, we
observed the tendency for decreasing by oral
adsorbent therapy, but they did not come close
to the numbers of control group rats.

In the rats of DOX-group the index of
maximal power did not change significantly,
but the strong tendency to its decreasing we
saw, while preload adjusted maximal power
(PaMP) was lower by 57.6% compared to the
control group. Enteral sorption therapy
promoted the tendency to normalization of the
indices. End-systolic stiffness of left ventricle
(E,__ ) had astrong tendency to decreasing from
4.55+2.93 to 2.74+2.02 (what means that left
ventricle was dilated and lost end-systolic
elastance), while carbon oral adsorbent C2
increased this index to 5.30+0.44.

Specific parameters as the volume at the
point of maximal speed of pressure change
(V@dPdt__ ) and volume at the point of maximal
speed of pressure decline (V@dPdt_ ) are used
for assessment of LV volume at systole.
So, V@dPdt__ increased by 73.3%, while
V@dPdt . - by 81.9%.

During diastole, the myocardium stops
shortening and generating force and relaxes.
Diastolic function was analyzed by changes of
end-diastolic pressure and volume, the peak
rate of pressure decline (dPdt_, ) - isovolumic
relaxation, constant Tau by Weiss method (t, ).
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Table 1. Cardio-hemodynamics indices in rats, which received doxorubicin and enteral sorption
therapy with oral carbon adsorbent C2.

Index Control group DOX group DOX + C2 group
HR (min-") heart rate 321.0+43.89 356.64+48.82 378.38+33.86
Maximum Volume (uL) 146.79+13.08 232.76+76.58 236.68+102.07
Minimum Volume (uL) 78.27+£15.17 137.93+46.96* 126.05+35.68
End-systolic Volume (uL) 84.87+17.73 142.16+47.56* 130.76+36.68

End-diastolic Volume (uL)

142.56£11.36

220.44+70.94*

223.75+85.04

Maximum Pressure (mmHg) 116.24+£21.53 102.0+£22.51 111.85%£14.35
Minimum Pressure (mmHg) 4.97+3.89 4.15+3.39 2.10+1.65
End-systolic Pressure (mmHg) 109.57+25.12 96.22+24.07 104.58+16.72
End-diastolic Pressure (mmHg) 9.10+4.28 6.72+4.54 5.99+3.77
Stroke Volume (uL) 68.52+21.34 94.835+39.90 120.88+78.45
Ejection Fraction (%) 46.15+£11.83 39.62+10.50 46.23+11.46
Cardiac Output (uL/min) 22222.85+8424.99 | 33103.55+13814.04 44721.45+28511.89
Stroke Work (mmHgxulL) 7036.43+5036.46 6406.50+3345.83 10363.1447329.55
Arterial Elastance (Ea), (mmHg/ulL) 2.25+0.71 1.06+0.49 1.11+0.56

dPdt max (mmHg/sec)

11758.0+5232.28

9897.43+£3142.76

12769.50+2861.17

dPdt min (mmHg/sec)

-7312.86+2477.79

-7062.50+1742.62

-8928.12+3274.57

dvdt max (uL/sec)

2811.14+1048.07

4783.57+1703.76

4489.87+2985.50

dvdt min (uL/sec)

-3345.57+1283.04

-3893.5£1345.52

-4751.1342491.48

max

P@dvdt max (mmHg) 38.27+32.11 40.16+35.79 34.62+36.27
P@dPdt min (mmHg) 88.67+50.41 64.69+13.78 74.00+21.68
V@dPdt max (uL) 124.90+25.62 216.46+£76.45* 228.02+102.85*
V@dPdt min (uL) 79.91+15.49 145.33+52.64* 129.76+36.71
Tau(W) (msec) 12.69+5.87 11.41+£5.01 9.25+1.96
Tau(G) (msec) 18.34+11.18 13.80+5.68 11.90+3.39
Maximal Power (mWatts) 43.89+34.61 38.94+18.71 57.61+£32.30
Preload adjusted maximal power, 20.81+15.88 8.82+4.78* 12.38+5.77
PaMP (mWatts/uLA2)

E 4.55+2.93 2.74+2.02 5.30+0.44

Notes. The data are expressed as means (M) + standard deviation (SD);* - p<0,05 comparing to control group; dPdt_ - peak
rate of pressure rise; dPdt . - peak rate of pressure decline; dVdt - peak rate of volume rise; dVdt . - peak rate of volume
decline; P@dVdt, - Pressure at dV/dt max; P@dPdt_, - Pressure at dV/dt  ; V@dPdt - Volume at dP/dt, ; V@dP/dt, -
Volume at dP/dt,; Tau (G) - relaxation time constant calculated by Glantz method (regression of dP/dt versus pressure);
Tau (W) - relaxation time constant calculated by Weiss method (regression of log(pressure)); E, - end-systolic elastance.

End-diastolic volume increased by 54.6% in the
group of rats, which received doxorubicin com-
pared to the control rats. As for the dPdt__we
observed a slight tendency to its decline, as well
as for the Tau constant.

After 4 injections of Doxorubicin on 29t day

the left ventricular wall area increased by 42.7%
(p<0.001) compared to control group of rats
(table 2). At the same time, there were no
changes in the right ventricular wall area. In
rats which received enterosorption together
with doxorubicin, the endocardial surface of

of the experiment, the endocardial surface of ~the left ventricular wall area index decreased | {3

O

Table 2. The influence of enterosorption on morphometric indexes of the heart ventricles Z

in subchronic doxorubicin toxicity in rats. L‘G']

Index Control group DOX-group DOX+C2 group »

The endocardial surface of left ventricular 118.0+4.45 168.4+7.63* 132.6+3.06% ** é

wall area, mm? g

The endocardial surface of right ventricular 132.2+6.27 134.8+6.54 137.8+4.88 A

wall area, mm? %—1

Planimetric index (PI) 0.894+0.010 1.25+0.032* 0.965+0.022** o

b=

Notes: The data are expressed as means (M) + standard error (SE). p<0.05 compared to * - control group; ** - DOX-group. aa]
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by 21.3% compared to the DOX group, but it
was still larger than in rats of the control group.

Doxorubicin injections increased the Plani-
metric index (PI) the by 40.4% compared to the
control group (from 0.89+0.01 to 1.25+0.03),
while in DOX+C2 group it decreased by 22.8%
(0.96+0,02, p<0.001).

Discussion

Our study deals with the effect of entero-
sorption on doxorubicin-associated cardiac
toxicity. Doxorubicin’s use in patients is limited
by its cardiac toxicity. Today a new subspecialty
appeared - cardio-oncology, which focuses on
prevention, detection, monitoring, and treat_
ment of cardiovascular pathology during anti-
cancer chemotherapy [21]. Itis a marker of the
high importance of this problem because long
term survival of childhood cancers is more than
70% for now [6] and continued to increase [22].
Strong links between cancer and heart disease
are recognized, that is why a clinical need for
optimized cardio-oncology patient management
is growing. Among anti-cancer agents, the most
capable drugs to cause the dilative cardio-
myopathy are anthracyclines and cyclophos-
phamide [16,23]. Dose-dependent irreversible
heart damage occursin 1.7% of patients mostly
via oxidative stress activation and by inhibition
of transcriptions of genes, which are responsible
for the synthesis of the contractile proteins
[3,16]. Up to 3% of heart transplantations were
done for patients because of doxorubicin
therapy [6]. It is known that the prognosis of
patients who develop doxorubicin-induced
congestive heart failure is poor: approximately
~50% mortality in 1 year [3]. Monoclonal anti-
body trastuzumab and low molecular tyrosine
kinase inhibitors as sunitinib and sorafenib may
cause heart damage too [23]. They modulate
mitochondrial integrity, deplete ATP and lead
to contractile dysfunction. But in this case, the
contractile function of the left ventricle improves
after drugs discontinuation [23].

We used typical widespread modeling to
induce congestive heart failure in rats: four
injections of DOX at the dose of 5 mg/kg for
cumulative dose 20 mg/kg and got the cardio-
hemodynamic disruption [17]. So, this model
could be used for assessment of the capability
of different substances and drugs to impact the
heart systolic and diastolic function. One of the
experimental morphometric methods to mea-
sure and estimate the type and deepness of
heart injury is weighing and weight measu-
rement of different parts of the organ namely

left and right ventricle with the septum (vent-
ricle index, Fulton index, etc.). The planimetric
method allows estimating changes of both
ventricles by measuring the endocardial sur-
faces area [19]. And this method is validated to
estimate the chronic changes of the heart mor-
phology, while cardiohemodynamics violations
measured by Millar Instruments are quite good
for assessment of acute functional changes in
heart work.

A wide variety of indexes that can be
quantified by analyzing pressure-volume (PV)
loops have been proposed to characterize the
left ventricle systolic and diastolic performance.
In the present study, doxorubicin-associated
cardiac dysfunction was manifested by a re-
duction in cardiac systolic and diastolic hemo-
dynamic function. We have shown statistically
significant differences between DOX and cont-
rol groups in parameters of end-systolic and
end-diastolic volumes as well as volumes at the
point of maximal speed of pressure change and
pressure decrease. Also, we have shown a
57.6% decrease in Preload adjusted maximal
power. Doxorubicin at the cumulative dose of
20 mg per kg promoted the heart dilation,
which was confirmed by increased indices of
the endocardial surface of the left ventricular
wall area and planimetric index. Our previous
study demonstrated the decreased mass of the
heart in subchronic doxorubicin toxicity. So,
despite only the slight tendency of ejection
fraction declining, these important changes
already indicate the onset of the dilated cardio-
myopathy. Such results are supported by re-
search on the male New Zealand white rabbits
with doxorubicin-induced heart damage [24].
So, we may conclude, that early myocardial
effects of doxorubicin-induced cardiotoxicity
are presented. We may talk about early stages
of dilated cardiomyopathy with still preserved
ejection fraction, but with clinical signs of
congestion in survived rats - non-failing dilated
left ventricle in survived animals. Our results
are confirmed by the study of Lodi M. et al. [25]:
A significantly reduced ejection fraction was
seen on day 80 only. They modeled cardio-
myopathy by 6 IV injection of DOX at the dose
of 1.5 mg/kg on the 8", 11t, 14, 17t%, 20% and
231 days of the experiment [25]. Also, the
results of our histological examination of heart
tissues presented revealed loss of myofibrils
and striations, as well as cytoplasmic edema.

Our previous study demonstrated that ente-
rosorption with C2 ameliorates the morpho-
logical sings of heart damage [26]. Also, we

N

0.0. Shevchuk et al.

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 2



observed improvements of hematological pa-
rameters, kidney's function and decrease of
endogenous intoxication markers. Those data
are in press.

It is important to mention that the conco-
mitant course of enterosorption during this
experiment decreased the mortality rate. In rats
which received doxorubicin, it was 25% (4 rats
from 16), while at the DOX+C2 group - 18.75%
(3 rats from 16).

DOX+C2rats’ group has shown a statistically
significant difference compared to the control
group in the parameter of volume at the point
of maximal speed of pressure change.
V@dPdt,__ increased by 82.6%.

All 26 parameters of cardiohemodynamics
were altered in rats which received doxorubicin
at the total dose of 20 mg/kg. More than a half
(14 parameters) among them demonstrated
tendency to normalization under the influence
of enteral sorption therapy. Especially we want
to notice the positive tendency in indices of
Preload adjusted maximal power, PaMP (from
8.82+4.78 to 12.38+5.77 mWatts/uLA2), Maximal
Power (from 38.94+18.71t0 57.61+32.30 mWatts,
and it was even higher than in the control
group - 43.89+34.61 mWatts), Stroke Work
(from 6406.50+3345.83 to 10363.14+7329.55
mmHgxuL, while the control group index was
7036.43+ 5036.46 mmHgxulL) and Ejection
Fraction from 39.62+10.50% to 46.23+11.46%,
when in the control group it was 46.15+11.83%).

Conclusions

Doxorubicin at the total dose of 20 mg/kg
caused pronounced violation of cardiohemo-
dynamics. Systolic indices as Ejection fraction,
stroke work, end-systolic elastance (E__ ), end-
systolicpressure -allthese indices demonstrated
a tendency to decline, preload adjusted maxi_
mal power (PaMP) was lower by 57.6% compared
to the control group. It is a marker of weaker
pump function and poor contractility of the
heart. Morphometry showed dilation of the left
ventricle and increased planimetric index. At
the same time, the diastolic indices were
disrupted too. End-diastolic volume significantly
increased by 54.6%, the index of peak rate of
pressure had a tendency for declining, as well
as Tau(w). The indices of volume at the point

of maximal speed of pressure change
(V@dPdt__ ) and volume at the point of maximal
speed of pressure decline (V@dPdt_, ) sig-
nificantly increased in rats, which received
doxorubicin. It confirms the diastolic dysfunction
presence.

Enteral sorption therapy mostly normalized
and improved violated indices and decreased
the rate mortality of rats. We observed shrin-
king of the endocardial surface of the left
ventricular wall area by 21.3% and decreasing
of Planimetric Index. Those results demonstrate
that enterosorption could prevent remodeling
ofthe heartchambers. Our cardiohemodynamics
investigations included more than 20 para-
meters and though mostly they are not statis-
tically significant we want to underline the
positive trends in DOX+C2 rats comparing to
DOX-group, especially in Ejection Fraction and
Stroke Work parameters as they are the im-
portant indicators of the effectiveness of
cardiac pump function. Such results could be
explained by the fact that measurement of
hemodynamics was done one week later after
the last 4th injection of doxorubicin, and we
observed the consequences of mechanisms of
adaptation in survived rats.

Our research demonstrated promising
results of the efficiency of carbon granular oral
adsorbent C2 to ameliorate the doxorubicin-
associated cardiohemodynamics changes and
are the ground for further future investigation
of different combinations of enterosorption and
cardio-tropic drugs.
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MMO3UTUBHII BIUIUB EHTEPOCOPEIIII HA IIOPYIIIEHHSA
KAPAIOTEMOANHAMIKH, CIIPUYHNHEHI JOKCOPYBIITHUHOM

0.0. WeBuyk', I'.B. MopTHiueHKo? T.€. JlanikoBa-bpuriHcbKaZ,

C.B. ToHuapoB? B.Il'. Hikonaes?, B.€. [loceHKo?

1 - TEPHOIML/IbCbKMIA HALIOHA/IbHUI MEAWYHI YHIBEPCUTET IMEHI 1.4. FOPBAYEBCLKOIO,
TEPHOIML/Tb, YKPAIHA

2 - IHCTUTYT ®I3I0JIOrII IMEHI 0.0, 50rOMOJIbLIA HAH YKPAIHU, KMIB, YKPAIHA

3 - IHCTUTYT EKCIIEPUMEHTA/ILHOI MATOJIOrIL, OHKOJIOIII I PAAIOBIO/ONIT IMEHI P.€. KABELIbKOIO
HAH YKPAIHW, KVIB, YKPAIHA

BcTyn. Kapdiomokcu4Hicmes npomunyxauHHUX AiKApCbKUX 30C06i8, | 0€061UB0 AHMPAYUKAIHOBUX
aHmubiomukis, € 00HUM 3 AIMIMYYUX pakmopie epekmueHoO20 NiKy8AHHSA 310AKICHUX HOBOYMaopie.

MeTa. Jocridumu moxciugocmi eHmepocopbyii 015 NOM'AKWEHHS Kap0io2eMOoOUHAMIYHUX 3MiH, BUKAUKAHUX
00KCOpybIyUHOM 8 eKcnepuMeHmi.

MeToan. CybxpoHiyHa 00KCOpybilUHOBA MOKCUYHICMb MOOENH8ANACA YOMUPLOXKPAMHUM 88E0€HHAM
0oKCopybiyUHy iHpanepumoHeasnbHo 8 003i 5 Me/k2 00UH pa3 HO MUXCOeHb NPOMA20M 4 MUXMHI8 y CyMapHili
KymynamueHiti do3i 20 me/ka. LLlypu 6yau paHOOMI308aHI y 3 2pynu: KOHMPOb, 2pyNa MeApUH, U0 ompumMyeanda
dokcopybiyuH (DOX-2pyna) ma 2pyny, Kompa okpiM 0CMAHHL020 OMpuUMysand eHmepocopbeHm C2 (y=0.18 a/c\p,
BET - 2162 M?/2). [apamempu kapoiozemoduHamiku eus4anucs 3a donomozoro Millar Instruments, MopdommpuyHi
3MiHU cepys - 30 memodom AemaHdinoea.

PesynbTtaTu. JlemansHicme y DOX-2pyni cknana 25%. MokasHUuku ¢pakyii eukudy ma ydapHoi pobomu
cepys 3HUXCY8AAUCH NOPIBHAHO 3 NOKA3HUKOMU KOHMPO/A6HOI 2pynu. [TOKA3HUK MAKCUMA/IbHOI NOMYXCHOCMI,
3pi8HOBA}EHOI HO hepedHABAHMAX(EHHA by8 00CMOBIPHO HUMXCHUM HA 57,6%, a MiHiMabHUU 06’eM ma KiHYego-
cucmonivyHuli 06'em 3pocau Ha 76,2 ma 67,5%, ujo ceidyums npo po3eumok 3acmiliHux asuwy. [Toka3HUKU
V@dPpdt, 3pocau Ha 73.3%, V@dPdt , - Ha 81.9%. KiHyego-diacmoniuyHuli 06'em bye suwum Ha 54.6%.
Cnocmepizanacs meHdeHyis 0o 3HUXeHHA dPdt . ma Tau koHcmaHmu. EHdokapdianbHa nosepxHsA /1ie020
WINYHOYKQ 3pocaa Ha 42,7%, a nnaHimempu4dHul iHoekc - Ha 40,4%.

Y epyni DOX+C2 nemansHicme cknana 18,75%. Cnocmepizanacsa supaxeHa meHoeHyis 00 Hopmanisayii
YCix noka3zHukie. 0c06U80 MU X04YeMo nidkpecaumu no3umusHuUll epekm 30CMoCy8aHHA 8y2/eles020
eHmepocopbeHma C2 HO NOKA3HUKU Ppakyii sukudy (3 39.62+10.50% 0o 46.23+11.46%) ma yoapHoi po6omu
(3 6406.50+3345.83 do 10363.14+7329.55 MM.pm.CmMxMK/) SIK 8AX/UBUX NOKA3HUKI8 HACOCHOI QyHKYiT cepys.

BucHOBKW. Bcmammi HagedeHi daHi, Kompi 0eMOHCMpyroms 300mHicmes eHmepasnsHoi copbyiliHoi mepanii
3MeHWysamu 3pyuwleHHs NOKA3HUKI8 Kapdio2eMoOUHAMIKU, cnpuduHeHi 8eedeHHAM 00KCopybiyuHy. OKpim
Yb020, eHmepocopbyia cnpuana 3MeHUeHHI NOKA3HUKA 1emaasHOCMi Ni0A0CAIOHUX MBAPUH.

K/TKOYOBI C/TOBA: cy6XxpoHiYyHa AOKCOpPY6iLLMHOBA TOKCUYHICTb; MOLIKOAXKEHHSA cepus;
eHTepocop6Lif; napameTpu KapaioremoanHaMiku.

BigaomocTi npo aBTOpIB

LWeBuyKk OKcaHa - KaHJ. Mej. Hayk, JoLueHT kadeapu dapmakonorii 3 kKNiHiYHOK PpapMaKkonorieto,
TepHOMINbCLKUIA HaLiOHaNbHUIA MeANYHUIA yHiBepcuTeT iMmeHi 1.9, TopbayveBcbkoro, TepHoONinb , YkpaiHa

MopTHiveHKo leopriid - kaHA. 6ion. Hayk, BiaAin 3aranbHOI Ta MonekynspHoi natodisionorii, IHCTUTYT
disionorii imeHi O.0.5oromonbusa HAH Ykpainu, Kni, YkpaiHa.

NanikoBa-bpuriHcbka TeTaHa - BigAin 3aranbHoi Ta MonekynsipHoi natodisionorii, IHCTUTYT disionorii
imeHi O.0.boromonbusa HAH YkpaiHn, Kuis, YkpaiHa.

FoHuapoB Cepriin - Bigain 3aranbHoi Ta MonekynapHoi natodizionorii, IHCTUTYT dizionorii imeHi
0.0.boromornbuga HAH YkpaiHn, Knis, YkpaiHa.

w Hikonaes Bonogumup Mpuroposuny - un.-kop. HAH YkpaiHu, npodecop, 4-p Mea. Hayk, 3aBijyBay
E)-] BiAAiny 3acobiB Ta MeToAiB COpbLiHOI Tepanii, IHCTUTYT ekcnepmMeHTabHOI MaToNorii, OHKONOTIi i pagio-
=z 6ionorii imeHi P.€. KaBeubkoro HAH YkpaiHu, Knis, YkpaiHa.
H [oceHko BikTop EBreHoBUY - Npodecop, A-p MeA. Hayk, 3aBifyBau Biainy 3aranbHOI Ta MONEKYASPHOT
&) natodisionorii iHcTUTyTy disionorii imeHi O.0. Boromonbua HAH Ykpainu, Knis, YkpaiHa.
wn
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