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MODULATORY  EFFECTS OF PORCINE CARDIAC
CRYOEXTRACT ON GLYCOGENOLYSIS IN EXPERIMENTAL
MODELS OF MYOCARDIAL DYSTROPHY

Background. Myocardiodystrophy represents a severe metabolic
disturbance in the cardiac muscle, leading to structural and functional
alterations in cardiomyocytes and impaired cardiac performance. One of
the key pathological mechanisms is the disruption of glycogenolysis,
which negatively impacts myocardial energy metabolism. Considering the
critical importance of maintaining energy homeostasis in the heart,
biologically active substances derived from cryopreserved xenogeneic
heart fragments emerge as a promising therapeutic avenue.

Objective. To investigate the effects of an extract from cryopreserved
piglet heart fragments on glycogenolysis activity in cardiomyocytes and
its potential therapeutic impact in a model of adrenaline-induced
myocardiodystrophy (AMD).

Methods. The study involved 84 outbred male rats (250-300 g)
maintained under standard vivarium conditions. AMD was induced using
a single subcutaneous injection of 0.18% adrenaline tartrate solution at a
dose of 5 mg/kg. The experimental group received daily intraperitoneal
injections of the extract at 50 pg of peptides per 100 g of body weight for
14 days. The control group was administered an equivalent volume of
0.9% sodium chloride solution. Amiodarone (10 mg/kg, intramuscularly)
served as a reference drug. Heart tissue homogenates were analyzed post-
decapitation. Glycogen content was measured using the glucose oxidase
method, and glucose-6-phosphate (G-6-P) levels were determined
spectrophotometrically using the hexokinase method.

Results. On day 2, rats treated with the extract showed a glycogen
level of 3.1+0.14 mg/g (95% CI: 2.8-3.4), a 48.3% increase compared to
controls (p=0.007). In the amiodarone group, glycogen reached 4.2+0.06
mg/g (95% CI: 4.1-4.3), a 99.3% increase over controls (p<0.001), yet
lower than that in the extract group. By day 14, extract-treated rats
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exhibited a glycogen level of 8.0£0.30 mg/g (95% CI: 7.4-8.6), up
156.4% from day 2 (p=0.01) and 61.1% from day 7 (p=0.01).

On day 14, G-6-P levels in the control group were 0.79 [0.77-0.86]
pmol/g, representing a 75.6% increase from day 2 (p=0.01) and 38.6%
from day 7 (p=0.05). In the extract group, G-6-P levels reached 0.80
[0.79-0.81] pmol/g, a 56.9% rise from day 2 (p=0.01) and 25.0% from
day 7 (p=0.01). The amiodarone group showed G-6-P levels of 0.82
[0.81-0.82] umol/g, a 57.7% increase from day 2 (p=0.01) and 24.2%
from day 7 (p=0.01).

Conclusions. The extract from cryopreserved piglet heart fragments
demonstrated a significant corrective effect on carbohydrate metabolism
disorders in the myocardium of rats with adrenaline-induced
myocardiodystrophy. This includes normalization of glycogen and G-6-P
levels, highlighting its potential as a therapeutic agent for myocardial
ischemic and hypoxic conditions.

Keywords: extract of cryopreserved heart fragments, adrenaline-
induced myocardiodystrophy, glycogenolysis, glucose-6-phosphate.
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KPIOEKCTPAKT CEPLIA SIK MOAYJIATOP I'NIIKOI'EHOJII3Y B
YMOBAX EKCIHIEPUMEHTAJIBHOI MIOKAPIIOIUCTPO®II

AkTtyanpHicTb. Miokapaioguctpodis € cepio3HHM MOPYIICHHIM
OOMiHY PEYOBHH y CEpLEBOMY M’s3i, IO NPH3BOIUTH JO CTPYKTYPHO-
(DYyHKIIOHATPHUX 3MiH y KapAiOMIONUTaX Ta MOPYIICHHS HOPMAJBHOI
poboTu ceprt. OXHUM i3 KITFOYOBHX ACIEKTIB MATOJIOTII € MOPYIICHHS
MPOIIECIB ITIKOTCHOJII3Y, 110 HEraTHMBHO BIUIMBAE HA CHEPTCTHYHUN OOMIH
I ITPUMKH

MioKap/a. BaKJIUBICTh

EHepreTHYHOro OaNaHcy B Cepli, OJHUM I3 MEPCHEKTUBHUX HAIPSMIB €

BpaxoByrouu HOPMAaJIbHOTO

BUKOPUCTaHHs ~ OIOJIOTYHO  aKTHBHHX  PEYOBHH, OTPUMaHUX 3
KPiOKOHCEPBOBAHUX (DParMEHTIB KCEHOI€HHUX Cep/iellb.

Meta po6oTH — BHUBYCHHS BIUIMBY EKCTPaKTy KPIOKOHCEPBOBaHMX
(parMeHTIB  cepus  TOPOCAT Ha
KapIioMiOIMTax Ta HOro MOTCHIIHHNI TeparneBTHIHUN eheKT Ha MOJei
anpeHaniHoBoi Miokapaioauctpodii (AM).

Marepianu Ta meToau. ExciepuMeHTaNBHI JOCIIIKSHHS TPOBEICHI

aKTHBHICTb  TJIKOTEHONI3y B

Ha 84 HeniHIHHMX Hypax-camix Macoro 250-300 r, ski yTpUMyBaJIUCh Y
CTaHIapTHUX yMoOBax BiBapito. AMJ] MojemroBanu 3a METOAMKOIO
MapkoBoi O.0. HUIIXOM OJHOPA30BOrO MiAUIKIPHOTO (I/M) BBEACHHS
0,18% po3uuHy aapeHaJiHy TapTpary B 1031 5 MI/KI Macu Tija.
ceps
BHYTPILIHROOYEPEBHO 3 po3paxyHKy 50 mkr mentuaiB Ha 100 r macu
TBapUHHU IIOAEHHO TpOTsroM 14 nHiB. TBapuHM KOHTPOJBHOI TIPYIH
OTpUMYBaN €KBioO’eMHy KinbKicTh 0,9% po3umHy Hatpito xjopuny. B
AKOCTI pedepeHc-Tpenaparty ob6paHo amiomapoH (10 wr/kr, B/M).
MarepiaoM JOCHIJPKEHHSI BUCTYNAJIM T'OMOTE€HAT TKaHWH CepIsl MIypiB

KpiokoncepBoBaHi ¢parmMeHTH IIOPOCST BBOJIUIIN

micis  AeKamiTarii TBapuH. MarepiaioM JOCTIDKeHHS BUCTYIAIH
TOMOTE€HAaT TKAaHWH CepI IIypiB MICHIsA JAeKamiTamii TBapuH. Bwmict
TJIIKOTE€HY BU3HAYAJM TITFOKO300KCHIA3HUM METOJIOM. BMICT riTrok030-6-
dochary (I'-6-®) y TkaHWHAX cepisd BU3HAYAIN CHEKTPOPOTOMETPUIHO
TeKCOKIHA3HUM METOJIOM.

Pe3yabTaTn Ta ix 00roBopeHHsi. Y TpyIi IIypiB, SKMM BBOJIWIN
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EKCII, piBenp rimikoreny Oys 3,1+0,14 mr/v (95% MI: 2,8-3,4), mo Ha
48,3% Oumpmre, HiK y KOHTpompHHMX mIypiB (p=0,007). Y rpym 3
aMiOJJapOHOM piBEeHb TIiKOreHy cTaHoBuB 4,2+0,06 mr/r (95% AI: 4,1-
4,3), mo Ha 99,3% O6inpme mopiBHsIHO 3 KoHTpoieM (p<0,001), ane OyB
mermmM, Hik B Tpyni EKCII. Ha 14 nens y rpymni mypiBs, sIKi OTpEMYyBaIn
EKCII, piens rmikoreny 0yB 8,0+0,30 mr/r (95% Al: 7,4-8,6), mo Ha
156,4% Oinpme mopiBasiHO 3 2 nmueMm (p=0,01) ta Ha 61,1% Oinblue
nopiBHsHO 3 7 qHeM (p=0,01).

Ha 14 nenw piBenp [-6-® y kontposibHux mrypis oy 0,79 [0,77;
0,86] MxMOJIB/T, 1110 Ha 75,6% Oinbiie mopiBasAHO 3 2 aHeM (p=0,01) Ta Ha
38,6% Oumpiie mopiBHsHO 3 7 guem (p=0,05). ¥V rpymi miypis, ski
orpumyBamu EKCII, pisens I-6-® cranosus 0,80 [0,79; 0,81] MxMoIs/T,
mo Ha 56,9% Oinpnie nopisHsaHO 3 2 qHeM (p=0,01) Ta Ha 25,0% Oinpme
nopiBHsHO 3 7 aaeM (p=0,01). Y rpymi 3 amiogapoHoM piBeHb [-6-O OyB
0,82 [0,81; 0,82] mxmous/T, o Ha 57,7% Oinmblne TOPIBHSHO 3 2 IHEM
(p=0,01) Ta Ha 24,2% 6inpme nopisHsaHO 3 7 qHeM (p=0,01).

BucHoBku. PesynbraT mocnimkeHHs BKasytoTh Ha Te, mo EKCII
Ma€ BUPAKEHY KOPUTYBAJIBHY JIil0 Ha MOPYLICHHs BYIJIEBOJHOrO OOMiHY
B cepui 1ypiB 3 mozemwmo AMJI. Lleii edexT BkiIroyae HopMmaizalliio
piBHs rutikoreny i I'-6-®, mo poouts EKCII nepcriekTHBHEM mpenapaTom
JUTSL JTIKyBaHHs [IATOJIOT1H, OB sI3aHKX 3 1IIEMI€I0 Ta TIMOKCi€r0 MioKapa.

Kiio4oBi c10Ba: eKCTpakT KpiOKOHCEPBOBAaHHX (DparMeHTIB Ceplisd,
aJipeHaNIiHOBAa MiOKapIioaucTpodis, TIIIKOTEHOITI3, TIIF0K030-6-(ocdart.

Aemop, e¢ionogioanvnuii 3a aucmyeanns: M. O. Yuxc, Incmumym npobrem Kpiobionorii i KpiomeOuyuHu
Hayionanvnoi akademii nayx Yxpainu, m. Xapkis, Ykpaina

e-mail: n.chizh@ukr.net

INTRODUCTION

Despite the activation of glycogenolysis, prolonged

Myocardial
disturbances in

dystrophy is accompanied by

myocardial energy metabolism,
ultimately leading to a decline in the heart’s ability to
perform its pumping function. One of the key processes
regulating energy metabolism in the heart is
glycogenolysis — the breakdown of glycogen into
glucose, which serves as an energy source for cells. In
the context of myocardial dystrophy, glycogenolysis in
the myocardium becomes a critical aspect for studying
metabolic disturbances. Under normal physiological
conditions, the heart primarily relies
metabolism for energy production; however, during
ischemia or hypoxia, a shift toward anaerobic glycolysis
occurs. This metabolic shift is accompanied by the

on aerobic

activation of glycogenolysis to ensure energy supply to
the myocardium [1].

During ischemia or hypoxia, the heart experiences
elevated levels of catecholamines and cyclic AMP
(cAMP), which stimulate the activity of phosphorylase
A, the key enzyme of glycogenolysis. This facilitates
glycogen mobilization to meet the myocardium’s energy
demands [2]. In the setting of myocardial dystrophy,
this process may be impaired, further exacerbating the
functional state of the heart.

ischemia leads to a rapid depletion of glycogen stores.
This results in decreased levels of ATP and creatine
phosphate, thereby impairing myocardial function.
Intracellular acidosis caused by lactate accumulation
inhibits the activity of key glycolytic enzymes, such as
phosphofructokinase. The resulting energy deficit
disrupts membrane permeability, promoting the efflux
of ions—particularly potassium—from the cell and the
release of intracellular enzymes, potentially contributing
to further myocardial damage [3].

Pharmacological interventions aimed at normalizing
metabolic processes may have a beneficial effect on
myocardial function [2]. Several studies suggest that the
use of certain drugs can modulate myocardial
metabolism. For instance, thiotriazoline exhibits
antioxidant and membrane-stabilizing properties, which
may contribute to the restoration of energy metabolism
in the heart. At the same time, carvedilol, when used in
combination with thiotriazoline, has been shown to
reduce the activity of glycolytic enzymes, indicating a
potential optimization of myocardial energy supply [4].

Amiodarone is known for its cardioprotective
properties, which may influence metabolic processes in
the heart, including glycogen mobilization. Although
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the direct effect of amiodarone on glycogenolysis in
myocardial dystrophy has not been thoroughly
investigated, there is indirect evidence of its impact on
cardiac metabolism. Amiodarone may affect both cardiac
hemodynamics and cellular metabolism, which in turn
could modulate glycogen mobilization in
cardiomyocytes.

In the search for effective therapeutic strategies to
correct metabolic disturbances in the heart, one promising
approach involves the use of biologically active
substances of natural origin, particularly extracts derived
from cryopreserved mammalian organ fragments [5, 6].
Extraction using appropriate techniques allows for the
preservation of the biological activity of the components,
opening new for the development of
pharmacological agents with high bioactivity. Cardiac
tissue cryoextracts contain a broad range of bioactive
molecules capable of exerting regulatory effects on
metabolic processes, including glycogenolysis.

The investigation of the efficacy of extracts derived
from cryopreserved porcine heart fragments (ECPH) in

avenues

the context of myocardial dystrophy, particularly their
influence on glycogenolysis, represents a relevant and
promising area of cardiological research, as it may lead to
the development of novel therapeutic approaches for
cardiovascular diseases.

The aim of the study was to examine the effect of the
extract from cryopreserved porcine heart fragments on
glycogenolysis activity in cardiomyocytes and to assess
its potential therapeutic impact in an experimental model
of adrenaline-induced myocardial dystrophy (AMD).

MATERIALS AND METHODS

Experimental studies were conducted on 84 outbred
male rats weighing 250-300 g, which were housed under
standard vivarium conditions.

Adrenaline-induced myocardial dystrophy (AMD)
was modeled according to the method described by O.O.
Markova (1998) by a single subcutaneous (s.c.) injection
of 0.18% adrenaline tartrate  solution (PJSC
“Pharmaceutical Firm Darnitsa,” Ukraine) at a dose of 5
mg/kg body weight [7].

Cryopreserved porcine heart fragments were obtained
according to the protocol described in [5]. The
concentration of peptides in the extracts was determined
spectrophotometrically at a wavelength of 280 nm. The
final peptide concentration in the extract was 0.1 mg/mL.
The porcine heart extracts administered
intraperitoneally at a dose of 50 pg of peptides per 100 g
of body weight once daily for 14 days.

Animals in the control group received an equivalent
volume of 0.9% sodium chloride solution (NaCl,

WwEre

Galichpharm, Ukraine).
Amiodarone (10 mg/kg, intramuscularly; Sanofi-
Aventis, Ukraine) was selected as the reference drug due

to its well-documented profile of pleiotropic
cardioprotective  effects. Although amiodarone is
classified in clinical practice as a class III antiarrhythmic
agent according to the Vaughan Williams classification
(1970) and is primarily used in patients with structural
myocardial damage (e.g., left ventricular hypertrophy,
myocardial infarction, or heart failure with reduced
ejection fraction), a number of experimental studies have
demonstrated its ability to modulate not only
electrophysiological but also metabolic processes in
cardiomyocytes [8]. Specifically, amiodarone exerts anti-
ischemic effects, reduces oxidative stress, stabilizes
cellular membranes, influences calcium homeostasis, and
may contribute to the preservation of intracellular
glycogen under hypercatecholaminemic conditions.

The choice of amiodarone as a reference compound in
the model of adrenaline-induced cardiomyopathy is
justified by its pathophysiological relevance: this model
is characterized by excessive PB-adrenergic stimulation,
hypermetabolic stress, ischemia-reperfusion injury, and
energy deficit — all of which represent conditions under
which amiodarone is known to exert protective effects.

The material for analysis consisted of rat heart tissue
homogenates obtained after decapitation. Glycogen
content was determined using the glucose oxidase
method [9]. The level of glucose-6-phosphate (G-6-P) in
heart tissue was measured spectrophotometrically using
the hexokinase method. In this reaction, glucose is
converted by hexokinase in the presence of ATP into G-
6-P, which is subsequently transformed into 6-
phosphoglucono-D-lactone by G-6-P dehydrogenase. The
amount of NADPH generated in this reaction is
proportional to the glucose content in the sample and is
determined by measuring light
wavelength of A = 340 nm. The G-6-P content was

absorbance at a
expressed in pmol/g [10].

All experimental procedures involving laboratory rats
were carried out in accordance with the Law of Ukraine
“On the Protection of Animals from Cruelty” No. 3477-
IV dated February 21, 2006, the General Ethical
Principles for Animal Experiments approved by the First
National Congress on Bioethics of Ukraine (Kyiv, 2001),
as well as other applicable national and international
regulations.

The comprehensive research protocol was reviewed
and approved by the Bioethics Committee at the Institute
for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (extract from
Protocol No. 2, dated 3™ January 2022).

Statistical Analysis. Statistical processing of the
obtained data was performed using the Microsoft Office
Excel spreadsheet software. The distribution of
variables within each sample group was assessed using
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the Shapiro—Wilk W-test. Homogeneity of variances
was evaluated using Levene’s test.

In cases of normal distribution, the data are presented
as “M+m” (M+SE), where M is the arithmetic mean
and m (SE) is the standard error of the mean. The 95%
confidence interval (CI) is provided as 5%—95%, where
95% ClI refers to the 95% confidence interval.

RESULTS

Biochemical analyses demonstrated that on day 2 of
the experiment, the glycogen level in the cardiac tissue
of untreated control rats was reduced to 2.1 +0.28 mg/g
(95% CI: 1.5-2.7), representing a 79.3% decrease
compared to intact rats (10.1£0.26 mg/g, p<0.001)
(Figure 1A).

In the group of rats treated with the extract of
cryopreserved porcine heart (ECPH), the glycogen level
was 3.1+0.14 mg/g (95% CI. 2.8-3.4), which was
48.3% higher than in the control group (p =0.007).

In the amiodarone-treated group, the glycogen
content reached 4.2+0.06 mg/g (95% CI: 4.1-4.3),
which was 99.3% higher compared to the control group
(p<0.001), but still lower than in the ECPH group.

On day 7 (Figure 1B), the glycogen level in the
control group increased to 4.2+0.19 mg/g (95% CI:
3.8-4.6), which was 100.7% higher compared to day 2
(p=0.009). In the group treated with ECPH, the
glycogen level reached 5.0 +0.22 mg/g (95% CI: 4.5—
5.4), representing a 17.6% increase relative to the
control group (p=0.03). In the amiodarone group, the
glycogen content was 7.0 +0.49 mg/g (95% CI: 6.0—

mg/g A mg/g B
12 12
N 10,1 [
10 = 10 frotd -
L $ ]
F [ 7,0
8 I 8 I
6 " 6 ; 2" 50
e 42 ’ ="
4 . 3.1 4 fo ————
21 = —
P R S— = 2 f
0 0
Intact rats Control AMD + porcine AMD + Intact rats Control AMD + porcine AMD +
(untreated  heart fragment Cordarone (untreated  heartfragment = Cordarone
AMD) extract AMD) extract
mgl/g c Fig. 1. Effect of cryopreserved porcine heart fragment extract on
12 5 myocardial glycogen levels in rats with adrenaline-induced myocardial
F i mA
10 f 4 9i,o dﬁtropng’ymgg —84; A—day 2, B—day 7, C— day 14
L T 8.0 (Mxm, 95% CI, n=84, A—day 2, B—day 7, C—day 14)
8 Notes
6v2 oA I—_l—‘ ) ) ) o )
1. The distribution of values within each sample group is normal.
6 [ * 2. Boxes represent the standard error of the mean; vertical whiskers
4 indicate the 95% confidence interval.
3. The horizontal line within the box represents the arithmetic mean.
2 4. e —p<0.05vs. intact animals.
5. m—p<0.05vs. untreated AMD animals (control group).
0 - 6. A —p<0.05vs. day 2 of the experiment.
Intact rats Control AMD + porcine AMD + . .
(untreated  heart fragment  Cordarone 7. @ —p <0.05 vs. AMD animals treated with the reference drug
AMD) extract Cordarone

7.9), which was 65.8% higher than in the control group
(p<0.001).

On day 14 (Figure 1C), the glycogen level in
untreated rats (control group) reached 6.2 +0.37 mg/g
(95% CI: 5.4-6.9), which was 193.9% higher compared
to day 2 (p=0.01) and 46.4% higher than on day 7
(p=0.01). In the group treated with ECPH, the
glycogen level was 8.0+ 0.30 mg/g (95% CI: 7.4-8.6),
representing a 156.4% increase versus day 2 (p=0.01)
and a 61.1% increase versus day 7 (p=0.01). In the
amiodarone-treated group, glycogen content was
9.0+0.31 mg/g (95% CI: 8.4-9.6), which was 115.0%
higher than on day 2 (p=0.01) and 28.8% higher than
on day 7 (p=0.01).

Thus, administration of ECPH extract significantly
increased glycogen levels in rat cardiac tissue at various
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stages of the experiment. The effect of ECPH was
evident throughout the study and was nearly comparable
to that achieved with amiodarone.

The evaluation of the effect of cryopreserved
porcine heart extract (ECPH) on glucose-6-phosphate
(G-6-P) levels in rat cardiac tissue under the model of
adrenaline-induced myocardial dystrophy (AMD)
demonstrated that on day 2, the G-6-P level in the
untreated control group was 0.45 [0.36; 0.47] umol/g,
which was 43.0% lower compared to intact rats (0.79
[0.74; 0.87] pmol/g, p=0.001) (Figure 2A). In the
group treated with ECPH, the G-6-P level was 0.51
[0.51; 0.54] pmol/g, which was 13.3% higher than in
the control group (p=0.004). In the amiodarone group,
G-6-P levels reached 0.52 [0.52; 0.54] pumol/g, also
15.6% higher than in controls (p =0.001).

On day 7 (Figure 2B), the G-6-P level in the control
group increased to 0.57 [0.53; 0.80] pmol/g,
representing a 26.7% increase compared to day 2
(p=0.009). In the ECPH-treated group, the G-6-P level

reached 0.64 [0.64; 0.65] umol/g, 12.3% higher than in
controls (p=0.3). In the amiodarone group, G-6-P
levels were 0.66 [0.63; 0.70] umol/g, showing a 15.8%
increase relative to the control group (p =0.3).

On day 14 (Figure 2C), the G-6-P level in control
rats was 0.79 [0.77; 0.86] pmol/g, which was 75.6%
higher compared to day 2 (p=0.01) and 38.6% higher
than on day 7 (p=0.05). In the group treated with
ECPH, the G-6-P level was 0.80 [0.79; 0.81] pmol/g,
representing a 56.9% increase compared to day 2
(p=0.01) and a 25.0% increase compared to day 7
(p=0.01). In the amiodarone group, the G-6-P level was
0.82 [0.81; 0.82] umol/g, 57.7% higher compared to day
2 (p=0.01) and 24.2% higher than on day 7 (p=0.01).

Thus, administration of the extract of cryopreserved
porcine heart fragments led to an increase in glucose-6-
phosphate levels in rat cardiac tissue at all stages of the
experiment, indicating a positive metabolic effect of this
agent against the background of changes induced by
adrenaline-induced myocardial dystrophy.

umol/g A umol/g B
14 10 ¢
1,2 E 09 |
i 08 f
R 0,79 07 [
0.8 & 06 F
’ H [] L] E
o 0,51 0,52 05 F
0.6 I [ Cpe———— 04 f
VR SS— 03 [
0.2 : 02 ¢
T 01 [
00 ¢t 0,0 ¢
Intact rats Control AMD + porcine AMD + Intact rats Control AMD + porcine AMD +
(untreated AMD) heart fragment Cordarone (untreated AMD) heart fragment Cordarone
extract extract
pmolig C Fig. 2. Effect of cryopreserved porcine heart fragment extract on
1.2 glucose-6-phosphate (G6P) levels in rat myocardium in the model
R A of adrenaline-induced myocardial dystrophy, pmol/g
1.0 083 075 580 082 (Me [LO; UQ], n=84; A—day 2, B—day 7, C—day 14)
08 :&E* Notes
r 1. The data distribution is non-normal.
0,6 | 2. Boxes represent the interquartile range (25th to 75th
percentiles); vertical whiskers indicate minimum and
04 | maximum values.
r 3. The horizontal line within the box represents the median.
0.2 . 4. ¢ inside the box denotes the mean value.
0.0 " 5. e —p<0.05 vs. intact animals.
' Intact rats Control AMD + porcine AMD + 6. m—p<0.05vs. untreated AMD animals (control group).
(untreated AMD) hea::t’;gc':'e"t Cordarone 7. A —p<0.05vs.day 7 of the experiment.
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DISCUSSION

It was established that adrenaline-induced
myocardial dystrophy (AMD) is associated with marked
disturbances in carbohydrate metabolism, manifested in
particular by a significant decrease in myocardial
glycogen levels at the early stages of the pathological
process. This dynamic is characteristic of conditions
accompanied by hypercatecholaminemia, impaired
autonomic regulation, and the activation of stress-
induced metabolic imbalance, which is typical of both
toxic and ischemic myocardial injuries [11].

The rapid depletion of energy substrates, primarily
glycogen, results from the activation of catabolic
pathways triggered by excessive adrenaline, which—
through elevated cyclic AMP—stimulates
glycogenolysis inhibits glycogenesis, thereby
increasing glucose consumption and reducing its storage
[12]. Moreover, glycogen deficiency in cardiomyocytes
impairs the capacity for anaerobic energy production
under ischemic conditions, further exacerbating
metabolic disintegration and increasing the risk of

and

structural cellular damage.

Against this background, administration of the
ECPH extract led to a significant increase in myocardial
glycogen levels as early as day 2 of the experiment,
indicating early activation of mechanisms involved in
the normalization of glucose metabolism. Such efficacy
is consistent with the known properties of biologically
active tissue-derived preparations, which contribute to
the preservation of cell membrane integrity,
maintenance  of intracellular homeostasis, and
stabilization of enzymatic activity — factors that are
particularly important under conditions of oxidative
stress and metabolic imbalance [13].

The results obtained show that glycogen levels in
animals treated with ECPH remained consistently
elevated throughout the study period, as evidenced by
comparison with the control group, in which the values
remained significantly lower. This dynamic supports the
hypothesis that ECPH contributes to long-term
metabolic adaptation and reduction of energy
deficiency, aligning with current concepts regarding the
actions of tissue extracts under conditions of metabolic
stress [14].

Comparison with the reference drug, amiodarone,
demonstrated that it induced slightly higher glycogen
levels at all stages of the experiment. However, the
difference between the two groups gradually decreased
over time, suggesting a potential convergence in their
metabolic efficacy. Similar effects of tissue extracts —
capable of modulating both redox and energy
metabolism, particularly through the restoration of
mitochondrial function and activation of enzymatic
systems — have been repeatedly reported in the literature

[15]. These findings support the consideration of ECPH
as a promising metabolic modulator for cardiotoxic
injuries of various origins.

An additional indicator of carbohydrate metabolism
status is the concentration of glucose-6-phosphate (G-6-
P), the level of which reflects the activity of the
hexokinase step of glycolysis. It was found that in the
control group, a significant decrease in G-6-P levels was
observed as early as day 2 of the experiment, indicating
impaired glucose phosphorylation and the development
of metabolic exhaustion characteristic of ischemic
myocardial injury [16]. Conversely, administration of
ECPH led to an increase in G-6-P levels, which can be
interpreted as a restoration of hexokinase activity,
enhancement of glycolytic flux, and improvement of the
cell’s energy supply.

The dynamics of G-6-P levels in the groups treated
with ECPH or amiodarone were characterized by a
steady increase throughout the experimental period.
This indicates the prolonged action of both agents on
glucose metabolism, supporting the functional state of
cells under stress conditions [17].

The mechanisms underlying the effects of ECPH
may be attributed to the presence of short regulatory
peptides (RPs) that are part of the tissue matrix. These
peptides exhibit high biological activity and may act as
modulators of enzymatic systems, including those
involved in glucose metabolism, as demonstrated in
studies using extracts from other organs [18].

By day 14 of the experiment, both glycogen and G-
6-P levels in rats treated with ECPH were significantly
higher than those in the control group, indicating a
effect of the
preparation. Similar findings have been reported in a
model of doxorubicin-induced cardiomyopathy, where
placental cryoextracts contributed to the preservation of
cardiomyocyte functional activity by enhancing energy
supply and reducing signs of cellular damage [19].

Complementing these findings, results of ultrasound
investigations conducted on other experimental models
have shown that cardiac tissue extracts exert beneficial

sustained beneficial administered

effects on the morphofunctional characteristics of the
myocardium. These include the preservation of
ventricular wall thickness, improvement of ejection
fraction, and reduction of remodeling manifestations. A
correlation was established between the improvement of
structural parameters and the normalization of
biochemical markers of homeostasis — such as glycogen
and G-6-P levels—which supports the efficacy of
metabolic support strategies [20].

It is likely that the effects of ECPH are mediated
through a combination of antioxidant and metabolic
mechanisms, which is consistent with literature data
showing that placental extracts can reduce the intensity
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of lipid peroxidation, increase the activity of ATP-
dependent systems, and promote the restoration of energy
homeostasis under hypoxic or toxic conditions [21]. The
relevance of this approach is further supported by current
evidence on the cardioprotective effects of various anti-
inflammatory biologically active agents, including
disease-modifying drugs used in autoimmune disorders.
Their effects are mediated through the reduction of
oxidative stress, suppression of systemic inflammation,
and improvement of energy metabolism in
cardiomyocytes [22,23]. These results suggest that ECPH
may represent a potentially effective agent for correcting
energy deficits in toxic myocardial injury, with efficacy
comparable to that of modern pharmacological agents,
including amiodarone.

Thus, the presented data confirm the promise of using
ECPH as a cell-free biological agent within combined
therapeutic strategies for cardiotoxic conditions. Its
mechanisms of action are presumably associated with the
presence of short regulatory peptides (RPs), which,
according to current evidence, are capable of specifically
regulating the expression of genes involved in metabolic
stability, antioxidant defense, and structural integrity of
cells [24]. Such peptides are known to function as
signaling molecules capable of activating transcription in
specific regions of DNA, which is critically important for

PROSPECTS FOR FUTURE RESEARCH

tissue repair and maintenance of cellular viability. In the
context of cardiotoxic injury, this property enables not
only a rapid metabolic response but also sustained
preservation of myocardial functional activity, as
evidenced by the biochemical marker dynamics observed
in ECPH-treated rats.

CONCLUSIONS

1. Administration of ECPH to rats with
adrenaline-induced myocardial dystrophy (AMD)
resulted in a significant increase in myocardial glycogen
levels as early as day 2, reaching 3.1+0.14 mg/g —
48.3% higher compared to the control group (p =0.007),
indicating an early metabolic effect.

2. By day 14, glycogen content in ECPH-treated
animals reached 8.0+ 0.30 mg/g, representing a 156.4%
increase relative to day 2 (p=0.01) and a 61.1%
increase compared to day 7 (p=0.01), confirming the
pronounced dynamic efficacy of ECPH in restoring
myocardial energy reserves.

3. ECPH treatment led to a significant increase in
glucose-6-phosphate (G-6-P) levels in cardiac tissue: on
day 2 — by 13.3% compared to the control group
(p=0.004), and by day 14 — up to 0.80 [0.79; 0.81]
pmol/g, exceeding the day 2 value by 56.9% (p=0.01),
indicating a recovery of glucose metabolism in response
to ECPH.

The normalization of glycogen and glucose-6-phosphate (G-6-P) levels suggests that the extract of cryopreserved
porcine heart fragments is a promising candidate for the treatment of myocardial pathologies associated with ischemia
and hypoxia. The results of this experiment open new avenues for further research and potential clinical application of
the extract in the management of cardiovascular diseases.
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