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The aim of the present investigation is to study the level of plasma mtDNA as a potential marker of cardiomyo-
cyte damage in 2 and 4 h after subcutaneous injection of adrenaline and during the formed morphological al-
terations of the myocardium (3 days). Methods. Real time PCR. Male Wistar rats were used as the experimental
animals. Results. It was shown that during the increase in the activity of cytolysis biomarkers, at the first hours
after adrenaline injection, no reliable increase is observed in the level of free circulating blood mtDNA. A ten-
dency of 2.5-fold increase in this parameter was established at the third day after adrenaline injection during the
development of acute inflammatory process in the myocardium. On the whole, further researches are needed on
the dynamics of mtDNA level upon acute damage of the myocardium in experimental and clinical investigations
for unbiased estimation of the prospects of using the parameter in laboratory diagnostics.

Keywords: mitochondrial DNA, cardiovascular diseases, adrenaline myocarditis, cytolysis biomarkers.

Introduction. Cardiovascular diseases are currently one
of the major causes of mortality incidence increase in
developed countries. The efficiency of prevention and
therapy of acute ischemic damage of the myocardium
is determined by the potential of diagnostic screening
and monitoring techniques [1]. The utilization of the
currently known range of cytolysis biomarkers does not
always allow definite determination of patient state and
cardiac infarction cure option selection [2]. Therefore,
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the search for novel cardiomyocyte damage biomarkers
and their pathological basis is an urgent task [1]. A pro-
mising nonspecific marker of cytological processes is the
level of free circulating mitochondrial DNA (mtDNA)
of blood plasma. The level of free and cellular blood
mtDNA was established to be a criterion for disease
complication and mortality prognosis in different patho-
logical processes (tumors, bacterial meningitis) [3—5].
Currently, the dynamics of this parameter remains un-
explored for cardiovascular diseases. Despite the lack of
tissue specificity, the possibility to utilize this parame-
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Fig. 1. Activity of cytolysis biomarker enzymes during adrenaline myocarditis: 4 — creatine kinase; B — creatine phosphokinase-MB; C — lactate
dehydrogenase; D — aspartate transaminase; *p < 0.05 versus control group

ter in addition to the cardiospecific cytolysis biomar-
kers for acute and chronic cardiovascular disease diag-
nostics and prognosis is of scientific and practical inte-
rest. Therefore, the aim of the present research is to in-
vestigate the level of plasma mtDNA as a potential mar-
ker of cardiomyocyte damage during the first hours of
adrenaline myocarditis modeling and upon developed
morphological alterations in the myocardium.

Materials and methods. Male Wistar rats were used
as the experimental animals that were divided into two
groups: 1) control (n = 6, subcutaneous injection of the
physiological solution); 2) experimental myocarditis
(n =18, subcutaneous injection of 0.2 mg of adrenaline
hydrochloride per 100 g of animal body weight). The
animals were sacrificedin2 h (n=06),4h (n=06), and 3
days (n = 6); blood was collected and autopsy was per-
formed [6].

Blood of the experimental animals stabilized with
nitrate citrate was used to obtain blood plasma free of
thrombocytes [3]. DNA was extracted from blood using
the DN A-probe reagent kit («<DNA-technology», Russia).
Quantitative analysis of mtDNA was performed using
the real time PCR approach with the iCycler 1Q4 amp-
lifier («Bio-Rad», USA) and DTlite («DNA-technolo-

gy»). The 16S RNA fragment (direct primer: 5'-TGCA
GAAGCTATTAATGGTTCG-3', reverse primer: 5'-T
TGGCTCTGCCACCCTAATA-3") was amplified [4].
A reaction mixture containing SYBR Green (MaximaTM
SYBR Green/ROX qPCR Master Mix — «Fermentas,
Lithuania) was used for real time PCR. All the manipu-
lations with the experimental animals were conducted
according to the regulations for experimental research
(Ministry of Health, Soviet Union, Order of August 12,
1977, N 755). The results were analyzed using non-pa-
rametric statistics and median, and quartiles were calcu-
lated; intergroup differences were assessed with the
Mann-Whitney and Kraskel-Wallace criteria.
Results and discussion. In 2 h after adrenaline in-
jection, statistically reliable increase (p < 0.05) was re-
corded in the activity of cytolysis biomarker enzymes:
creatine kinase (120 %), creatine phosphokinase-MB
(150 %), lactate dehydrogenase (130 %), and aspartate
transaminase (140 %) in the blood of the experimental
animals. The values of creatine kinase, lactate dehyd-
rogenase, and aspartate transaminase activity continued
to increase reliably for 4 h (Fig. 1). The data obtained
definitely evidence to the occurrence of cardiomyocyte
damage after adrenaline injection at these points of the
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Fig. 2. Alterations in the level of free circulating blood mtDNA during
adrenaline myocarditis; *p = 0.16 versus control group

experiment. The level of free circulating plasma mtDNA
had no statistically reliable difference from the control
group in 2 and 4 h after adrenaline injection (Fig. 2).

In 3 days, the myocardium of the animals with adre-
naline injections was characterized by marked myocar-
ditis symptoms: multiple lysis focuses of muscle fibers
infiltrated with macrophages were observed on the pre-
parations stained with the hematoxylin and eosin (Fig.
3,). The focuses of inflammation were found both in
the central part of the myocardium and in direct contact
with the endocardium and pericardium. Myocardium
infiltration with macrophages was focal in some cases.
In the experimental group, the activity of cytolysis
biomarkers decreased and virtually had no difference
from the values of the control group at this period. Ne-
vertheless, it was registered 2.5 fold increase in free
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Fig. 3. Development of morphological alterations in the myocardium
at the third day after adrenaline injection. The lysis focuses of myo-
cardium fibers infiltrated with macrophages (arrow)
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plasma mtDNA level in the experimental animals as
compared to the control subjects under 3 days of experi-
mental myocarditis modeling (p = 0.16). It is likely that
detailed analysis of mtDNA level dynamics is needed
between 4 and 72 h of myocarditis modeling as well as at
later periods after adrenaline injection for unbiased in-
terpretation of the obtained data.

Thus, during the first hours after adrenaline injec-
tion, no reliable increase occurs in the level of free circu-
lating mtDNA, due to its potential efflux from the dama-
ged tissues. A tendency was observed of increase in this
parameter at the third day after injection during acute in-
flammatory process development in the myocardium.

Conclusion. The data obtained evidence to the fact
that despite strong efflux of cytolysis biomarkers from
the damaged myocardium in 2 and 4 h after subcutane-
ous adrenaline injection, no increase occurs in the level
of free circulating blood mtDNA of the experimental
animals. This fact excludes the possibility to employ this
parameter for cell damage monitoring at these periods of
adrenaline myocarditis. Relatively insignificant increase
in this parameter is observed at the third day after adre-
naline injection upon a decrease in cytolysis marker ac-
tivity and the development of acute inflammation pro-
cess in the myocardium. Possible explanation for the in-
crease in mtDNA level observed at the third day of the
experiment is mtDNA release from the polymorpho-
nuclear phagocytes in the form of extracellular traps,
when inflammation is activated in the damaged myocar-
dium [7]. This possibility is of interest for the construc-
tion of techniques for inflammation process after acute
ischemic myocardium damage and requires further in-
vestigations. It is undoubtedly that the characterized
points of adrenaline myocarditis development are not
sufficient for the objective representation of possible alte-
rations in mtDNA level. One more probable cause of
the obtained results can be the insufficiency of myocar-
dium damage induced in this experiment that predeter-
mines to perform ligation of coronary arteries.

All the above stated facts make it urgent to explore
in detail the dynamics of this parameter during acute da-
mage and inflammatory processes in the myocardium
in experiment and clinics that will later favor the deve-
lopment of novel techniques for acute myocardium da-
mage and diagnostics.
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PiBens mitoxonapiansraoi JIHK mmasmu kposi 3a roctporo

TIOIIKO/KCHHS Mioxap)la B eKCHCpI/IMCHTi

Pestome

Mema. Buguumu pieenv mm/{HK naazmu Kpogi ik MOJICIUBO20 MapKe-

Pa nowkooxcers Kapoiomioyumuie uepes 2 i 4 200 nicis niowKipHoi

iH exyii adpeHaniny ma Ha oni cpopMOBaAHUX MOPGPHONOCIYHUX 3MIH
miokapoa (3-ms 0oba). Memoou. Ilonimepasna nanyio2osa peaxyis y

peanvHomy uaci. B excnepumenmax UKOPUCMAHO camyie wypie ninii

Bicmap. Pesynemamu. [loxkazaro, wjo nopsio i3 36i1bUUeHHAM AKMUEHO-
cmi 6iomapkepis yumonizy 6 neputi 200UHU NiCJIsL 66e0CHHsL AOPEHANIHY
CYMmeg020 niosueH s pieHs 8libHO yupkymoouoi mm/IHK kpoei He
6i06ysaemuvcsi. Bcmarnogieno menoenyiio 00 2,5-pazoeo2o 3p0cmamnisi
0aH020 NOKA3HUKA HA 3-mi0 000y nicis in Kyii aOpeHaniny Ha ¢hoHi po3-
BUMKY 20CMPO20 3aNAlbHO20 npoyecy 6 miokapoi. Bucnosku. Y yinomy
01 06 €KMUBHOI OYIHKU NEPCREeKmus Ybo2o NOKA3HUKA Y 1abopamop-
Hill diaeHocmuyi iHgapkma miokapoa HeobXIOHO nOOaIbULEe BUBYEHHS
ounamiku pieus mm/{HK npu cocmpux ypasicennax miokapoa 6 ekcne-
PUMEHMATbHUX | KIAIHIYHUX O0CIIONCEHHSIX.

Kurouosi crnosa: mimoxonopianvna JIHK, cepyeso-cyounni 3axeo-
PIO8aHHs, A0pPeHaninoguil MIOKapoum, Oiomaprepu Yyumomizy.
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VYposenb MutoxonapuansHoil JIHK miazmel kpoBu npu octpoM
MTOBPEXICHUN MUOKap/a B SKCIIEPUMEHTE

Pestome

Llenv. Usyuums yposenv mm/JHK niazmuvl Kposu Kax 603MOHCHOZO
Mapkepa nogpexicoeHull Kapouomuoyumos yepes 2 u 4 4 nocie noo-
KOMCHOU UHbEKYUU AOPEeHANUHA U HA (POHEe CHOPMUPOBAHHBIX MOPPO-
Jl02udeckux usmeneHutl muoxapoa (3-u cym). Memoowt. Ilonumepasnas
yenuas peakyust 8 peaibHOM 8pemenu. B sxcnepumenmax ucnonw3osa-
U camyog kpwic tunuu Bucmap. Pesynemamet. [lokasano, umo napsoy

¢ ysenuyeHuem akmugHoCmu GUOMAPKEPO8 YUMou3d 6 nepevle Yacol
nocie 66e0enust A0PEHANUHA 3HAUUMO20 NOBLIUUEHUSL YPOBHS C80O0OHO
yupxynupyiower mm/JHK kposu ne npoucxooum. Ycmanoenena men-
denyus K 2,5-Kpamnomy 6o3pacmanuio 0anHo2o noxasamens Ha 3-u
cym nociie UHbeKYyuu a0peHanuna Ha Qone pazeumus 0Cmpo20 60c-
nanumenbHo2o npoyecca 6 muokapoe. Bvieoowt. B yenom onsn 06vex-
MUBHOU OYeHKU NEPCNEeKMUE INO20 NOKA3amens 8 1a0opamopHoil Ou-
acHOCmuKe UHQApKma Muokapoa Heobxooumo OdibHeuulee u3yUeHu-
en ounamuxu yposs mm/IHK npu ocmpuix nospesicoenusx muokapoa
6 IKCNEPUMEHMATLHBIX U KIUHULECKUX UCCTe008ANHUSIX.

Knwouesvie cnosa: mumoxonopuanvuas /JHK, cepoeuno-cocyou-
cmole 3a601e6aHUs, AOPEHATUHOBLI MUOKAPOUM, buoMapKepbl Yu-
moau3sa.
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