International Journal of Medicine and Medical Research
2018, Volume 4, Issue 1, p. 83-88
copyright © 2018, TSMU, All Rights Reserved

DOI 10.11603/IJ]MMR.2413-6077.2018.1.9254

THE ALTERATION OF PRO- AND ANTI-INFLAMMATORY CYTOKINES
IN ADRENALINE-CALCIUM INDUCED MYOCARDIAL DAMAGE AND ITS
CORRECTION WITH QUERCETIN IN RATS

0. V. Denefil, A. M. Musiienko

I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Cardiac insufficiency is one of the main causes of morbidity and mortality in the world.

Objective. The aim of the study was to determine the content of interleukins in male rats with adrenaline-
calcium model of myocardial injury (ACM) and under correction by quercetin.

Methods. 743 Wistar male-rats aged 5-6 months were used in the experiments. The changes of interleukins
(IL-1beta, IL-2, 1L-4, IL-6, IL-10, TNF-alpha) content in blood serum in the development of heart injury by adrenaline
and calcium (AC) and use of quercetin for protection were studied. The period of investigation was in 1, 2, 24

hours, 3, 7, 14, 21, 28 days.

Results. In ACM model of myocardial injury TNF-alpha increased, IL-2, IL-4 decreased at each period of
investigation. IL-1beta increased in 2 and 3 days after the injury, at all other periods (except in 1 hour and 21
days) those indices were decreased. Also we observed similar wave changes of IL-6 and IL-10 content.

Injections of quercetin for 7 days caused a significant decrease of IL-2, IL-4, IL-10, and increase of IL-6. In 7
days of quercetin administration after AC-injury, decreased TNF-alpha was observed as well as increased IL-4,
IL-6, and IL-1beta rates. In 14 days, the increase of TNF-alpha, normalization of IL-10 to control was evidenced.
In 28 days, increased activation of IL-1beta, decreased content of TNF-alpha was fixed.

Conclusions. The development of adrenaline-calcium heart damage is accompanied by bright cytokine
wavelike reaction at different time points. Quercetin causes normalization of interleukins level.
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Introduction

Cardiac insufficiency is one of the main
causes of morbidity and mortality in the world.
One of the causes of its development is
myocardial infarction, when cardiomyocytes die
due to prolonged ischemia. Myocardial in-
farction is a dynamic process, which is accom-
panied by transition of reversible changes to
irreversible ischemic damage and completesin
replacement of the diminished part of myo-
cardium by a fibrous scar. Development of
fibrosis is a dysfunctional process in which
myofibroblasts, the main fibrous cellular
elements, are metabolically active and are able
to produce and upregulate cytokines; they also
have contractile properties [1]. Myocardial
infarction leads to rapid necrosis of cardiac
myocytes. To achieve tissue integrity and func-
tion, inflammatory cells are activated, including
monocytes/macrophages. Impaired monocyte/
macrophage function is a not established new
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pathophysiological mechanism for left ven-
tricular thrombus development after myocardial
infarction [2]. Myocardial damage in myocardial
infarction takes place mainly due to ischemic
necrosis and inflammatory mechanisms while
apoptosis is the main mechanism of cell death
in ‘reperfusion injury’ in addition to limited
ischemic necrosis [3].

In the diseased heart, cardiomyocytes are
lost to necrotic cell death, and phenotypically
transformed fibroblast-like cells, termed ‘myo-
fibroblasts’, are activated toinitiate a ‘reparative’
fibrosis. The structural integrity of myocardium
is preserved by this scar tissue, although the
expense of its remodeled structure, which in-
creases tissue stiffness and propensity to
arrhythmias. A persisting population of acti-
vated myofibroblasts turns this fibrous tissue
into a living ‘secretome’ that generates angio_
tensin II and its type 1 receptor, fibrogenic
growth factors, all of which collectively act as a
signal-transducer-effector signaling pathway
to type I collagen synthesis and, therefore,
fibrosis. Persistent myofibroblasts, and the
resultant fibrous tissue they produce, cause
progressive adverse myocardial remodeling, a
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pathological hallmark of the failing heart
irrespective of its etiologic origin [4].

Cardiomyocyte necrosis activates an inflam-
matory response that serves to clear the injured
myocardium from dead cells, and stimulates
repair, but may also extend injury. Recently the
studies in the literature have identified inter-
leukin-1a and RNA released by necrotic cardio-
myocytes as key danger signals that trigger the
inflammatory response following infarction.
Interleukin-1 promotes activation of a proinflam-
matory phenotype in leukocytes and fibroblasts,
and delays myofibroblast transdifferentiation.
Inhibitory lymphocytes are crucial in negative
regulation of postinfarction inflammatory res-
ponse by modulating macrophage and fibroblast
phenotype. Cardiac macrophages exhibit signifi-
cant heterogeneity and phenotypic plasticity and
may manage the reparative response following
infarction. In adult mice- animals replacement
of resident macrophage populations with mono-
cyte-derived macrophages may induce inflam-
mation while inhibiting cardiac regeneration [5].

Taking into account that the main pathogenic
links are the development of inflammation,
oxidative and nitric explosion, spasm of coronary
vessels, necrosis, fibrosis, the study of the effec-
tiveness of cardioprotective activities for the
treatment of the basic pathogenesis is necessary.
These medications include quercetin, which has
antioxidant, anti-spasm, anti-inflammatory, anti-
sclerotic properties [6].

Therefore, the aim of our study was to deter-
mine the content of interleukins in male rats with
adrenalin-calcium model of myocardial injury
(ACM) and to correct the pathological process
by quercetin.

Methods

The experiments were performed on 143
albino Wistar male rats 5-6 months of age. The
animals were divided into 14 groups (Table 1).
Each group comprised 10 animals. The rats
were once intramuscularly administered with
a 0.18% solution of adrenaline hydrotartrate at
a dose of 0.5 mg/kg of body weight (Pharma-
ceutical firm “Darnitsa”, Ukraine) and intrape-
ritoneally with 5% solution of calcium gluconate
(“Dniprofarm”, Ukraine) at a dose of 1 ml/100 g
of body weight. For the correction the solution
of quercetin at a dose of 200 mg/kg of body
weight was injected intraperitoneally once a
day for 7 days after adrenaline and calcium
injections.

Experiments were performed in a special
room in the morning at 18-22 °C, relative
humidity 40-60% and illumination 250 lux. The
regulations of the European Convention for the
Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes (Stras-
bourg, 1986), Resolution of the First National
Congress on Bioethics (Kyiv, 2001) and the
Order of the Ministry of Health of Ukraine
Ne 690 dated September 23, 2009, were strictly
followed.

The rats were euthanized by total heart
bloodletting and previous thiopental sodium
anesthesia (60 mg-kg"' of body weight intra-
peritoneally). Blood samples were taken for the
research. Concentration of interleukins IL-1beta,
IL-2, IL-4,IL-6, IL-10, tumor necrosis factor alpha
(TNF-alpha) was determined in blood serum by
the method of immunoenzyme analysis using
a set of reagents produced by ZAO vector-Best
(Russia).

Table 1. Division of animals by groups

Quantity of animals
Group -
Total Mortality
Control 10 -
In 1 hour after ACM 10 -
In 2 hours after ACM 10 -
In 24 hours after ACM 10 -
In 3 days after ACM 10 -
In 7 days after ACM 10 -
In 14 days after ACM 10 -
In 21 days after ACM 10 -
In 28 days after ACM 12 16.67 %
Quercetin 10 -
In 7 days after ACM + quercetin 10 -
In 14 days after ACM + quercetin 10 -
In 21 days after ACM + quercetin 10 -
In 28 days after ACM + quercetin 11 8.33 %
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A statistical analysis of digital data was
performed by means of Excel (Microsoft, USA)
and STATISTICA 6.0 (Statsoft, USA). Statistical
significance of the differences between inde-
pendentindices was estimated by Student t-test
at normal distribution and by nonparametric
methods in other cases.

Results

In 1 hour after adrenaline and calcium
injection, the increase of TNF-alpha in 7.56
times (p<0.001), decrease of IL-4 by 35.63%
(p<0.001) and of H-10 by 46.08% (p<0.001) were
determined (Table 2).

In 2 hours IL-1 beta was increased by
45.69 % (p<0.001) and TNF-alpha - in 5.9 times
(p<0.001); IL-2 was decreased by 18.24%
(p<0.002) and IL-6 - by 48.57% (p<0.001). The
increase of IL-1 beta by 45.82% (p<0.01), of IL-10
in 2.1 times (p<0.001), the decrease of IL-6 by
47.55% (p<0.001) were determined compared
with the previous study.

In 1 day, compared to the control, there was
a decrease of IL-1beta by 38.58% (p<0.001),
IL-2 - by 30.40% (p<0.001), IL-4 - by 23.45%
(p<0.001), and increase of IL-6 in 46.68%
(p<0.01), TNF-alpha - in 5.21 times (p<0.001),
and compared to the previous study, there was
a decrease of IL-1beta by 57.84% (p<0.001),
IL-2 - by 14.88% (p<0.01), IL-10 - by 23.37%
(p<0.01), increase of IL-6 in 2.85 times (p<0.001).

In 3 days, compared to the control, the level
of IL-1beta was higher by 21.94% (p<0.001),
TNF-alpha - in 7.06 times (p<0.01), IL-10 - by
37.16% (p<0.001), and IL-2 was lower by 56.08%
(p<0.001), IL-4 - by 39.66% (p<0.001), IL-6 - by
34.67% (p<0.01), and compared with the
previous period, IL-1beta was increased by
22.06% (p<0.001), IL-10 - in 2.547 times
(p<0.001), IL-2 was decreased by 83.20%
(p<0.02), IL-6 - by 33.38% (p<0.001), IL-4 - by
6.26% (p<0.001).

In 7 days compared to the control the
increase of TNF-alpha in 17.88 times (p<0.001)
was observed, as well as the decrease of IL-1
beta by 45.81% (p<0.001), IL-2 - by 47.97%
(p<0.001), IL-4 - by 20.54% (p<0.001), and
compared with the previous period of study,
IL-1beta was decreased by 55.57% (p<0.001),
IL-10 - by 16.57% (p<0.001), IL-6 was increased
by 70.81% (p<0.01), TNF-alpha - in 2.53 times
(p<0.001), IL-4 - by 31.69% (p<0.001).

In 14 days compared to the control the in-
crease of TNF-alpha in 19.69 times (p<0.001) was
evidenced, as well as the decrease of IL-1 beta by
40.45% (p<0.001), IL-2 - by 37.84% (p<0.001), IL-4 -
by 21.08% (p<0.001), IL-10 - by 39.67% (p<0.002),
and compared with the previous study period -
the decrease of IL-10 by 47.28% (p<0.001).

In 21 days compared with the control, the
increase of TNF-alpha in 2.1 times (p<0.001),
IL-6 - by 72.91% (p<0.001), the decrease of IL-4
by 28.06% (p<0.001), IL-2 - by 22.30% (p<0.02),
and compared with a previous period of study -
the decrease of TNF-alpha by 89.87% (p<0.001),
increase of IL-6 by 70.73% (p<0.001) and IL-10 -
by 78.85% (p<0.001) were present.

In 28 days the increase of TNF-alphain 25.89
times (p<0.001), IL-6 - by 36.94% (p<0.02), the
decrease of IL-1 beta by 45.38% (p<0.001), IL-2 -
by 35.13% (p<0.001), IL-4 - by 19.52% (p<0.001),
and compared to the previous period of study,
the increase in TNF-alpha in 11.87 times
(p<0.001), and the decrease of IL-1beta by
39.43% (p<0.05) were evidenced.

Injections of quercetin for 7 days caused a
significant decrease of IL-2 by 62.84% (p<0.001),
IL-4 - by 32.32% (p<0.001), IL-10 - by 51.92%
(p<0.001), and increase of IL-6 in 2.7 times
(p<0.001).

In 7 days after the injury, quercetin
correction proved increased level of IL-1betain
2.61 times (p<0.001), IL-4 - by 35% (p<0.001),
IL-6 - in 2.27 times (p<0.001), and decrease of
TNF-alpha in 32.99 times (p<0.001). In this
period, IL-2,IL-4,1L-10 levels did not significantly
differ from the control ones, and IL-1beta was
increased by 41.6% (p<0.001), IL-2 - by 29.73%
(p<0.001), IL-6 - in 2.54 times (p<0.001). IL-1
beta level was also higher by 60% (p<0.01), TNF-
alpha - in 9.26 times (p<0.001), IL-4 - by 58.5%
(p<0.002), IL-10 - in 2.69 times (p<0.001)
compared to the quercetin level.

In 14 days after the injury, the quercetin
correction proved higher level of TNF-alpha by
55.14% (p<0.01) and IL-10 by 84.76% (p<0.001).
Inthis period, onlyIL-10 level did not significantly
differ from the control ones, IL-6 was increased
by 49.59% (p<0.05), TNF-alpha - in 32.1 times
(p<0.001), IL-1beta was decreased by 28.5%
(p<0.01), IL-2 - by 28.38% (p<0.001), IL-4 - by
23.7% (p<0.001), and compared to a previous
period of study IL-1 beta was decreased by
49.5% (p<0.001), IL-6 - by 40.97% (p<0.002), and
IL-4 - by 28.87% (p<0.05), TNF-alpha was
increased in 2.68 times (p<0.001). IL-2 was also
higher in 1.93 times (p<0.001), TNF-alpha - in
24.8 times (p<0.001), IL-10 - in 2.32 times
(p<0.001) and IL-6 was lower by 44.7% (p<0.01)
compared to the quercetin level.

In 21 days after the injury, the quercetin
correction proved higher level of H-6 by 51.42%
(p<0.002), TNF-alpha in 9.59 times (p<0.001),
lower level of H-2 by 50.43% (p<0.001). In this
period, only IL-1 beta level did not significantly
differ from the control, H-6 was higher in 2.62
times (p<0.001), TNF-alpha - in 20.1 times
(p<0.001), IL-10 - by 20.07% (p<0.001), IL-2 was
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lower by 61.49% (p<0.001), IL-4 - by 36.5%
(p<0.001), and compared with a previous period
of study the decrease of IL-2 by 46.23% (p<0.001),
TNF-alpha - by 37.4% (p<0.001), IL-4 - by 16.77%
(p<0.05), the increase of IL-6 by 74.91% (p<0.002)
were present. TNF-alpha was also higherin 15.53
times (p<0.001) and IL-10 - in 2.5 times (p<0.001)
compared to the quercetin level.

In 28 days after the injury, the quercetin
correction proved higher level of IL-1 beta in
2.26 times (p<0.001), lower level of TNF-alpha
by 64.38% (p<0.01). In this period, only IL-10 did
not significantly differ from the control level,
IL-1 beta was higher by 23.28% (p<0.001), IL-6 -
by 65.62% (p<0.001), TNF-alpha - in 8.87 times
(p<0.01), IL-2 was lower by 41.89% (p<0.001),
IL-4 - by 27.48% (p<0.001), and compared with
a previous period of study the decrease of IL-6
by 36.74% (p<0.002), TNF-alpha by 55.88%
(p<0.001), IL-10 by 19.68% (p<0.001), the
increase of IL-1 beta by 34.04% (p<0.001), IL-2
by 50.88% (p<0.001), IL-4 by 14.19% (p<0.05)
were present. IL-2 level was also higher by
56.36% (p<0.001), TNF-alpha - in 6.85 times
(p<0.05) IL-10 - in 2 times (p<0.001), and IL-6
was lower by 38.82% (p<0.05) compared to the
quercetin level.

Discussion

Infirst hour a direct damage of heart muscle
by adrenaline was present, since the proinflam-
matory cytokine TNF-alpha was a mediator of
cardiac pathology. TNF-alpha was synthesized
by activated macrophages, and also stimulated
them, promoted cytotoxic,immunomodulating,
anti-inflammatory action. Decreases in IL-10 and
IL-4 may be associated with the early period of
damaging effects of adrenaline and calcium
when the increase of one anti-inflammatory
cytokine was sufficient with protection.

In two hours a high TNF-alpha content still
was present. It could cause damage to endothelial
cells, increase of microvascular permeability,
activate the hemostasis system with DIC synd-
rome development. Normalizing the concentra-
tion of IL-4 and IL-10 may evidence development
of immune response with involvement of T-and
B-lymphocytes. That was evidenced by the
increase of IL-1beta. The decrease of IL-2 and
IL-6 proved immunosuppressive effect.

In day 1 high values of TNF-alpha and IL-6,
inthe presence of decreased IL-4, may evidence
the activation of coagulation hemostasis with
the development of blood clots. The increase
of IL-6 also evidenced development of hypoxia,
which may take place due to necrosis of cardio-
myocytes.

The increase of IL-1beta and TNF-alpha in
day 3 could be caused by more severe hypoxia

and ischemia, products of fibrin degradation.
The increase of IL-10 proved its protective
influence. in day 7, compared to the previous
period, IL-6 normalization may evidence the
worsening of hypoxia. TNF-alpha increase and
decrease of H-10 only confirmed this assertion.
That was observed in 14 days also.

In 21 and 28 days the same changes asin a
24 hour period were present: high level of TNF-
alpha and IL-6 in the presence of decreased
IL-4. It may prove the secondary activation of
coagulation hemostasis by means of alteration.

In the infarcted myocardium, necrotic
cardiomyocytes release danger signals activating
an intense inflammatory reaction that serves to
clear the wound from dead cells and matrix
debris, but may also extend injury. Dead
cardiomyocytes release IL-1a that may function
as a crucial alarm in triggering the post-in-
farction inflammatory reaction. IL-1(3 is markedly
up-regulated in the infarcted myocardium;
activation of inflammasome in both cardio-
myocytes and interstitial cells results in release
of bioactive IL-ip in the infarcted area. Binding
of IL-1 to the type 1 receptor triggers an in-
flammatory cascade, inducing recruitment of
proinflammatory leukocytes and stimulating a
matrix-degrading program in fibroblasts, while
delaying myofibroblast conversion.IL-1 mediates
dilative remodeling following infarction and may
influence on the pathogenesis of postinfarction
heart failure [7].

Injection of quercetin in the experiments
increased contents of IL-6, suppressing the
formation of IL-2, IL-4 and IL-10. Adrenaline and
calcium lesion of heart in which quercetin was
used had a favorable course. Thus, in 7 days,
the decreased activation of TNF-alpha was
observed, and increased - of IL-4, IL-6, and IL-1
beta.In 14 days, the increased activation of TNF-
alpha, normalization of H-10 to the control level
was evidenced. The increased content of IL-6,
decreased - of IL-1 beta, IL-2, IL-4 were present.
In 21 days, the increased content of TNF-alpha,
IL-6 was evidenced. IL-10 level did not differ from
the control, IL-2 content was decreased. In 28
days, the increased activation of IL-1beta,
decreased content of TNF-alpha was observed.

IL-10 improved myocardial function after
acute global I/R and suppressed inflammation
of STAT3 pathway [8]. Also the profibrotic effect
of IL-10 autocrine loop promoted macrophages
to secret osteopontin and TGFp. These media-
tors activated cardiac fibroblasts to produce
collagen that caused cardiac fibrosis and increa-
sed cardiac stiffness [9]. Increased IL-6 content
was associated with a cardiovascular disease
and protected cells against apoptosis whilst
being important for normal metabolism [10].
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The obtained data has proved the inclusion
of pro- and anti-inflammatory mechanisms of
protection against damage, when used with the
protective effect of quercetin. Quercetin in
cases of more severe fibrosis with underlying
injury of ACM of rats prevents cardiac necrosis.

Conclusions
The development of adrenaline-calcium
heart damage is accompanied by bright cytokine

wavelike reaction at different time points. In
early time a direct damage of heart muscle by
adrenaline and calcium is present. Then can be
development of DIC syndrome, immune res-
ponse, hypoxia, and ischemia. At day 3 increases
the protective influence - anti-inflammatory
interleukins level. Then evidence the worsening
of hypoxia, secondary activation of coagulation
hemostasis by means of alteration. Quercetin
causes normalization of interleukins level.

3MIHU ITPO3AITAJIBHUX TA ITPOTH3AITAJIBHUX IUTOKNHIB
HA MOJEJII AAPEHAJITHOBO-KAJIBIIIEBOI'O YPAJKEHHA MIOKAPAA

V IIIVPIB TA KOPEKIIIi KBEPIIETHHOM

0. B. fleHedinb, A. M. MycieHko

TEPHOML/IbCbKU IEPXABHUV MEANYHWIA YHIBEPCUTET IMEHI I. . FOPEAYEBCHKOIO, TEPHOIML/b, YKPATHA

Betyn. Cepyesa HedocmamHicme € 00HI€I0 3 OCHOBHUX NPUYUH 30X80PHOBAHOCMI MA CMepMHOCMI y caimi.
MeToto foCnig>KeHHSA 6710 8U3HAYEHHSA KOAUBAHbL iHMepAeliKiHie Ha Modesni A0peHaniHO80-KaNbLYIEBO20 YPa*(EHHS

Mmiokapda ma (io2o Kopekyii keepyemuHom.

MeTtoawn. Jocaidu nposedeHi Ha 143 wypax-camysx AiHii Bicmap eikom 5-6 micsayie. byno docnioxeHo 3miHu emicmy
iHmepanedikinie IL-1beta, IL-2, IL-4, IL-6, IL-10, TNF-ane$a y cupogamyi Kposi npu po38umky ypaXeHHs cepys ma 30cmocy8aHHs
KeepyemuHy. locnioxieHHs npogoduau y 1-y, 2-y, 24-y 200uHU, Ha 3-t0, 7-y, 14-y, 21-y ma 28-y dobu.

PesynbTaTtn. AOpeHaniHo-Kanbyieaa Modesb ypaxceHHS MiOKapOa Xapakmepu3syeanacs niosuweHHAM pieHsa TNF-anega;
a emicm IL-2 ma IL-4 nocmynogo docmosgipHo 3HUXCysaecs. PiseHs IL-16ema 3pocmas Ha 2-y i 3-t0 006U nicas popmy8aHHsA
YPadHeHHA cepyeso20 M'A3a, y IHUWIUX nepiodax Yacy 00CiOxHeHs (30 BUHAMKOM 1 200UHU i 21-1 006U) Yi NOKA3HUKU 3HUHMCYB8ANUCA.
Cnocmepizaanuca makoxc xeunenoodibHi koaueaHHs emicmy IL-6 i IL-10.

IH’ekyii kKeepyemuHy npomsazom 7 OHig 3ymosusau docmosipHe 3HuUXeHHs IL-2, IL-4, IL-10 ma nidsuwjeHHs emicmy IL-6.
Takox cnocmepi2anocs 3HUXeHHA pieHa TNF-anea, ma nidsuwjeHHs emicmy IL-4, IL-6 ma IL-1. Yepe3 14 OHie ece we
cnocmepizanoca nidsuujeHHA pisHs TNF-anea ma Hopmanizayis nokasHukie IL-10. Ha 28-y 006y 3agikcoeaHo nidsuwjeHuli

emicm IL-1beta ma 3HuUxeHHS pieHsa TNF-anega.

BMCHOBKW. P038UMOK 00peHaNiHO-Ka/1bYIEB020 ypaXCeHHS CepUus Cynpo8oOX#YEMbCA ACKPABO X8UAENOOI6HOI PEaKyiEr0
YUMOKiHi8 y pi3Hi d0CioxCy8aHi NpoMiXcku Yyacy vac. KeepyemuH 8UKAUKAE HOPMAi3ayito pieHs iHmepaelKiHis.
K/THOYOBI C/IOBA: agpeHaniHoBo-Ka/bLji€Ba Moe/b ypa>keHHsl MioKapAy; LLypW; KBepLLeTUH; iHTepieiiKiHn.
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