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INTRODUCTION

ABSTRACT In the present experimental study, cecal ligation and puncture signifi-
cantly increased the myocardial injury assessed in terms of excess release of creative
kinase-MB (CK-MB), cardiac troponin | (cTnl), interleukin (IL)-6 and decrease of IL-10
in the blood following 12 h of laparotomy procedure as compared to normal control.
Also, a significant increase in protein expression levels of high-mobility group box 1
(HMGB1) and decreased phosphorylation of glycogen synthase kinase-3f (GSK-33)
was observed in the myocardial tissue as compared to normal control. A single in-
dependent administration of telmisartan (2 and 4 mg/kg) and AR-A014418 (1 and 2
mg/kg) substantially reduced sepsis-induced myocardial injury in terms of decrease
levels of CK-MB, cTnl and IL-6, HMGB1, GSK-3B and increase in IL-10 and p-GSK-3j in
the blood in sepsis- subjected rats. The effects of telmisartan at dose 4 mg/kg and
AR-A014418 at a dose of 2 mg/kg were significantly higher than the telmisartan at a
dose of 2 mg/kg and AR-A014418 1 mg/kg respectively. Further, no significant effects
on different parameters were observed in the sham control group in comparison to
normal. Therefore it is plausible to suggest that sepsis may increase the levels of an-
giotensin Il to trigger GSK-33-dependent signaling to activate the HMGB1/receptors
for advanced glycation end products, which may promote inflammation and myo-
cardial injury in sepsis-subjected rats.

burden, which significantly accounts for morbidity and mortality
[4]. Despite the advances in the understanding of the intramyo-

Sepsis is defined as a systemic inflammatory response syn-
drome, mainly caused by infection [1] and sepsis-induced myo-
cardial injury is the manifestation of multiple organ failure in
sepsis, which is characterized by myocardial injury, ventricular
dilatation, reduced contractility, impaired ventricular response
[2,3]. Indeed, sepsis leads to the initiation of a complex intramyo-
cardial inflammatory response, which results in the development
of sepsis-induced myocardial dysfunction. Sepsis-induced myo-
cardial injury is worldwide recognized as a serious major health

cardial inflammatory response, there is no promising target to
treat this sepsis-induced myocardial dysfunction. Accordingly,
there is a need to identify the underlying mechanisms associated
with sepsis-induced myocardial injury.

Angiotensin IT (Ang II) is an octapeptide peptide, which pos-
sesses diverse biological functions including activation of the
inflammatory response through different mechanisms [5,6]. It
is shown to significantly enhance the interleukin-6 (IL-6) pro-
duction, macrophage recruitment, vascular inflammation and
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remodeling in older C57BL/6] mice [7]. Using transgenic mice Tg-
Ang I, it has been found that in cardiac Ang II increases inflam-
mation, oxidative stress, and cell death, which ultimately leads
to cardiac fibrosis [8]. Further, the administration of angiotensin
receptor 1 (AT)) antagonist has been shown to prevent cardiac
and aortic tissue alterations, inflammatory cell infiltration and
cytokine as well as metalloproteinase expression, suggesting
the involvement of Ang II in the induction of heart and aortic
inflammation [5]. However, the role of Ang II in sepsis-induced
myocardial injury is not explored yet.

High-mobility group box 1 (HMGBI), an intracellular protein,
acts as an early mediator of inflammation and organ damage [6,9].
It exerts its pro-inflammatory actions via binding to receptors
for advanced glycation end products (RAGE). HMGB1-RAGE
axis has been implicated in several inflammatory heart disorders
[10,11]. Furthermore, it has also been reported that treatment with
angiotensin receptor blockers significantly inhibits the HMGB1/
RAGE axis in stroke and hypertensive patients [12,13]. Since the
molecular mechanisms of inflammatory sepsis-induced cardiac
injury are not fully understood and considering the HMGBI1/
RAGE axis as an important target of inflammatory disorder, the
present study was aimed to identify the role HMGBI1/RAGE axis
in sepsis-induced myocardial injury.

Glycogen synthase kinase-3 (GSK-3) is a serine/threonine pro-
tein kinase, which regulates a variety of intracellular signaling
pathways and has been implicated in many neuronal and cardiac
disorders. A large number of studies have demonstrated the role
of GSK-3p isoform in various cardiac pathological conditions in-
cluding ischemic injury, myocardial fibrosis and cardiomyocyte
proliferation [14,15]. Also, it has been reported that decreased
GSK-3B activity is beneficial in protecting the murine heart
against ischemia-reperfusion injury [16]. Furthermore, GSK-3f
has been identified as an important mediator of inflammation
in diseased conditions. However, the role of GSK-3f in sepsis-
induced myocardial injury is unexplored. Therefore, the present
study was aimed to explore the role of Ang IT and GSK-3f in
sepsis-induced myocardial injury using selective pharmacological
agents i.e., telmisartan and AR-A014418, respectively along with
the underlying mechanism.

METHODS
Experimental animals and drugs

Male Wistar albino rats (200-250 g) were employed for this
study and were kept in the animal house of the department with
standard laboratory conditions i.e., under controlled temperature,
humidity, chow diet and the normal cycle of 12 h light and 12 h
dark. All the experiments were also performed per the Animal
Ethics Committee of the Second Affiliated Hospital of Dalian
Medical University-wide Ethic number: 2019211. Telmisartan
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(Sigma, St. Louis, MO, USA) and AR-A014418 (Cayman Chemi-
cal Co., Ann Arbor, MI, USA) were dissolved in normal saline
containing 10% DMSO. IL-6, IL-10, creative kinase-MB (CK-MB)
and cardiac troponin I (cTnl) ELISA detection kits were pur-
chased from Beijing Cheng Lin Biotechnology Co., Ltd., Beijing,
China. HMGBI ELISA kit was purchased from MyBioSource,
Inc., San Diego, CA, USA for the quantitative determination of
HMGBI in the tissue homogenate. GSK-3f ELISA kit was pur-
chased from Ray Biotech Pvt. Ltd., Norcross, GA, USA for esti-
mation of total GSK-3f and p-GSK3-59 levels.

Induction of sepsis by cecal ligation puncture

The rat model of sepsis was established by employing the ce-
cal ligation and puncture (CLP) method as previously described
[17]. Intraperitoneal (i.p.) injection of pentobarbital sodium (20
mg/kg) was administered to anesthetize rats 15 min before the
surgery. Under aseptic conditions, the laparotomy was performed
and a 2 cm incision was made to expose the cecum. Afterward,
the cecum was ligated with a sterile 3-0 silk suture at its base and
the cecum was punctured twice using an 18-gauge needle. Af-
terward, the cecum was squeezed to extrude some fecal material
from the punctured site. Following this, the cecum was returned
to the abdominal cavity and incision was closed with silk sutures.
Following the laparotomy procedure, all rats were administered
with saline (3 ml/100 g i.p.) and returned to their cages. Twelve
hours after the laparotomy, the rats were sacrificed via cervi-
cal dislocation and their abdomens were opened to collect 5 ml
blood from the abdominal aorta. The midline sternotomy was
performed and the hearts were removed. The blood samples and
myocardial tissues were stored at ~80°C in the refrigerator. The
blood samples were used for the determination of serum CKMB
and cTnl levels. All rats underwent CLP surgical procedures ex-
cept the normal rats. Sham control animals underwent the same
surgical procedure, without cecum ligation and puncture.

Biochemical markers of myocardial injury

The extent of myocardial injury was assessed by determination
of serum CKMB and cTnl levels using ELISA diagnostic kits. The
CK-MB results were expressed in U/l and cTnl results were ex-
pressed in ng/ml.

Assessment of other biochemical parameters

The heart tissue was homogenized to quantify the levels of
HMGBI, p-GSK-3 and GSK-3p in the myocardial tissue using
ELISA Kkits. The levels of IL-6 and IL10 were quantified in the
blood using specific ELISA diagnostic kits.
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Experimental protocol

A total of ten groups with eight rats per group was employed in
the present study.

Group I. Normal control: In the normal control group, the
animals were kept in a cage for 12 h and were undisturbed except
necessary procedure i.e., cleaning of the cage. Thereafter, the
blood sample and myocardial tissue were collected as described
earlier on the same day. The levels of CKMB, ¢Tnl, IL-6 and IL-
10 were measured in the serum. The expression levels of HMGBI,
GSK-3B and p-GSK-3p were assessed in the myocardial tissue
homogenate.

Group II. Sham control group: In the sham-operated group,
rats underwent laparotomy procedures only, without cecum liga-
tion and puncture. After 12 h of laparotomy procedure, the blood
sample and myocardial tissue were collected as described earlier.
The different tests were performed as described in group 1.

Group III. Sepsis group: Rats underwent a CLP procedure. Af-
ter 12 h of laparotomy procedure, the blood sample and myocar-
dial tissue were collected and the different tests were performed
as described in group L.

Group IV. Telmisartan (2 mg/kg i.p.) in sepsis: Telmisartan (2
mg/kg i.p.) was administered one hour after the CLP procedure
in rats. After 12 h of laparotomy procedure, the blood sample
and myocardial tissue were collected and different tests were per-
formed as described in group L.

Group V. Telmisartan (4 mg/kg ip.) in sepsis: Telmisartan (4
mg/kg i.p.) was administered one hour after the CLP procedure
in rats. After 12 h of laparotomy procedure, the blood sample
and myocardial tissue were collected and different tests were per-
formed as described in group L.

Group VI. AR-A014418 (1 mg/kg i.p.) in sepsis: AR-A014418 (1
mg/kg i.p.) was administered one hour after the CLP procedure
in rats. After 12 h of laparotomy procedure, the blood sample
and myocardial tissue were collected and different tests were per-
formed as described in group L

Group VII. AR-A014418 (2 mg/kg i.p.) in sepsis-induced rats:
AR-A014418 (3 mg/kg i.p.) was administered one hour after the
CLP procedure in rats. After 12 h of laparotomy procedure, the
blood sample and myocardial tissue were collected and the differ-
ent tests were performed as described in group L.

Group VIIL Telmisartan per se group: Telmisartan (4 mg/kg
i.p.) was administered to normal rats. After 12 h, the different
tests were performed as described in group L.

Group IX. AR-A014418 per se group: AR-A014418 (2 mg/kg i.p.)
was administered to normal rats. After 12 h, the different tests
were performed as described in group L.

Group X. DMSO in the sepsis group: 10% DMSO dissolved
in normal saline (vehicle for AR-A014418 and telmisartan) was
administered (0.2 m1/100 g) one hour after the CLP procedure in
rats. After 12 h of laparotomy procedure, the blood sample and
myocardial tissue were collected and different tests were per-

www.kjpp.net

formed as described in group L

Statistical analysis

In the present study, statistical analysis was performed using
Graph Pad Prism (GraphPad Software Inc., La Jolla, CA, USA).
One-way analysis of variance (ANOVA) followed by post-hoc
Tukey's test was used for comparing the statistical differences
among different groups. The results were expressed in the form of
mean + standard deviation and the value p < 0.05 was considered
to statistically significant.

RESULTS

Vehicle and per se administration of pharmacological agents
did not affect sepsis-induced alterations in CK-MB, ¢Tnl,
HMGB], IL-6, IL-10, and p-GSK-3/GSK-3 ratio in a significant
manner. Further, no significant effects on different parameters
were observed in the sham control group in comparison to nor-
mal.

Effect of cecal ligation and puncture-induced sepsis
on biochemical parameters

In the present study, cecal ligation and puncture significantly
increased the myocardial injury assessed in terms of excess
release of CK-MB and cInl in the blood following 12 h of lapa-
rotomy procedure as compared to normal control (Figs. 1-3).
Also, a significant increase in protein expression levels of HMGBI
and decreased phosphorylation of GSK-38 was observed in the
myocardial tissue as compared to normal control (Figs. 4 and 5).

= Normal Control

= Sham Control
= Sepsis Group = Telmisartan (2 mg/kg) in sepsis-induced rats
= Telmisartan (4 mg/kg) in sepsis-induced rats = AR-A014418 (1 mg/kg i.p.) in sepsis induced rats
" AR-A014418 (2 mg/kg ip.) in sepsis induced rats ® Telmisartan per se group

AR-A014418 per se group = DMSO in sepsis group

Fig. 1. Effects of cecal ligation and puncture-induced sepsis and
pharmacological agents on creative kinase-MB (CK-MB) levels in
the blood. Values are expressed as mean + standard deviation with n
=8.%p < 0.05 as compared to normal control; °p < 0.05 as compared to
sepsis control.
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¢Tnl (ng/ml)

= Normal Control m5Sham Control

= Sepsis Group = Telmisartan (2 mg/kg) in sepsis-induced rats
= Telmisartan (4 mg/kg) in sepsis-induced rats = AR-A014418 (1 mg/kg i.p.) in sepsis induced rats
= AR-A014418 (2 mg/kg i.p.) in sepsis induced rats = Telmisartan per se group

AR-A014418 per se group =DMSO in sepsis group

Fig. 2. Effects of cecal ligation and puncture-induced sepsis and
pharmacological agents on cardiac troponin | (cTnl) levels in the
blood. Values are expressed as mean + standard deviation with n = 8.
°p < 0.05 as compared to normal control; °p < 0.05 as compared to sep-
sis control.

600

IL-6 concentration (pg/ml)

= Sham Control

= Normal Control
= Sepsis Group = Telmisartan (2 mg/kg) in sepsis-induced rats
= Telmisartan (4 mg/kg) in sepsis-induced rats = AR-A014418 (1 mg/kgi.p.) in sepsis induced rats
= AR-A014418 (2 mg/kgi.p.) in sepsis induced rats = Telmisartan per se group

AR-A014418 per se group W DMSOQ in sepsis group

Fig. 3. Effects of cecal ligation and puncture-induced sepsis and
pharmacological agents on interleukin (IL)-6 levels in the blood.
Values are expressed as mean + standard deviation with n = 8.°p < 0.05
as compared to normal control; °p < 0.05 as compared to sepsis control.

A significant increase in IL-6 and a decrease in IL-10 levels were
noted in the blood at 12 h after cecal ligation and puncture as
compared to normal control (Fig. 6).

Effect of telmisartan and AR-A014418 on CLP-induced
myocardial injury

A single administration of telmisartan (2 and 4 mg/kg) sub-
stantially reduced sepsis-induced myocardial injury in terms of
decrease release of CK-MB and cTnl in the blood in sepsis- sub-
jected rats, signifying the role of Ang IT in mediating the sepsis-
induced myocardial injury. Additionally, a single administration
of AR-A014418 (1 and 2 mg/kg) also considerably improved the
myocardial injury by attenuating sepsis-induced alterations in
sepsis-subjected animals, suggesting the involvement of GSK-33
kinase in sepsis-induced myocardial dysfunction. The effects of
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= Normal Control = Sham Control
= Sepsis Group ® Telmisartan (2 mg/kg) in sepsis-induced rats
= Telmisartan (4 mg/kg) in sepsis-induced rats " AR-A014418 (1 mg/kgi.p.) in sepsis induced rats
= AR-A014418 (2 mg/kgi.p.) in sepsis induced rats = Telmisartan per se group

AR-A014418 per se group W DMSO in sepsis group

Fig. 4. Effects of cecal ligation and puncture-induced sepsis and
pharmacological agents on p-GSK-3/GSK-3 ratio in the myocar-
dial tissue. Values are expressed as mean + standard deviation with
n = 8. GSK-3p, glycogen synthase kinase-3f. °p < 0.05 as compared to
normal control; °p < 0.05 as compared to sepsis control.

HMGBI levels (fold increase)

= Sham Control

= Normal Control

™ Sepsis Group ® Telmisartan (2 mg/kg) in sepsis-induced rats

= Telmisartan (4 mg/kg) in sepsis-induced rats " AR-A014418 (1 mg/kgip.) in sepsis induced rats
= AR-A014418 (2 mg/kgip.) in sepsis induced rats = Telmisartan per se group

AR-A014418 per se group W DMSO in sepsis group

Fig. 5. Effects of cecal ligation and puncture-induced sepsis and
pharmacological agents on high-mobility group box 1 (HMGB1)
protein expression in the myocardial tissue. Values are expressed as
mean =+ standard deviation with n = 8.°p < 0.05 as compared to normal
control; °p < 0.05 as compared to sepsis control.

telmisartan at dose 4 mg/kg and AR-A014418 at a dose of 2 mg/
kg were significantly higher than the telmisartan at a dose of 2
mg/kg and AR-A014418 1 mg/kg respectively (Figs. 1 and 2).

Effect of telmisartan and AR-A014418 on CLP-induced
inflammation parameters

A single administration of telmisartan (2 and 4 mg/kg) mark-
edly decreased sepsis-induced inflammation in terms of decrease
in IL-6 release in blood, decrease in protein HMGBI expression
in myocardial tissue and increase in IL-10 in the blood in sepsis-
subjected animals, signifying that Ang II mediates the inflam-
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100

IL-10 concentration (pg/ml)

wn
=1

0

= Sham Control

= Normal Contrel

= Sepsis Group = Telmisartan (2 mg/kg) in sepsis-induced rats

= Telmisartan (4 mg/kg) in sepsis-induced rats = AR-A014418 (1 mg/kgi.p.) in sepsis induced rats

AR-A014418 (2 mg/kg i.p.) in sepsis induced rats ™ Telmisartan per se group

AR-A014418 per se group HDMSO in sepsis group

Fig. 6. Effects of cecal ligation and puncture-induced sepsis and
pharmacological agents on interleukin (IL)-10 levels in the blood.
Values are expressed as mean + standard deviation with n = 8.°p < 0.05
as compared to normal control; °p < 0.05 as compared to sepsis control.

mation in sepsis-induced injury via HMGBI, Il-6, and IL-10.
Furthermore, a single administration of AR-A014418 (1 and 2
mg/kg) significantly improved the myocardial injury by attenuat-
ing sepsis-induced inflammation assessed in terms of decrease in
IL-6, HMGBI and increase in IL-10 (Figs. 3, 5, and 6). It suggests
that CLP-induced sepsis may increase the GSK-3[3 activity, which
further activates the HMGBI/RAGE axis to promote inflamma-
tion and myocardial injury in sepsis-subjected rats. The effects of
telmisartan at dose 4 mg/kg and AR-A014418 at a dose of 2 mg/
kg were significantly higher than the telmisartan at a dose of 2
mg/kg and AR-A014418 1 mg/kg, respectively.

Effect of telmisartan and AR-A014418 on p-GSK-3f3
and GSK-3p levels

A single administration of telmisartan (2 and 4 mg/kg) signifi-
cantly restored sepsis-induced decrease in p-GSK-33/GSK-33 ra-
tio in sepsis-subjected rats, suggesting that Ang II activates GSK-
3B to promote inflammation and myocardial injury in sepsis-
induced rats. Similarly, a single administration of AR-A014418
(1 and 2 mg/kg) significantly improved sepsis-induced decrease
in p-GSK-3B/GSK-3 ratio signifying that increase in GSK-3f
activity is potentially involved in the development of myocardial
sepsis. The effects of telmisartan and AR-A014418 at dose 4 and 2
mg/kg were significantly higher than at a dose of 2 and 1 mg/kg,
respectively (Fig. 4).

DISCUSSION

In the present study, CLP led to significant development of
myocardial injury in terms of an increase in biochemical param-
eters viz. CK-MB and ¢Tnl in the blood following 12 h of ligation
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puncture. CK-MB and cTnl are cardiac injury parameters and
are often employed to assess myocardial injury in several stud-
ies [18,19]. CLP is one of the most common methods to induce
myocardial sepsis [12] and the result of the present study showing
myocardial injury in response to CLP is consistent with previous
studies [20-22].

In the present study, CLP also led to increase in the inflam-
matory markers in the rats as assessed by an increase in levels
of IL-6 and a decrease in levels of IL-10 in the serum in CLP-
subjected rats. IL-6 is a well documented pro-inflammatory
cytokine [19,21,22] and IL-10 is an anti-inflammatory cytokine
[13]. Therefore, an increase in IL-6 and a decrease in IL-10 signi-
ties the onset of inflammation in response to CLP. These results
are inconsistent with previous studies [23,24]. Furthermore,
there was an increase in the protein expression of HMGBI in the
hearts of CLP-subjected rats. HMGBI is an intracellular protein,
which acts as an inflammatory cytokine when released into the
extracellular milieu. This extracellular HMGBI causes multiple
organ failure and is considered as a lethal mediator of sepsis [25].
Further, it has been reported that HMGBI acts as an early media-
tor of inflammation and organ damage in ischemia-reperfusion
injury [9]. Moreover, studies have demonstrated HMGBI as
an advanced marker of sepsis [26] and treatment with an anti-
HMGBI antibody is more effective in sepsis rather than the treat-
ment with anti-TNF-¢ and anti-IL-6 antibodies [10]. HMGBI
exerts proinflammatory actions by mainly binding to RAGE. The
involvement of the HMGBI-RAGE axis is implicated in many
inflammatory heart disorders [16,17]. However, the mechanism
of inflammatory sepsis-induced cardiac injury is not fully under-
stood.

In the present study, the administration of telmisartan led to a
significant alteration of CLP-induced myocardial injury assessed
in terms of a decrease in CK-MB and ¢Tnl in blood. Telmisartan
is an AT, antagonist which significantly inhibits the actions of
AngII In the present study, telmisartan treatment also decreased
the levels of IL-6, HMGBI protein expression and increases the
levels of IL-10 in sepsis-induced rats, suggesting the anti-inflam-
matory actions of telmisartan in sepsis-subjected rats. Clinical
studies have also shown that telmisartan significantly inhibits the
HMGBI/RAGE axis in stroke and hypertensive patients [15,16].
The inhibition of the HMGB1/RAGE axis has been proven as
an effective and novel therapeutic strategy for treating several
inflammatory disorders. However, it is the first report suggesting
that telmisartan significantly attenuates sepsis-induced myocar-
dial injury via inhibition of the HMGBI1/RAGE axis. It is possible
to suggest that CLP-induced sepsis may increase the levels of Ang
11, which further activates the HMGB1/RAGE axis to promote
the myocardial injury in sepsis-subjected rats.

In the present study, a significant decrease in the p-GSK-3 lev-
els was observed in sepsis-induced rats, suggesting the increase in
GSK-3p activity. Thus, it is possible to suggest that an increase in
GSK-3p may also be involved in myocardial sepsis in rats. To fur-
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ther support this contention, GSK-3f inhibitor, AR-A014418 was
employed in the present study. AR-A014418 is a selective GSK-
3B inhibitor and it has been shown that AR-A014418 treatment
significantly protects the murine heart against the ischemia-
reperfusion injury by inhibiting the activity of GSK-3f [16]. In
the present study, it was observed that AR-A014418 inhibits CLP-
induced myocardial sepsis, suggesting that an increase in GSK-3f3
activity may be involved in the development of myocardial sepsis.
AR-A014418 treatment also significantly decreased the levels of
IL-6 and HMGBI, while it increased the levels of IL-10 in sepsis-
induced rats. To best of our knowledge, it is the first report sug-
gesting that AR-A014418 attenuates sepsis-induced myocardial
injury via inhibition of the HMGBI/RAGE axis. It is possible to
suggest that CLP-induced sepsis may increase the GSK-3f activ-
ity, which further activates the HMGB1/RAGE axis to promote
inflammation and myocardial injury in sepsis-subjected rats.

In the present study, the administration of telmisartan signifi-
cantly increased the p-GSK-3f levels suggesting the inhibition of
GSK-3p activity in the presence of angiotensin receptor blockers.
Other studies have also documented that Ang II increases GSK-
3B activity [27]. Accordingly, it is possible to suggest that GSK-33
is a downstream mediator of Ang II and an increase in the levels
of Ang I may activate GSK-3f3 to promote inflammation and
myocardial injury in sepsis-subjected rats.

Telmisartan and AR-A014418 have the potential to attenuate
sepsis-induced myocardial injury. Telmisartan attenuates sepsis-
induced myocardial injury via inhibition of HMGB1/RAGE axis
and GSK-3f activity. Sepsis may increase the levels of Ang II to
trigger GSK-3B-dependent signaling to activate the HMGBI1/
RAGE, which may promote inflammation and myocardial injury
in sepsis-subjected rats.
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