Int J Clin Exp Med 2015;8(8):12211-12218
www.ijcem.com /ISSN:1940-5901/IJCEM0012087

Original Article
Glucocorticoids offer protection against myocardial
injury in @ murine model of sepsis

Zhong-Qian Lu?, Jian-Xia Lu?, Yi-Jun Deng?

1The Intensive Care Unit, The First People’s Hospital of Yancheng, Yancheng 224005, Jiangsu Province, P.
R. China; 2Department of Medical Technology, Yancheng Health Vocational and Technical College, Yancheng
224006, Jiangsu Province, P. R. China

Received June 29, 2015; Accepted August 11, 2015; Epub August 15, 2015; Published August 30, 2015

Abstract: Sepsis is a serious infection-related complication that, in causing significant inflammation, often leads to
myocardial injury. Severe inflammation, including in sepsis, is sometimes treated with exogenous glucocorticoids
(GCs). Here, to explore the potential effect of GCs to protect against myocardial injury, we created a model of sepsis
in rats by performing cecal ligation and puncture (CLP) in 96 rats randomly divided into sham-operated control
(N=32), untreated sepsis (CLP, N=32), and GC-treated sepsis (N=32) groups. At 3, 6, 12, and 24 h after surgery,
the changes in cardiac hemodynamic indexes, serum inflammatory response factor levels, and myocardial enzymes
were measured, along with mitochondrial membrane potential in myocardial cells, apoptosis of myocardial cells,
and the expression of nuclear factor kappa B (NF-kB p65) in myocardial tissues. Pathological changes in myocar-
dial cells were also observed. Compared to the sham-operated group, CLP rats experienced deterioration of left
ventricular systolic pressure (LVSP), left ventricular end-diastolic pressure (LVEDP), maximum rate of left ventricular
pressure rise (+dP/dt__ ), and the maximum rate of left ventricular pressure drop (-dP/dt_ ). CLP rats also had a rise
in serum tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), C-reactive protein (CRP), cardiac troponin | (cTnl),
creatine kinase (CK), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and NF-kB p65 in myocardial
tissues. The GCs-treated group had lower levels of these inflammatory response molecules than the CLP group,
with the exception of anti-inflammatory cytokine interleukin-10 (IL-10), which was higher in the GC-treated rats than
the CLP group at each time point post-surgery. Compared to the sham group, CLP rats had a rise in myocardial cell
apoptosis and a drop in mitochondrial membrane potential in myocardial cells. In addition, GCs-treated rats had a
marked drop in the myocardial cell apoptosis rate and a rise in the mitochondrial membrane potential compared
to CLP rats. After intervention with GCs, the pathological changes in heart tissues were also reduced compared to
those in the sepsis group. Based on these results, we conclude that exogenous GCs can inhibit a drop in myocardial
mitochondrial membrane potential and inhibit myocardial cell apoptosis by blocking the activation of NF-kB, de-
creasing the generation of proinflammatory cytokines, and relieving inflammatory injury in heart tissues.
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Thus, there are no approaches to effectively
improve myocardial depression.

Introduction

Sepsis is a common, life-threatening complica-

tion that occurs following infection. The infec-
tion triggers an inflammatory response that
releases many cytokines and chemokines
throughout the body, which ultimately negative-
ly affects multiple organs. Its pathogenesis is
influenced by myocardial depression in 80% of
severe sepsis cases. Importantly, treatment
options in sepsis remain limited. Although posi-
tive inotropes can improve the ejection frac-
tion, their benefits are not guaranteed due to
increased myocardial oxygen consumption [1].

Glucocorticoids (GCs) are commonly used to
treat severe inflammatory diseases, including
sepsis. GCs activate the glucocorticoid recep-
tor pathway to enhance the activity of histone
deacetylase 2 and inhibit the transcription of
proinflammatory nuclear factor kappa B (NF-kB)
and activator protein-1 (AP-1) [2]. The effects of
GCs on myocardia have come to the forefront in
recent years; GCs can directly act on myocardi-
al cells and have protective effects on the car-
diovascular system [3, 4]. Recent evidence indi-
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cates that GCs have protective effects against
sepsis in animals, but there are no reports on
the effects against myocardial depression or
myocardial injury in sepsis. We sought to con-
struct models of myocardial injury in rats with
sepsis and perform intervention with GCs,
thereby exploring the protective effects of GCs
against myocardial injury in sepsis to provide a
theoretical basis for clinical treatment.

Materials and methods
Animal models of sepsis

Ninety-six healthy male Sprague-Dawley rats
(210-250 g) were provided by the Laboratory
Animal Center of Nanjing Medical University
(Nanjing, Jiangsu Province, China) and raised
with free access to food and water. Rats were
randomly assigned to three groups using a ran-
dom number table: an untreated sepsis group
(CLP group, N=32), a treated sepsis group (GCs-
treated group, N=32), and a sham-operated
control group (sham group, N=32). Cecal liga-
tion and puncture (CLP) were performed to
induce sepsis according to an established pro-
tocol [5]. 10% chloral hydrate (0.03 mL/kg)
(Tianjin Kemiou Chemical Reagent Co., Ltd.,
Tianjin, China) was subcutaneously injected as
an anesthetic, and rats were fixed and covered
under aseptic hole-towels. An~1.5-cm incision
was made along the midline of the abdomen to
expose the cecum. The cecum was ligated
approximately 1.5 cm from its root; ligation
within the blood vessels of the ileum and meso-
cecum was avoided. An 18-gauge needle was
used to puncture the cecum 3 times and then a
rubber drainage tube was inserted to prevent
puncture site closure. The cecum was squeezed
to allow stools to overflow and form a leak.
Then the cecum was reinserted in the abdomi-
nal cavity, and the abdominal wall incision was
sutured. GCs-treated rats received Hydro-
cortisone (10 mg/Kg, The Ninth Pharmaceutical
Factory of Shanghai) immediately after surgery
via intraperitoneal injection. The sham group
underwent a sham surgery in which the abdom-
inal cavity was opened to find the cecum and
the abdominal wall incision was sutured, but no
puncturing was done.

Identification of sepsis

After surgery, the experimental animals
regained consciousness very quickly. Rats with
sepsis presented with listlessness, lethargy,
delayed response, inactivity, fear of cold, hud-
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dling together, piloerection, anorexia, and
increased secretions at the canthi. CLP rats
displayed a large amount of purulent exudate
visible to the naked eye on the small intestine
serosal surface. Varying degrees of inflamma-
tory cell infiltration were observed in the tis-
sues: inside the alveolar space, there were
inflammatory exudates, peeling alveolar epithe-
lia, as well as focal necrosis of liver cells, which
was accompanied by inflammatory cell infiltra-
tion. The control group showed far fewer or no
abnormalities in organ secretion.

Cardiac hemodynamic indexes

After induction of sepsis, rats were subcutane-
ously injected with 10% chloral hydrate (0.03
mL/kg) as an anesthetic. Then, the right com-
mon carotid artery was separated and a cathe-
ter was inserted so that a polygraph could be
used to measure hemodynamic parameters:
left ventricular systolic pressure (LVSP), left
ventricular end-diastolic pressure (LVEDP),
maximum rate of left ventricular pressure rise
(+dP/dt__), and the maximum rate of left ven-
tricular pressure drop (-dP/dt

max)'

Preparation and storage of rat sera

5 mL of blood were taken from the inferior vena
cava and 2.5 mL of blood were placed in a tube
containing heparin as an anticoagulant. After
mixing, the tube was placed in a refrigerator at
4°C until ready for use in the detection of car-
diac troponin | (cTNI) and B-type natriuretic pep-
tide (BNP) by chemiluminescence method. The
remaining blood was placed at room tempera-
ture for 2 h, then centrifuged to collect serum.
The serum was stored at -74°C until use in the
detection of serum tumor necrosis factor-alpha
(TNF-a), interleukin 6 (IL-6), interleukin 10 (IL-
10), C-reactive protein (CRP), aspartate amino-
transferase (AST), lactate dehydrogenase
(LDH), and creatine kinase (CK). Rat IL-6, IL-10,
and TNF-a were detected using the appropriate
ELISA kits purchased from the Shanghai
Langka Company (Shanghai, China). Rat cTNI,
LDH, AST, CK, and CRP ELISA kits were provid-
ed by the Nanjing Jiancheng Bioengineering
Institute (Nanjing, China) and utilized according
to the manufacturer’s instructions.

Preparation of single-cell suspension

Fresh myocardial tissues were placed on a
120-mesh stainless steel net with a plate
underneath. The tissues were trimmed with
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Figure 1. Comparison of cardiac hemodynamic at different time in rats after the surgery (n=32). Note: *: P<0.05 vs.

Sham group, #: P<0.05 vs. CLP group.

ophthalmic scissors and gently rubbed with
ophthalmic forceps while being rinsed with nor-
mal saline. The suspension of cells that collect-
ed in the plate was then passed through a 300-
mesh copper net to remove cell aggregates.
The cell suspension was centrifuged at 500-
800 rpm for 2 min and the precipitate was col-
lected as a single-cell suspension. The super-
natant was removed and the concentration
was adjusted to 1x10%/mL.

Detection of myocardial apoptosis

100 uL of the cell suspension was placed ina 5
mL flow tube. Then, 5 pL of Annexin V/FITC and
10 uL of propidium iodide (20 pg/mL)
(Pharmagen, Silver Spring, MD) were added.
After shaking, the mixture was allowed to
undergo a reaction at room temperature away
from light for 15 min. 500 pL of Buffer was
added to the tube for flow cytometric analysis
using a FACS Calibur low laser cytometer
(Becton Dickinson, USA).

Detection of mitochondrial membrane poten-
tial

0.1 mL of 1x10%/mL single-cell suspension was
added to 100 pL of Rhodamine 123 (Sigma-
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Aldrich, St. Louis, MO) and incubated at room
temperature away from light for 30 min. Next,
10 mL of PBS were used to wash the cells once
before the supernatant was discarded and the
remaining fluid was used for flow cytometric
analysis.

Detection of NF-kB p65 in myocardia

0.1 mL of the 1x10%/mL single-cell suspension
was added to 100 pL of NF-kB p65 rabbit anti-
rat monoclonal antibody (Cell Signaling
Technology, Danver, MA) and incubated at room
temperature away from light for 30 min. 10 mL
of PBS were used to wash once, and then the
supernatant was discarded before 100 uL of
goat anti-rabbit FITC-IgG (SantaCruz Biote-
chnology, Dallas, Texas) were added as the sec-
ondary antibody. The mixture was incubated at
room temperature away from light for 30 min
and then added to 10 mL of PBS and centri-
fuged. Finally, the supernatant was discarded
to remove the nonconjugated fluorescent sec-
ondary antibody, and the remaining solution
was added to 0.1 mL of PBS and passed
through a 500-mesh copper net before detec-
tion in an Epics-XL Il flow cytometer (Beckman
Coulter, Brea, CA). When immunofluorescence-
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Figure 2. Serum indexes of inflammatory response after sepsis modeling in rats (n=32). Note: *: P<0.05 vs. Sham
group, #: P<0.05 vs. CLP group.
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Figure 3. Serum myocardial enzyme indexes at after sepsis modeling in rats (n=32). Note: *: P<0.05 vs. Sham group,
#:P<0.05 vs. CLP group.
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Figure 4. Myocardial apoptotic indexes 24 h after
sepsis modeling in rats (%, n=32). Note: ": P<0.05

vs. Sham group, #: P<0.05 vs. CLP group.
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Figure 5. Mitochondrial membrane potential in
myocardial cells 24 h after sepsis modeling in rats

(n=32). Note: ™: P<0.05 vs. Sham group, *: P<0.05
vs. CLP group.

Sham

labelled marker proteins were identified, a
background control and negative control were
designed by adding the primary antibody or
secondary antibody.

Heart tissue section generation

Routine HE-stained paraffin sections were gen-
erated and observed under the light micro-
scope (Olympus CX22).

Statistical analysis

SPSS 17.0 (IBM, Armonk, NY) was used to per-
form data analysis. Measurement data were
expressed as mean + standard deviation (x +
S) and the differences among groups were ana-
lyzed using the t-test or one-way analysis of
variance (ANOVA). A P<0.05 was considered to
be statistically significant.

Results
Generation of sepsis in experimental animals

After surgery, all experimental animals regained
consciousness quickly and cleaned them-
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Figure 6. NF-kB p65 expression levels in heart tis-
sues 24 h after sepsis modeling in rats (n=32). Note:
*: P<0.05 vs. Sham group, *: P<0.05 vs. CLP group.

selves. Both the CLP group and the GC-treated
rats presented with significantly accelerated
heart rates and breathing, poor mental status,
lethargy, markedly rising temperature, anorex-
ia, piloerection, diarrhea, as well as hemor-
rhage and/or hemorrhagic tendency. Appro-
ximately 3 h after surgery, the sham group
returned to normal activity and food and water
intake. The 7-day survival rates of the sham
group, CLP group, and GCs-treated groups were
70%, 30%, and 50%, respectively.

Cardiac hemodynamic indexes are improved in
CG-treated rats

Compared to the sham group, CLP rats present-
ed with a significant rise (P<0.05) in VSP, +dp/
dt .. and LVEDP as soon as 3 h after surgery
(Figure 1). The GCs-treated group had a signifi-
cant improvement (P<0.05) compared to the
CLP group in all hemodynamic indexes at the
different time points.

Inflammatory response factors are altered in
response to GC treatment

Compared to the sham group, the CLP group
had a marked rise in the CRP, TNF-a, IL-6, and
IL-10 (P<0.05, P<0.01, Figure 2). Compared to
the CLP group, the GC-treated group had a drop
in the levels of CRP, TNF-«, and IL-6 (P<0.05)
and higher IL-10 levels (P<0.05) at the different
time points after surgery.

Myocardial enzyme indexes are elevated in
CLP rats

CLP rats exhibited cTNI levels reaching their
peak 12 h after modeling, which was markedly
elevated compared to the sham group (Figure
3). The cTNI levels at the various time points
were significantly higher than those in the sham
group (P<0.05). Compared to the sham group,
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Figure 7. Pathological changes of myocardium in rats 24 h after the surgery (HE x200). (A) Sham group (B) CLP
group (C) GCs group.

the CLP group had increased CK, AST, and LDH
(P<0.05). In addition, the levels of CK, AST, and
LDH at the various time points were higher than
those in the GCs-treated group (P<0.05).

Myocardial apoptosis is rescued in GC-treated
rats

Compared to the sham group, myocardia from
the CLP group had a rise in both early and late
apoptotic cells 24 h after modeling (P<0.01,
Figure 4). Both early and late apoptosis was
observed in the GCs-treated group to be lower
than that in the CLP group (P<0.01).

Mitochondrial membrane potentials are im-
proved in GC-treated rats

Compared to the sham group, the CLP group
had a markedly left-shifted fluorescence peak
in myocardial cells, indicating that the mito-
chondrial membrane potential had dropped
markedly (P<0.01, Figure 5). Compared to the
CLP group, GCs-treated rats had a markedly
right-shifted fluorescence peak, indicating that
the drop in the mitochondrial membrane poten-
tial was improved (P<0.01).

NF-kB p65 expression levels are reduced in
GC-treated rat heart cells

Compared to the sham group, CLP rats had
markedly elevated NF-kB p65 expression levels
24 h after modeling (P<0.01). Compared to the
CLP group, GCs-treated rats had a significantly
reduced NF-kB p65 expression level (P<0.01,
Figure 6).

GC-treatment altered myocardial structures
Morphological changes in rat hearts were

observed under a light microscope (200x mag-

12216

nification, Figure 7). In the sham group, clear
myocardial structures were visible and regularly
arranged cardiac muscle fibers were observed
with clear cross striations and normal struc-
tures. In the CLP group, significant myocardial
cellular edemas were visible, small focal hem-
orrhages and necroses appeared widely in the
myocardia, and there was a large amount of
inflammatory cell infiltration in the myocardia.
In the GC-treated group, cardiac muscle fibers
appeared to be arranged undulantly, and there
was inflammatory cell infiltration in the
myocardia.

Discussion

During the onset of sepsis, bacteria and their
products stimulate neutrophils, monocytes,
macrophages, and endothelial cells to produce
and release a great number of cytokines, which
induce myocardial apoptosis. Myocardial apop-
tosis reduces the number of myocardial cells
and leads to the deterioration of cardiac func-
tion, a hallmark of septic shock [6]. Sepsis
presents with myocardial injury and myocardial
depression, and when it becomes severe, 40%-
50% of patients experience cardiac insufficien-
cy [7]. Our study showed that a rat model of
sepsis experienced severe myocardial injury,
cardiac function decline, and abnormal myocar-
dial cell function. However, this pathology was
significantly improved by glucocorticoid trea-
tment.

GCs-treated rats had elevated LVSP, reduced
LVDP, and elevated tdp/dt__, suggesting that
GCs played a role in the improvement of hemo-
dynamic performance. cTNI is only found in
myocardial cells, and a rise in its level is a high-
ly sensitive marker for myocardial injury.
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Therefore, serum CcTNI levels can indirectly
reflect the severity of myocardial cell injury [8].
We found that under septic conditions, cTNI lev-
els rose significantly, reaching a peak at 12 h
and remaining significantly higher than normal
values, implicating persistent myocardial injury.
Following the intervention with GCs, cTNI levels
dropped significantly, suggesting that GCs
played a protective role against myocardial inju-
ry. Observation under the light microscope
showed marked changes with GC treatment,
signifying that GC intervention could markedly
reduce myocardial enzymes, relieve myocardial
cellular edema, and improve muscle fiber struc-
ture and inflammatory response.

GCs are known to down-regulate proinflamma-
tory cytokines, including TNF-«, IL-6, and IL-8
[9-13]. In this study, CLP rats had a marked rise
in serum CRP, TNF-a, and IL-6, while the
GC-treated group had a marked drop in these
levels and marked up-regulation of IL-10, an
anti-inflammatory cytokine, suggesting that
GCs play a significant role against the inflam-
matory response. NF-kB is considered to be a
genetic switch for inflammatory responses and
a regulatory cytokine at the core in the inflam-
matory signaling pathway. Exogenous GCs with
broad-spectrum anti-inflammatory effects are
widely used to treat multiple inflammations and
autoimmune diseases [11]. NF-kB P65 protein
levels were reduced after intervention with
GCs, suggesting that GCs may inhibit NF-kB
activation and reduce the expression of its
downstream inflammatory mediators. This may
be one of the important mechanisms through
which GCs protect myocardia.

When sepsis occurs, there is abnormal apopto-
sis in immune and tissue cells that is closely
correlated with the duration and prognosis of
the disease. Therapeutic measures for correct-
ing abnormal apoptosis have been developed
gradually and have shown promising results in
animal models [14-18]. Our study utilized flow
cytometry to detect apoptosis and found that
compared to the sham group, the GC-treated
and CLP groups had marked increases in both
early and late heart cell apoptotic rates 24 h
after septic injury. The early apoptotic rate in
the GC-treated group was significantly lower
than that in the CLP group, suggesting that GCs
can inhibit myocardial apoptosis after sepsis.

Mitochondrial transmembrane potential is nec-
essary for maintaining normal mitochondrial
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oxidative phosphorylation and adenosine tri-
phosphate production necessary for mitochon-
drial function [19]. A drop in the mitochondrial
transmembrane potential is an irreversible
event in the early stages of apoptosis. Our
study confirmed that when sepsis occurred, the
mitochondrial function of organ cells changed,
and the mitochondrial membrane potential
dropped. Compared to the CLP group, the
GC-treated cardiac cells had a markedly right-
shifted fluorescence peak, indicating that the
drop in mitochondrial membrane potential
seen in the CLP cells was inhibited, blocking
the progression of apoptosis.

In summary, our experiments demonstrate that
exogenous GCs given to rat models of sepsis
can inhibit the ill-fated drop in myocardial mito-
chondrial membrane potential associated with
apoptosis and inhibit the activation of NF-kB,
decrease the generation of proinflammatory
cytokines, and relieve inflammatory injury in
heart tissues. These mechanisms play protec-
tive roles in the injured myocardia and improve
heart function.
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