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The study aimed to assess the cardioprotective potential of celastrol against cardiac
injury induced by sepsis via amelioration of IL6, TNF, TLR4, IL10, F2-isoprostane, cardiac
troponin, and CK-MB, as well as at histological level.

Twenty-four Swiss albino mice aged between 6 and 8 weeks, weighted
between 20 and 30g, were included and were randomly divided into four groups; Sham,
Sepsis (laparotomy with CLP), Vehicle (treated with the equivalent volume of DMSO), and
celastrol (treated with 2mg/kg IP 1hr before CLP) groups. By spectrophotometric assay,
blood samples were then aspirated for cardiac troponin and CK-MB assessment. Part of the
cardiac tissue was used to assess the levels of TNFq, IL6, IL10, F2-Isoprostane, and TLR4
by ELISA method; another part was used to assess the degree of cardiac tissue damage by
histopathological analysis.

Significant cardiac damage was noticed in the sepsis group (p<0.05) as compared
with the sham group, manifested by a significant elevation in inflammatory markers (TNFq,
IL6, TLR4) and oxidative stress marker (F2-Isoprostane) as well as cardiac troponin and CK-
MB, with a significant reduction in IL10. Pretreatment with celastrol resulted in a significant
reduction in TNF, IL6, TLR4, F2-Isoprostane, troponin, and CK-MB with significant elevation
in IL10 compared to the sepsis group. In the same manner, significant histological damage
was encountered in the sepsis group compared to the sham group, while the celastrol-treated
group exhibited minor histological damage compared to the sepsis group.

Celastrol has cardio-protective effects against cardiac injury induced by
endotoxemia.

Celastrol; Sepsis; Troponin; TLR-4
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Introduction

Sepsis is a critical clinical condition that carries a high
rate of morbidity and mortality; occurs when the
body's defenses against infection and pathogen
invasion are dysregulated and seriously harm its
tissues and organs, resulting in end-organ damage
and failure (%2, [t represents the body's reaction to a
massive and severe infection that has failed to be
locally controlled due to a dysregulated immune
response and overwhelming life-threatening
complications, especially in susceptible individuals [3:
4], Sepsis is a dangerous worldwide health insult with
a high rate of mortality and high economic concern [51.
This condition is frequently complicated by cardiac
injury in which the heart is the most affected organ
by sepsis; this cardiac insult is manifested by an
increment in cardiac troponin and creatine-kinase
MB (CK-MB) [6 71. That situation usually induces
depression of cardiac muscle, impairment of
coronary arterial circulation, defective cardiac
contraction, cardiomyopathy, and mitochondrial
damage. Sepsis provokes a systemic inflammatory
response, increases pro-inflammatory cytokines
production such as interleukins 6 (IL6), tumor
necrosis factor (TNF), and toll-like receptor 4 (TLR4)
with consequent overt cytokine storm [8], energy
depletion with oxidative stress burden together with
endothelial dysfunction and apoptosis all are
responsible for cellular damage and death [°l.

Many factors are involved in myocardial injury
during sepsis: cytokines, complement cascade
elements, damage associated with variable molecular
patterns, ROS, and oxidative stress, dysregulated
metabolism of nitric oxide, mitochondrial injury,
disturbed calcium homeostasis within cells, and
apoptosis [10. The endothelial dehiscence will also
induce vascular leakage, interstitial edema,
coagulopathy, and inflammatory response that
augment the adverse burden of sepsis [1l. This
destruction of the endothelium can disturb
microvascular blood flow, increase vascular leakage,
and consequent edema [12],

TLR4 is the key member of the toll-like receptor
family responsible for pattern recognition. It
performs various functions in pathological
conditions, such as cardiovascular disease, neuronal
degeneration, inflammatory bowel diseases, and
allergic, metabolic, and autoimmune disorders [131,
TLR4 has the highest level in the heart compared to
other TLRs and plays a vital role in myocardial
inflammation, including myocarditis, ischemia-
reperfusion injury, atherosclerosis, hypertension,
and heart failure [13l. TLR4 has been known as a
receptor for Lipopolysaccharides and plays an
important role in initiating inflammation, myocardial
injury, and dysfunction [l Variable signaling
pathways are activated upon TLR4 binding to
lipopolysaccharides like primary response protein
88: MyD88 [5 14, Macrophage scavenger receptor
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class A is suggested in recent research as a co-
receptor for TLR4 to facilitate inflammatory
responses, promote cell apoptosis, and suppress cell
survival 151,

Isoprostanes are free radical-catalyzed PG-like
products. They are broadly documented as a vital
marker for oxidative stress and systemic lipid
peroxidation in vivo. Formation of these substances
is increased in a variety of cardiovascular diseases
(CVD) and may predict the risk of cardiovascular
complications in patients. Several isoprostanes may
openly contribute to the functional concerns of
oxidant stress by affecting endothelial cell
regeneration and function, tone of vessels,
hemostasis, and ischemia/reperfusion injury [6l.
Indeed, human and animal studies have researched
the correlation between oxidative  stress
accompanied by increased levels of isoprostane and
the outcome of CVD. Therefore, a targeted inhibition
of isoprostane formation could help improve
outcomes in CVD patients [1€],

Despite extensive clinical research dealing with
cardiomyopathy and cardiac injury due to
endotoxemia regarding its mechanisms,
pathophysiological disturbances, and complications,
no definite treatment is valuable, and most of the
clinical options are uncertain 171,

To understand the pathology and causes of human
sepsis, researchers have developed a model of cecal
ligation and puncture (CLP), which consists of the
cecal ligation and perforation to release the fecal
material into the peritoneum; this will generate an
exaggerated immune response due to polymicrobial
infection, CLP model is of high clinical relevancy [18
19],

Celastrol is an extract of the Tripterygium wilfordii
hook in China. It is a methide triterpenoid with
pleiotropic properties, such as antiinflammatory,
antioxidant, and immune modulation [20],

Celastrol is a potent antiinflammatory agent via a
reduction in IL6, IL1 B, TNF, TLR4, and NFKB, as
indicated by previous studies via inhibition of
signaling pathways activated by inflammation [211. It
also has an antioxidant property manifested by its
role in reducing ROS, lipid peroxidation, and
adhesion molecules, together with enhancing
antioxidant defenses [22]. Celastrol was found to
ameliorate right-sided heart failure by reduction of
oxidative stress, inflammation, and remodeling of the
pulmonary artery, so a reduction in cardiac failure in
mice subjected to hypoxia-induced pulmonary
hypertension by reducing right ventricular
remodeling, systolic blood pressure, hypertrophy,
impaired function, and fibrosis [23]. Celastrol could
impede inflammatory reactions induced by sepsis as
well as retard the production of variable pro-
inflammatory cytokines and chemokines. Celastrol
could similarly maintain mitochondrial functions by
antagonizing certain oxidative and inflammatory
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pathways. Celastrol could induce upregulation of
certain inflammatory nuclear receptors, so it has an
effective anti-inflammatory role, which provides the
basis for the development of new agents that can
oppose inflammation by maintaining mitochondrial
functions and homeostasis [24.

Celastrol enhances strong pro-survival signals that
are responsible for the improvement of cardiac cell
survival during hypoxia. Continuous celastrol
treatment in rats with myocardial ischemia and
permanent ligation of the coronary artery for two
weeks decreases the size of the infarcted area,
improves cardiac performance and function, and
protects against deleterious remodeling of the left
ventricular wall [25], Celastrol exerts cardioprotective
properties dependent on ameliorating Reactive
Oxygen Species and Heat Shock response since the
increased oxidative stress after ischemic insults will
trigger Heat Shock protein activation. Celastrol
augments several Heat Shock Protein mRNA
expressions, such as HSP (70 and 32), leading to their
translocation from the cytoplasm to the nucleus [231.
Celastrol could decrease the expression level of pro-
inflammatory markers with increased expression of
antiinflammatory cytokine IL-10 in the liver and
adipose tissue. In addition, celastrol reduced the
plasma levels of inflammatory cytokines such as IL-6
and IL-1f in the experimental mouse model [5I.
Previous studies have provided celastrol with
variable cytoprotective and pleiotropic properties,
making it a good candidate agent for ameliorating
cardiac injury accompanied by sepsis. The study
aimed to assess the cardioprotective potential of
celastrol against cardiac injury induced by sepsis via
amelioration of IL6, TNF, TLR4, IL10, F2-isoprostane,
cardiac troponin, and CK-MB, as well as at histological
level.

Materials and Methods

In this experimental study, 24 adult male mice were
included; they were 6-8 weeks old and weighed 25-
30g. The animals were randomly allocated into four
groups (n=6);

- Sham: Midline 1-2cm laparotomy under anesthesia
without CLP

- Sepsis (CLP): Laparotomy, had their cecum exposed
ligated and off by suture below the ileocecal valve and
punctured one time by a needle gauge 19 [26]

- Vehicle (DMSO): An equal volume of vehicle IP 1
hour before laparotomy and CLP [27]

- Celastrol: Treated with 2mg/kg in 1-hour IP before
the CLP process [27]

All animals were supervised while maintaining good
hydration and body temperature, and all procedures
were performed under anesthesia. Careful animal
supervision was maintained throughout the time of
study. Celastrol powder was supplied by (Solarbio;
China) and dissolved in diluted DMSO 5% in normal
saline, and dimethyl sulfoxide (DMSO) was supplied
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by (Abu Dhabi Medical; UAE). Complete Protease
inhibitor liquid was supplied by (Medchem Express;
United States). After 24 hours, they were sacrificed by
using ketamine and xylazine to obtain blood and
tissue samples. Blood had been aspirated from the
heart to assess the serum troponin (Beckman
Coulter; USA) and CK-MB (Beckman Coulter; USA) by
spectrophotometric assay. Cardiac resection was
done, and the heart was divided into two parts; one
for homogenate to be used in the ELISA (TNF-q, IL-6,
IL-10, F2- isoprostane levels) procedure (BT-LAB;
China), another part was preserved in formalin,
processed, then fixed in paraffin and prepared for
histopathological analysis [28].
Kolmogorov-Smirnov and Schapiro tests were
applied after testing the normality of data. ANOVA
test was applied for the mean difference of numerical
variables among study groups with their bar chart
using SPSS 26 software.

Findings

There was a significant elevation in serum troponin
in sepsis and vehicle groups compared to the sham
group. In contrast, pretreatment of mice with
celastrol resulted in a significant reduction in the
level of serum troponin (Figure 1a). There was a
significant elevation in serum level of CK-MB in sepsis
and vehicle groups compared to the sham group. In
contrast, the pretreatment of mice with celastrol
significantly reduced the tissue level of CK-MB
(Figure 1b). The tissue level of IL6 was significantly
elevated in the sepsis and vehicle groups compared
to the sham group. In contrast, pretreatment of mice
with celastrol significantly reduced the tissue level of
IL6 (Figure 1c). There was a significant elevation in
the tissue level of TNFa in sepsis and vehicle groups
compared to the sham group. In contrast,
pretreatment of mice with celastrol significantly
reduced the tissue level of TNFa (Figure 1d).
Compared to the sham group, there was a significant
elevation in the tissue level of F2 isoprostane in
sepsis and vehicle groups. In contrast, pretreatment
of mice with celastrol significantly reduced the tissue
level of F2 isoprostane (Figure 1le). There was a
significant reduction in tissue level of IL10 in sepsis
and vehicle groups as compared to the sham group.
In contrast, pretreatment of mice with celastrol
significantly elevated the tissue level of IL10 (Figure
1f). There was a significant elevation in the tissue
level of TLR4 in sepsis and vehicle groups compared
to the sham group. In contrast, pretreatment of mice
with celastrol significantly reduced the tissue level of
TLR4 (Figure 1g).

A histological section from a mouse in a sham group
exhibited normal cardiac tissue without evidence of
pathological injury (Figure 2a). In contrast, a section
from the mouse in the sepsis group manifested
significant histological damage via necrosis, vascular
congestion, and inflammatory cell infiltration with
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damaged normal tissue architecture (Figure 2b).  inflammatory cell infiltration, vascular congestion,
Pretreatment of mice with celastrol reduced the and restoration of near-normal cardiac tissue
degree of histological damage via a reduction in  architecture (Figure 2c).
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Figure 2. All sections were stained with hematoxylin and eosin in 40X. (a) Myocardial tissue of the sham group demonstrates normal-

looking cardiac tissue; (b) CLP group, score four damaged myocardial tissue, hemorrhage (Blue arrow) with acute inflammatory cells (Red
arrow); (c) celastrol-treated group, score one mild myocardial damage, interstitial edema (Blue arrow)

Discussion

Acute cardiac injury and cardiomyopathy are
recognized fatal complications of sepsis and septic
shock in which mortality rate can reach up to 60%
among intensive care unit patients. Unfortunately, no
definite treatment for this major insult is considered
standard.

Many studies and research are directed toward using
variable medications, herbal medicines, natural
products, and targeted therapeutic modalities that
could minimize the cardiac burden due to endotoxins
during sepsis.

In this study, CLP and sepsis have led to a significant
increment in serum troponin, which is in
concordance with Lackner, who found that
experimental sepsis can lead to a profound increment
in cardiac troponin 1, which might be attributed to
increased expression with up-regulation of troponin
in the left ventricles mediated via inflammation [2°1,
In the same manner, CK-MB was significantly
elevated in the sepsis group, which is similar to that
found by Liu et al. and Sang et al., who found that CK-
MB was significantly increased in mice that
underwent CLP and sepsis due to cardiac cell damage
mediated by overt inflammation, oxidative stress,
and tissue destruction [30.31],

Proinflammatory cytokine IL6 was highly elevated in
the sepsis group, similar to previous studies [31-33], In
contrast, counter-regulatory cytokine IL10 was
significantly decreased in the sepsis group, which is
compatible with Gao S et al,, who stated that septic
shock would profoundly reduce the level of IL10 via
a down-regulatory mechanism [B4. Meanwhile,
treatment with celastrol significantly increased the
level of IL10, which is in concordance with Zhao | et
al,, who proved that celastrol ameliorated colitis in
mice deficient with IL10, reduced tissue
inflammation, decreased ROS concentration together
with suppression of inflammatory cytokine [331,
Sepsis will increase oxidative stress burden on
different tissues, including the heart, is manifested by
an increased level of F2 isoprostane marker, which is
similar to that found by Alnfakh et al., who found that
endotoxemia had produced a profound increment in
the level of F2 isoprostane, which might be attributed
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to high levels of inflammatory cytokines produced
both in systemic circulation and locally in the affected
organ in addition to hypoxia [36l.

In this research, the tissue level of TNF alpha was
highly elevated in the sepsis group, which is similar
to that found by Zeng N et al.,, who found that sepsis
increased the level of TNF and NFkB in cardiac tissue
and provoked an inflammatory response and
destruction of cardiomyocytes [371.

Toll-like receptors are well known as the main
receptors for certain microbial pathogens expressed
in innate immunological cells and the heart. TLR4
signaling pathway activation during septicemia
results in cardiac depression and impairment of
cardiac function B8], TLR4 level was significantly
elevated in the sepsis group in this research which is
in concordance with Wang Y et al, who found that the
tissue level of TLR4 was extremely elevated in mice
with septicemia which was attributed mainly to
increased its expression by affected tissues [39].
Pretreatment of mice with celastrol has significantly
reduced the level of troponin and CK-MB,
inflammatory markers, as well as oxidative stress
markers, which can be attributed mainly to the
powerful cardio-protective properties of this natural
product since it can protect cardiomyocytes against
damage, hypertrophy, or death via multiple and
complicated mechanisms that were hampering
inflammation, ROS  generation, endoplasmic
reticulum stress, and apoptosis 401,

The cardioprotective effects of celastrol in this study
were also in agreement with the previous study by
Der Sarkissian S et al, who found that during
permanent ligation of the coronary artery in rats with
celastrol treatment for two weeks, the infarct size
was highly reduced with improvement of cardiac
function and reduction of left ventricular dilation and
remodeling [25].

Another explanation of these cytoprotective
properties of celastrol is the up-regulation of tissue
survival pathways such as PI3K/AKT/ERK1,2
signaling pathway that promotes cell viability and
reduces cell death in addition to enhancement of
cellular viability during hypoxia [25].

Pretreatment of mice with celastrol led to a reduction

Fall 2023, Volume 15, Issue 4



Cardioprotective Potential of Celastrol in Sepsis-Induced Cardiotoxicity; Mouse Model of Endotoxemia 366

in the level of cardiac TLR4 which is in agreement
with Li G et al, who found that celastrol decreased
mRNA expression of matrix metalloproteinases in
addition to inhibition of certain transcription factors
involved in inflammation and NF-kB expression so
decrease the level of TLR4 via inhibition of TLR4-
NFKkB signaling pathway [411.

Sepsis-induced overt histological damage in cardiac
tissue manifested by necrosis, inflammatory cell
infiltration, and blood vessel congestion, which is in
agreement with Zigam et al, who found that sepsis
produced contraction areas within cardiac tissue
with  neutrophilic infiltration, necrosis, and
interstitial edema [42l, Whereas pretreatment with
celastrol produced a reduction of histological damage
and restoration of near normal cardiac tissue
architecture with significant cardiac tissue
protection, such effect was also documented by Fan ]
et al, who found that celastrol reduced the
histological damage of the myocardium post
myocardial infarction via its anti-inflammatory and
antioxidant properties [431.

Celastrol was found to have anti-apoptotic, anti-
inflammatory, and cardiac protection against diabetic
cardiomyopathy in an animal model of diabetes by
preventing cardiac remodeling mediated by
inhibition of the ACE-ANGR1 pathway [44],

The current study used celastrol in a single dose
equal to 2mg/kg, so further work with more different
doses and longer duration is feasible. On the other
hand, the cardioprotective effect of this natural
substance appeared to be mediated by TLR4
downstream signaling pathways, including NF-xB
cascades. Other possible mechanisms that need more
investigation may be involved.

Conclusion

Celastrol has cardio-protective properties in
endotoxemia-induced cardiac injury in mice
mediated by its anti-inflammatory, antioxidant, and
cellular protective properties and modulating effects
on the TLR4 signaling pathway.
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