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Abstract

Introduction: Evidence declared lipopolysaccharide (LPS) initiates inflammatory responses by
stimulating the abandon of cytokines, which may perturb organ function. On the other side,
it has been suggested Cedrol has potential properties, including anti-inflammatory and anti-
oxidative activities. Herein, this study was done to assess the protective effect of Cedrol against
LPS-associated heart damage.

Methods: Thirty-five rats (200-250 g) were sorted into five groups, including control, LPS,
LPS-Cedrol 7.5 mg/kg, LPS-Cedrol 15 mg/kg, and LPS-Cedrol 30 mg/kg groups. Cedrol was
administrated through injected intra-peritoneally for two weeks. The heart tissues were removed
and malondialdehyde (MDA) as a lipid peroxidation marker, superoxide dismutase (SOD), and
catalase (CAT) as antioxidant markers were assessed. Furthermore, the interleukin (IL)-6 level
in cardiac tissue was measured and Masson’s trichrome methods were employed to appraise
cardiac inflammation and fibrosis, respectively.

Results: Inflammation induced by LPS was significantly accompanied by myocardial fibrosis
which was shown by Masson’s trichrome staining (P<0.001). In addition, LPS administration
enhanced the MDA level while it diminished the activity of anti-oxidant markers such as CAT
and SOD (P<0.001 for all cases). In the histological results, Cedrol improved LPS-induced
inflammation and cardiac fibrosis (P<0.01 to P<0.001). Cedrol also enhanced CAT and SOD
activities, whereas declined MDA level in the cardiac tissue (P<0.01 to P<0.001).

Conclusion: The current findings proposed that the administration of Cedrol exerted a protective role
in LPS-associated heart damage by reducing inflammation, cardiac fibrosis, and oxidative stress.
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Introduction be involved in the pathophysiologic processes of LPS-

Lipopolysaccharide (LPS) is an antigenic component of
gram-negative bacteria cell walls, which is widely used in
experimental studies to induce an inflammatory response.’
As an immunogenic agent, LPS may help the researchers
study the mechanisms of inflammatory procedures.*?
LPS increases the discharge of inflammatory cytokines
including interleukin (IL)-6 through the activation of
intracellular pathways related to toll-like receptors (TLR)
such as nuclear factor kappa beta (NF-kB).* Activation
of TLR in the heart by LPS can trigger significant
pathological changes because of the actuation of the innate
immune system.*® Oxidative stress has been proposed to

induced toxicity. Systemic inflammation caused by LPS is
mainly associated with the occurrence of oxidative stress
in the cardiovascular system.” Besides, oxidative stress is
one of the pivotal contributors to cardiac fibrosis in LPS-
challenged animals.®*° There is evidence for the impress of
the TLR signaling pathway in the pathogenesis of cardiac
fibrosis.!! Also, LPS exposure is thought to cause structural
changes such as cardiac fibrosis through its effect on the
renin-angiotensin system activity in the heart tissue."
Cardiac fibrosis is a hallmark of maladaptive hypertrophy
which is characterized by the adverse accumulation of
collagens and other extracellular matrix (ECM) elements
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Cedrol improved inflammation induced cardiac injury

following the activity of fibroblasts. In addition, cardiac
fibrosis is one of the pivotal factors for heart failure that
leads to diastolic dysfunction and it is associated with
disability and even death in patients."*

Medicinal plants have been used as important sources of
anti-inflammatory and antioxidant agents for many years.
Numerous kinds of research are ongoing to investigate
the therapeutic potential of their various compounds in
pathological situations such as cardiac fibrosis."**¢ Cedrol,
isolated from Juniperus chinensis, is a natural bioactive
sesquiterpene with many medicinal consequences
including anti-inflammatory, antioxidant, and anti-cancer
activity.”” In an experimental study conducted on a rat
model of arthritis, administration of Cedrol exerted its
therapeutic effects by modulating serum oxidative stress
markers.”® As mentioned above, the administration of
LPS can cause structural changes such as fibrosis in the
cardiovascular system. On the other hand, no research
has been done on the cardioprotective and anti-fibrotic
properties of Cedrol. To this end, based on the anti-
inflammatory and antioxidant outcomes of Cedrol, this
research was designed to find out the potential for Cedrol
to attenuate LPS-induced inflammation, oxidative stress,
and fibrosis in the cardiac tissue.

Material and methods

Chemicals and reagents

Cedrol was purchased from Tinab Shimi Khavarmianeh
Company (Mashhad, Khorasan Province, Iran), LPS was
obtained from Sigma Company (USA), and the IL-6 assay
kit was purchased from Karmania, Kerman, Iran.

Animals and Ethical Statement

Thirty-five male Wistar rats were kept in a standard
condition with a 12:12 light-dark cycle, a regulated
temperature at 22-24°C, and 40 -60% humidity with free
access to food and water. All animal experimentations
were approved by the Research Ethical Committee of
Mashhad University of Medical Sciences under the Ethical
Committee code (IR.MUMS.REC.1402.038).

Experimental design
G power software was utilized to estimate the sample
size. Considering a=0.05, power=0.80, and employing

the mean of malondialdehyde (MDA) concentration

Figure 1

Week 1

(max=26, min=16, and SD=6 based on the prior
studies), the sample size was computed to be 35. Animals
were separated into 5 groups (n=7/each group). Control
group: the rats were given the vehicle, LPS group: 1 mg /
kg of LPS was injected intra-peritoneally, Cedrol treated
groups in which 7.5, 15 and 30 mg/kg Cedrol was injected
intra-peritoneally before LPS infusion.’” The previous
studies illustrated that repeated administration of LPS
for 2 weeks is followed by heart tissue damage.”” The
previous studies in which Cedrol was shown to have anti-
inflammatory properties were considered to choosing
the doses of Cedrol.'®*' Besides, some investigations
were also considered for the method of administration
of Cedrol*** The injection of vehicle, LPS, and also the
mixture of Cedrol with LPS was done during 2 weeks
of the study. Cedrol was dissolved in the normal saline
plus dimethyl sulfoxide (DMSO) and LPS was dissolved
in the normal saline. After completing the prescription,
the rats were humanely killed under anesthesia using
ketamine-xylazine. A small piece of the cardiac tissue was
homogenized in a cold phosphate buffer solution using
a homogenizer. A 10 % solution (W/V) was prepared,
and centrifuged. The supernatants were used for further
analysis. Another part of the heart was washed with ice-
cold saline and then immersed in buffered formalin 10%
for histopathological evaluation (Figure 1).

Determination of antioxidant markers concentrations in
cardiac tissue

In the supernatants of heart homogenates, oxidative
stress markers were determined based on the protocol of
previous studies.

In this study, the MDA level of the heart tissue was
estimated as a profile of lipid peroxidation. Determination
of the level of MDA was carried out using a mixture
solution of trichloroacetic acid (TCA), thiobarbituric
(TBA), and hydrochloric acid (HCL). The compounds
were purchased from Sigma Aldrich Company, United
States. In this colorimetric process, a red complex with a
peak absorbance of 532 nm emerged when TBA responded
with MDA *

The catalase (CAT) and superoxide dismutase (SOD)
enzyme activity as well as the total thiol level of the heart
tissue were investigated as indicators of the antioxidant
capacity of the heart tissue. The level of total thiol was

Tissue collection

Histological assessments

Week 2

>

A

1- LPS administration (1 mg/kg ) in the groups
2- Saline administration instead of LPS in the group 1
3- Cedrol administration(7.5, 15 or 30mg/ kg) in the groups 3-5

S~

Biochemical assessments

4- Vehicle administration( saline diluted DMSO) instead of Cedrol in the groups 1-2

Figure 1. A diagram which shows the treatments and period of experiments
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evaluated in the existence of 5,5 dithiobis2-nitrobenzoic
acid (DTNB, Sigma Aldrich Company, United States) as
a reagent. After adding DTNB, the yellow mix with an
absorbance pinnacle of 412 nm emerged when DTNB
reacted with thiol levels.”® According to the approach of
Aebi, the CAT activity was specified as the micromoles of
the hydrogen peroxide detached, and the high level of CAT
caused a decline in absorbance.” In order to measure SOD
enzyme activity, the superoxide resulting from pyrogallol
auto-oxidation converted tetrazolium into red formazan
with absorbance at 560 nm. The procedure was as earlier
expressed.”’

Inflammation assessment in cardiac tissue

The interleukin-6 ELISA kit for rats was operated on to
determine inflammation markers in the heart tissues
matching the manufacturer’s teaching (Karmania, Pars
Gene, Iran).

Masson’s trichrome staining and histopathological
assessment

Cardiac tissue fix was performed through 10% formalin
for 72 hours. Then, they were dehumidified alcohol,
transparented in xylene, and entrenched in paraffin.
Cut coronal serial sections by 5um thick were carried
out operating a microtome. Ultimately, cardiac slices
were dyed with Masson’s trichrome and studied under
light microscopy. In this staining, heart fibrosis was
characterized by the collagen precipitate (blue-dyed) and
an ample excess of connective tissue around the vessels.
In summary, the samples via xylene and declining graded
ethanol (100%, 90%, and 70%) were deparaftinized and
rehydrated, respectively. Afterward, they were dipped
in distilled water and located in Hematoxylin Weigert
for 10 minutes. The next steps included washing with
distilled water, immersing in fuchsine acid (30 seconds),
and phosphotungstic-phosphomolybdic acid solution,
respectively. Then, the samples were dyed with an aniline
blue solution for 15-20 minutes. Ultimately, to determine
tissue fibrosis, Image J software was used. The average
staining intensity was calculated and changed to an optical
density (OD) as previously procedure.”® The experimenter
was blind to the treatments of the groups.

Statistical analysis

The normalcy of the data was analyzed utilizing the
Kolmogorov-Smirnov test. The findings of this research
were submitted as mean +SEM and GraphPad Prism 8.0
was employed to conduct statistical examinations. The
significance between groups was specified using one-way
ANOVA and post hoc test. P values<0.05 were deemed
statistically significant.

Results
Inflammation
To confirm LPS-induced inflammation, the interleukin-6

level was measured. As shown in Figure 2, the IL-6 level
was markedly increased in the LPS group compared with
the control group (P<0.001). The comparison between
the Cedrol-treated groups with the control group revealed
that the IL-6 value was markedly higher than compared
to the control group (P<0.001, P<0.001, and P<0.01 for
LPS - Cedrol 7.5, LPS - Cedrol 15 and LPS - Cedrol 30).
However, Cedrol with doses 15 and 30 mg/kg induced a
remarkable decrement in IL-6 level compared with the LPS
group (both P<0.001). Also, the IL-6 concentration in the
LPS-Cedrol 30 group was remarkably lower than in the
LPS-Cedrol 15 and LPS-Cedrol 7.5 groups (P<0.05 and
P<0.001, respectively). It was also shown that treatment
with 15 mg/ kg Cedrol was more influential than 7.5 mg/
kg (P<0.001).

Oxidative stress

According to Figure 3 (A), injections of LPS markedly
augmented the MDA level in the heart tissue (P<0.001).
Treatment with 15 and 30 mg/kg of Cedrol markedly
alleviated the level of this index of oxidative stress in heart
tissue (P<0.01 and P<0.001 respectively, compared to the
LPS group), while this reduction was not considerable in
the LPS - Cedrol 7.5 group. The level of MDA in both LPS-
Cedrol 7.5 and LPS-Cedrol 15 was markedly higher than
the control group (P<0.01 and P<0.001). The comparison
of the Cedrol-treated groups shows that the amount of
MDA reduction in the LPS-Cedrol 30 group was more
than the LPS-Cedrol 7.5 group (P<0.05), whereas there
was no remarkable difference between the LPS-Cedrol 15
and LPS-Cedrol 30 groups.

As shown in part B of Figure 3, LPS significantly reduced
the total thiol amount of the heart samples (P<0.001
compared to the control rats). However, treatment with
Cedrol markedly attenuated the impacts of LPS on total
thiol in all treatment groups (P<0.01, P<0.001, P<0.001
for LPS-Cedrol 7.5, LPS-Cedrol 15 and LPS-Cedrol 30
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Figure 2. Cedrol administration reduced heart tissue inflammation induced
by LPS. Comparison of IL-6 level in the heart among different groups. Data
was expressed as Mean+SEM. ** P<0.01 and ***P<0.001 compared to
the control group,***P<0.001 compared to the LPS group, *P<0.05 and
#P<0.001 comparison between different doses of Cedrol
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Figure 3. Cedrol administration reduced MDA and increased total thiol concentration and SOD and CAT activities in LPS-induced heart damage. Comparison

of MDA level (A) and total thiol concentration (B) and SOD (C

and CAT activities (D) in the heart among different groups. Data was expressed as Mean +SEM.

*P<0.05, **P<0.01 and ***P<0.001 compared to the control group.**P<0.01 and***P<0.001 compared to the LPS group, ***P<0.001, *P<0.01, and *P<0.05

comparison between different doses of Cedrol

compared to the LPS group). In addition, the graph shows
a lower level in the total thiols in the heart of the LPS-
Cedrol 7.5 group than the control group (P<0.05). Also,
the comparison between the treatment groups did not
show a significant difference between the Cedrol-treated
groups.

The results of Figure 3 (C) indicated a reduced level of
SOD activity in the heart tissue of the LPS-challenged
group (P<0.001 compared to the control group). In all
Cedrol treated groups, the activity of SOD was lower
than the control group (P<0.001). Interestingly, only
in the group receiving the high dose of Cedrol (30 mg/
kg), a remarkable difference in the enhancement of
SOD activity was observed in comparison with the LPS-
challenged group (P<0.01). The comparison of Cedrol-
treated groups illustrated a remarkable difference in the
SOD activity between the LPS-Cedrol 7.5 and LPS-Cedrol
30 groups (P<0.05).

The analysis of the results of Figure 3 (D) indicates that
the administration of LPS has substantially reduced the
activity of CAT in the heart tissue (P<0.001 compared to
the control group). However, treatment of animals with
middle and high doses of Cedrol caused a significant
increase in CAT activity (P<0.01 and P<0.001
respectively, compared to the LPS group). The activity
of CAT in the LPS-Cedrol 7.5 and LPS-Cedrol 15 groups
was lower than the control group (P<0.001). A higher

level of CAT activity was seen in the heart tissue of the
animals treated with the highest dose of Cedrol than in
the rats treated with other doses (P<0.01 and P<0.001,
compared to the LPS-Cedrol 15 and LPS-Cedrol 7.5
groups respectively).

Fibrosis

The results of cardiac fibrosis are provided in
Figures 4 and 5. The results of Masson’s trichrome
staining represent significant cardiac fibrosis of the LPS-
treated rats (P<0.001 compared to the control rats). The
comparison of the Cedrol treated groups with the control
group in the index of fibrosis showed that their values
were significantly higher than the control group (P<0.05
and P<0.001). Notably, treatment with Cedrol at 15 and
30 mg/kg doses substantially diminished cardiac fibrosis
compared to the LPS group (P<0.01 and P<0.001). The
statistical analysis showed a lower level of cardiac fibrosis
in the LPS-Cedrol 30 group compared to the other treated
groups (P<0.01 and P<0.001 for LPS-Cedrol 15 and LPS-
Cedrol 7.5, respectively). Also, the fibrosis in the heart
tissue of LPS-Cedrol 15 group was markedly lower than in
the LPS-Cedrol 7.5 group (P<0.01).

Discussion
The results of the present work showed that Cedrol
attenuated fibrosis, oxidative stress, and IL-6 in the
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cardiac tissue of LPS-injected rats. In the present research,
repeated LPS injection was followed by an inflammation
response, which was characterized by the enhancement
of IL-6 in the cardiac tissue. This result of the current
study was in line with previous reports in which LPS
increased pro-inflammatory factors in heart tissue.”*
Inflammatory reaction as a pathological procedure
has a strong role in the creation of cardiac damage.’*
Following the recognition of LPS as a natural ligand by
TLR4, activation of intracellular pathways such as NF-KB
leads to the expression of target genes (e.g. IL-6). During
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Figure 4. Cedrol administration reversed LPS-induced heart fibrosis.
Comparison of histopathological results of fibrosis in the heart tissue between
the different groups. Data was expressed as Mean+SEM. ***P<0.001
and *P<0.05 compared to the control group.**P<0.01 and***P<0.001
compared to the LPS group, *P<0.05 and ***P<0.001, **P<0.0T comparison
between different doses of Cedrol

inflammation, cytokines exudation in cardiac myocytes
contributes to the infiltration of neutrophils into the
myocardium, which may aggravate apoptosis and necrosis
of cardiomyocytes.***

In our study, LPS administration was followed by
remarkable oxidative injury in the heart, as documented
by a raised level of lipid peroxidation marker with a
concomitant decline in endogenous antioxidant levels
such as SOD, CAT, and total thiol. MDA affects cells
through changes in cell membrane attributes, such as
permeability and fluidity, as well as the velocity of protein
degradation. Also, SOD can act as an antioxidant and
reactive oxygen species (ROS) scavenger,” and CAT
may diminish ROS generation by degrading H202
into oxygen and water.”” In addition, thiol groups are
compounds containing sulfhydryl group (-SH) which can
destroy ROS and other free radicals and act as a member
of the antioxidant cascade.” In line with the findings of
our study, the capability of LPS for induction of oxidative
damage in cardiac tissues was previously studied in
rats.” LPS can trigger oxidative injury by stimulating
the production of free radicals and their accumulation
in the tissues.”* Activation of mitogen-activated protein
kinase (MAPK) and NF-kB transduction passages
has been introduced as the mechanism(s) of the later-
mentioned effects of LPS.*! Inflammation and oxidative
stress and are two interdependent biological phenomena.
Mitochondrial ROS can enhance the response to
inflammatory factors. Beyond this, unrestricted
ROS production at inflammatory sites accompanies

;-’ LPS-Cedrol 7.5

Figure 5. The photomicrographs show fibrosis in the heart tissue. The tissues were stained using Masson’s trichrome method. The blue color demonstrates collagen

and fibrosis (yellow arrows) (Scale bar=100 pm)
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oxidative stress-induced damage to mitochondria.*> The
evidence of previous studies shows that LPS can affect
the interaction of oxidative stress and inflammation.
Exposure to LPS usually triggers the production of the
pro-inflammatory mediators which may lead to the
intemperate production of free radicals resulting in
oxidative stress.***

The result of our study showed that LPS injection
caused fibrotic destruction in the cardiac tissue of rats,
which is compliant with the observations of previous
research.® Interstitial fibrosis is a dangerous pathological
condition that affects the ventricular wall of the heart
and cardiac compliance, eventually leading to cardiac
dysfunction. It should be noted that inflammation and
tibrosis of cardiac tissue occurred together in our study.
Therefore, IL-6 probably played a special role in the
pathogenesis of fibrotic damage which was seen in the
present study. Along with the mentioned hypothesis,
previous studies have investigated the role of IL-6 as a
pro-inflammatory mediator in the process of cardiac
fibrosis. Due to the presence of IL-6 receptors in adult
cardiac fibroblasts,”” IL-6 applications can promote
collagen production, proliferation, and phenotypic
conversion to myofibroblasts of cardiac fibroblasts
in experimental studies.”* Furthermore, in IL-6
knockout diabetic mice, cardiac interstitial fibrosis was
alleviated by modulating transforming growth factor
beta 1 (TGFB1) and miR-29 pathways.” In the current
research, Cedrol attenuated cardiac inflammation which
was presented by a decrease in the IL-6 concentration
in the heart tissue of LPS-Cedrol 15 and LPS-Cedrol 30
groups (Figure 2). Considering the evidence described
above and the present study’s results, it looks like
Cedrol prevented IL-6 overproduction and tissue
inflammation which attenuated cardiac fibrosis. The
anti-inflammatory consequences of Cedrol have been
suggested in later investigations. In rats with rheumatoid
arthritis, Cedrol administration reduced the secretion of
pro-inflammatory cytokines and inflammation-related
mediators through inhibition of phosphorylated-JAK3
protein.?! In another rat model of arthritis, treatment with
Cedrol revealed a potent anti-inflammatory impact.
In an in-vitro study, Cedrol significantly reduced
inflammatory response in IL-1B-treated chondrocytes
through promoting miR-542-5p expression.** Moreover,
Cedrol reduced the inflammatory response in fibroblast-
like synoviocytes treated with LPS.>

In addition, oxidative damage in our study was probably
involved in the occurrence of cardiac fibrosis. Oxidative
stress is an important regulator of cardiac interstitial
fibrosis. For example, the result of a study showed that
the ROS derived from Nox4 enzyme activity mediates
TGF-P1-induced conversion of fibroblasts to pathological
myofibroblasts by regulating Smad 2/3 activation.”® Also,
in obese rats, mitochondrial oxidative stress induced
cardiac fibrosis through increasing transthyretin (TTR)

protein.** Therefore, treatment with antioxidants can
inhibit fibrotic damage in heart tissue by suppressing
oxidative damage.”>® The results of the present study
showed that Cedrol attenuated MDA and improved
SOD, CAT, and thiol (Figure 3). Therefore it seems that
Cedrol prevented oxidative stress in the heart tissue which
attenuated cardiac fibrosis.

In the present study, treatment with Cedrol significantly
reduced fibrotic damage in heart tissue (Figure 4 and 5).
So far, no study has investigated the therapeutic effects
of Cedrol on cardiac fibrosis, but the anti-fibrotic
effect of other members of the sesquiterpene family
has been reported in previous studies. It was previously
demonstrated that the sesquiterpene compound could
attenuate myocardial fibrosis by suppressing the TGF-p1/
Smad signaling pathway in a mice model of myocardial
infarction.” It was also revealed that administration of
another sesquiterpene compound ameliorated bleomycin-
incited lung fibrosis by quelling TGF-p-induced fibroblast
to myofibroblast differentiation.

Overall, for the first time, the results of our study show
that the administration of Cedrol reduces the occurrence
of cardiac fibrosis in rats challenged with LPS through the
suppression of inflammation and oxidative stress. Our
study had some limitations; we used a low dose of LPS,
which only causes systemic inflammation, and to study
the effect of specific clinical situations caused by severe
infections and sepsis, future studies have to be done to
evaluate the therapeutic effect of Cedrol after injection
of higher doses of LPS. The current study attributed
the anti-fibrosis effects of Cedrol to its antioxidant
and anti-inflammatory features, but the molecular-
cellular mechanisms involved in these effects were not
investigated, which should be considered in future studies.
Our results propose that administering Cedrol can reduce
the cardiovascular complications caused by inflammation.
In light of this, the cardioprotective role of Cedrol in such
disturbance can be regarded as a complement to other
usual treatments. Nonetheless, a better perception of the
procedures underlying Cedrol’s functions entails further
research in the future.

Conclusion

Our results support that the administration of Cedrol has
a protective impact on LPS-associated cardiac fibrosis by
reducing inflammation and averting oxidative stress.

Acknowledgments
This study was financially supported by Mashhad University of
Medical Sciences( 4011830).

Authors’ Contribution

Formal analysis: Mahmoud Hosseini.

Investigation: Mohaddeseh Azimi, Sabiheh Amirahmadi, Mahsan
Akbarian, Matin Sharizina

Methodology: Seyed Hamidreza Rastegar-Moghaddam, Arezoo
Rajabian, Farimah Beheshti

Project administration: Mahmoud Hosseini

J Cardiovasc Thorac Res, 2024, Volume 16, Issue 2 | 125



Rastegar-Moghaddam et al

Histopathological assessment:
Moghaddam.

Writing—original draft: Seyed Hamidreza Rastegar-Moghaddam,
Mohammad Hosein Eshaghi Ghalibaf.

Validation: Mahmoud Hosseini, Maryam Mahmoudabady.
Writing-review & editing: Mahmoud Hosseini, Seyed Hamidreza

Rastegar-Moghaddam.

Seyed Hamidreza Rastegar-

Competing Interests
The authors asserted no conflicts of interest relating to the research
and/or publication of this work.

Ethical Approval
The experiments were approved by the Research Ethical
Committee of Mashhad University of Medical Sciences (IR.MUMS.
REC.1402.038).

Funding

This study was encouraged by the Vice Chancellor for Research,
at Mashhad University of Medical Sciences, Mashhad, Iran, and
Proposal NO: 4011830.

References

1. FeyziA, Delkhosh A, Tayefi Nasrabadi H, Cheraghi O, Khakpour
M, Barekati-Mowahed M, et al. Copper sulfate pentahydrate
reduced epithelial cytotoxicity induced by lipopolysaccharide
from  enterogenic  bacteria. Biomed  Pharmacother.
2017;89:454-61. doi: 10.1016/j.biopha.2017.02.060.

2. Beutler B, Rietschel ET. Innate immune sensing and its roots:
the story of endotoxin. Nat Rev Immunol. 2003;3(2):169-76.
doi: 10.1038/nri1004.

3. Erickson MA, Banks WA. Cytokine and chemokine responses
in serum and brain after single and repeated injections
of lipopolysaccharide: multiplex quantification with path
analysis. Brain Behav Immun. 2011;25(8):1637-48. doi:
10.1016/j.bbi.2011.06.006.

4. Frantz S, Kobzik L, Kim YD, Fukazawa R, Medzhitov R, Lee RT,
et al. Toll4 (TLR4) expression in cardiac myocytes in normal
and failing myocardium. J Clin Invest. 1999;104(3):271-80.
doi: 10.1172/jci6709.

5. Court O, Kumar A, Parrillo JE, Kumar A. Clinical review:
myocardial depression in sepsis and septic shock. Crit Care.
2002;6(6):500-8. doi: 10.1186/cc1822.

6.  Wiedermann CJ, Kiechl S, Dunzendorfer S, Schratzberger P,
Egger G, Oberhollenzer F, et al. Association of endotoxemia
with carotid atherosclerosis and cardiovascular disease:
prospective results from the Bruneck Study. ] Am Coll Cardiol.
1999;34(7):1975-81. doi: 10.1016/s0735-1097(99)00448-9.

7. Ahmadabady S, Beheshti F, Shahidpour F, Khordad E,
Hosseini M. A protective effect of curcumin on cardiovascular
oxidative stress indicators in systemic inflammation induced
by lipopolysaccharide in rats. Biochem Biophys Rep.
2021;25:100908. doi: 10.1016/j.bbrep.2021.100908.

8. Lew WY, Bayna E, Dalle Molle E, Contu R, Condorelli G, Tang
T. Myocardial fibrosis induced by exposure to subclinical
lipopolysaccharide is associated with decreased miR-
29c and enhanced NOX2 expression in mice. PLoS One.
2014;9(9):e107556. doi: 10.1371/journal.pone.0107556.

9. Liao J, Li K, Su X, Chen Y, Wang Y, Tang X, et al.
Dexmedetomidine  promotes lipopolysaccharide-induced
differentiation of cardiac fibroblasts and collagen I/1ll synthesis
through «a(2A) adrenoreceptor-mediated activation of the
PKC-p38-Smad2/3 signaling pathway in mice. Int ] Mol Sci.
2021;22(23):12749. doi: 10.3390/ijms222312749.

10. Asgharzadeh F, Bargi R, Hosseini M, Farzadnia M, Khazaei
M. Cardiac and renal fibrosis and oxidative stress balance in

20.

21.

22.

23.

24.

25.

lipopolysaccharide-induced inflammation in male rats. ARYA
Atheroscler. 2018;14(2):71-7. doi: 10.22122/arya.v14i2.1550.
Yang R, Song Z, Wu S, Wei Z, XuY, Shen X. Toll-like receptor 4
contributes to a myofibroblast phenotype in cardiac fibroblasts
and is associated with autophagy after myocardial infarction
in a mouse model. Atherosclerosis. 2018;279:23-31. doi:
10.1016/j.atherosclerosis.2018.10.018.

Mehta PK, Griendling KK. Angiotensin Il cell signaling:
physiological and pathological effects in the cardiovascular
system. Am J Physiol Cell Physiol. 2007;292(1):C82-97. doi:
10.1152/ajpcell.00287.2006.

Disertori M, Masé M, Ravelli F. Myocardial fibrosis predicts
ventricular tachyarrhythmias. Trends Cardiovasc Med.
2017;27(5):363-72. doi: 10.1016/j.tcm.2017.01.011.
Hinderer S, Schenke-Layland K. Cardiac fibrosis - a short
review of causes and therapeutic strategies. Adv Drug Deliv
Rev. 2019;146:77-82. doi: 10.1016/j.addr.2019.05.011.

Yu X. Promising therapeutic treatments for cardiac fibrosis:
herbal plants and their extracts. Cardiol Ther. 2023;12(3):415-
43. doi: 10.1007/540119-023-00319-4.

Li X, Li L, Lei W, Chua HZ, Li Z, Huang X, et al. Traditional
Chinese medicine as a therapeutic option for cardiac fibrosis:
pharmacology and mechanisms. Biomed Pharmacother.
2021;142:111979. doi: 10.1016/j.biopha.2021.111979.
Harishkumar R, Hans S, Stanton JE, Grabrucker AM, Lordan
R, Zabetakis I. Targeting the platelet-activating factor receptor
(PAF-R): antithrombotic and anti-atherosclerotic nutrients.
Nutrients. 2022;14(20):4414. doi: 10.3390/nu14204414.
Forouzanfar F, Pourbagher-Shahri AM, Ghazavi H. Evaluation
of antiarthritic and antinociceptive effects of cedrol in a rat
model of arthritis. Oxid Med Cell Longev. 2022;2022:4943965.
doi: 10.1155/2022/4943965.

Dabouri Farimani F, Hosseini M, Amirahmadi S, Akbarian
M, Shirazinia M, Barabady M, et al. Cedrol supplementation
ameliorates memory deficits by regulating neuro-inflammation
and cholinergic function in lipopolysaccharide-induced
cognitive impairment in rats. Heliyon. 2024;10(9):e30356.
doi: 10.1016/j.heliyon.2024.e30356.

Marefati N, Beheshti F, Anaeigoudari A, Alipour F, Shafieian
R, Akbari F, et al. The effects of vitamin D on cardiovascular
damage induced by lipopolysaccharides in rats. |
Cardiovasc Thorac Res. 2023;15(2):106-15. doi: 10.34172/
jevtr.2023.31719.

Zhang YM, Shen J, Zhao JM, Guan J, Wei XR, Miao DY, et
al. Cedrol from ginger ameliorates rheumatoid arthritis
via reducing inflammation and selectively inhibiting JAK3
phosphorylation. J Agric Food Chem. 2021;69(18):5332-43.
doi: 10.1021/acs.jafc.1c00284.

Sakhaee MH, Sayyadi SA, Sakhaee N, Sadeghnia HR,
Hosseinzadeh H, Nourbakhsh F, et al. Cedrol protects against
chronic constriction injury-induced neuropathic pain through
inhibiting oxidative stress and inflammation. Metab Brain Dis.
2020;35(7):1119-26. doi: 10.1007/s11011-020-00581-8.
Zhang K, Lu J, Yao L. Involvement of the dopamine D1
receptor system in the anxiolytic effect of cedrol in the
elevated plus maze and light-dark box tests. ] Pharmacol Sci.
2020;142(1):26-33. doi: 10.1016/j.jphs.2019.11.004.
Rastegar-Moghaddam SH, Akbarian M, Rajabian A, Alipour F,
Ebrahimzadeh Bideskan A, Hosseini M. Vitamin D alleviates
hypothyroidism associated liver dysfunction: histological
and biochemical evidence. Heliyon. 2023;9(8):e18860. doi:
10.1016/j.heliyon.2023.e18860.

Amirahmadi S, Dabouri Farimani F, Akbarian M, Mirzavi F,
Eshaghi Ghalibaf MH, Rajabian A, etal. Minocycline attenuates
cholinergic dysfunction and neuro-inflammation-mediated
cognitive impairment in scopolamine-induced Alzheimer’s

126 | J Cardiovasc Thorac Res, 2024, Volume 16, Issue 2


https://doi.org/10.1016/j.biopha.2017.02.060
https://doi.org/10.1038/nri1004
https://doi.org/10.1016/j.bbi.2011.06.006
https://doi.org/10.1172/jci6709
https://doi.org/10.1186/cc1822
https://doi.org/10.1016/s0735-1097(99)00448-9
https://doi.org/10.1016/j.bbrep.2021.100908
https://doi.org/10.1371/journal.pone.0107556
https://doi.org/10.3390/ijms222312749
https://doi.org/10.22122/arya.v14i2.1550
https://doi.org/10.1016/j.atherosclerosis.2018.10.018
https://doi.org/10.1152/ajpcell.00287.2006
https://doi.org/10.1016/j.tcm.2017.01.011
https://doi.org/10.1016/j.addr.2019.05.011
https://doi.org/10.1007/s40119-023-00319-4
https://doi.org/10.1016/j.biopha.2021.111979
https://doi.org/10.3390/nu14204414
https://doi.org/10.1155/2022/4943965
https://doi.org/10.1016/j.heliyon.2024.e30356
https://doi.org/10.34172/jcvtr.2023.31719
https://doi.org/10.34172/jcvtr.2023.31719
https://doi.org/10.1021/acs.jafc.1c00284
https://doi.org/10.1007/s11011-020-00581-8
https://doi.org/10.1016/j.jphs.2019.11.004
https://doi.org/10.1016/j.heliyon.2023.e18860

Cedrol improved inflammation induced cardiac injury

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

rat model. Inflammopharmacology. 2022;30(6):2385-97. doi:
10.1007/5s10787-022-01071-2.

Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-6.
doi: 10.1016/s0076-6879(84)05016-3.

Madesh M, Balasubramanian KA. Microtiter plate assay for
superoxide dismutase using MTT reduction by superoxide.
Indian J Biochem Biophys. 1998;35(3):184-8.
Rastegar-Moghaddam SH, Hosseini M, Sabzi F, Hojjati Fard
F, Marefati N, Beheshti F, et al. Cardiovascular protective
effect of nano selenium in hypothyroid rats: protection against
oxidative stress and cardiac fibrosis. Clin Exp Hypertens.
2022;44(3):268-79. doi: 10.1080/10641963.2022.2036994.
Shati AA, Zaki MS, Algahtani YA, Al-Qahtani SM, Haidara MA,
Dawood AF, et al. Antioxidant activity of vitamin C against
LPS-induced septic cardiomyopathy by down-regulation
of oxidative stress and inflammation. Curr Issues Mol Biol.
2022;44(5):2387-400. doi: 10.3390/cimb44050163.
LuoQ,YangA, Cao Q, Guan H. 3,3’-Diindolylmethane protects
cardiomyocytes from LPS-induced inflammatory response
and apoptosis. BMC Pharmacol Toxicol. 2018;19(1):71. doi:
10.1186/540360-018-0262-X.

Moskowitz A, Andersen LW, Huang DT, Berg KM, Grossestreuer
AV, Marik PE, et al. Ascorbic acid, corticosteroids, and
thiamine in sepsis: a review of the biologic rationale and the
present state of clinical evaluation. Crit Care. 2018;22(1):283.
doi: 10.1186/s13054-018-2217-4.

Su L), Zhang JH, Gomez H, Murugan R, Hong X, Xu D, et
al. Reactive oxygen species-induced lipid peroxidation in
apoptosis, autophagy, and ferroptosis. Oxid Med Cell Longev.
2019;2019:5080843. doi: 10.1155/2019/5080843.

Yu L, Feng Z. The role of toll-like receptor signaling in
the progression of heart failure. Mediators Inflamm.
2018;2018:9874109. doi: 10.1155/2018/9874109.
Frangogiannis NG. The inflammatory response in
myocardial injury, repair, and remodelling. Nat Rev Cardiol.
2014;11(5):255-65. doi: 10.1038/nrcardio.2014.28.

Coskun AK, Yigiter M, Oral A, Odabasoglu F, Halici Z, Mentes
O, et al. The effects of montelukast on antioxidant enzymes
and proinflammatory cytokines on the heart, liver, lungs,
and kidneys in a rat model of cecal ligation and puncture-
induced sepsis. ScientificWorldJournal. 2011;11:1341-56.
doi: 10.1100/tsw.2011.122.

RenY, Yang X, Niu X, Liu S, Ren G. Chemical characterization
of the avenanthramide-rich extract from oat and its effect on
D-galactose-induced oxidative stress in mice. J Agric Food
Chem. 2011;59(1):206-11. doi: 10.1021/jf103938e.
Azarabadi S, Abdollahi H, Torabi M, Salehi Z, Nasiri J. ROS
generation, oxidative burst and dynamic expression profiles
of ROS-scavenging enzymes of superoxide dismutase (SOD),
catalase (CAT) and ascorbate peroxidase (APX) in response to
Erwiniaamylovorainpear (Pyrus communisL). Eur] Plant Pathol.
2017;147(2):279-94. doi: 10.1007/s10658-016-1000-0.
Turell L, Radi R, Alvarez B. The thiol pool in human plasma:
the central contribution of albumin to redox processes.
Free Radic Biol Med. 2013;65:244-53. doi: 10.1016/j.
freeradbiomed.2013.05.050.

Khodir AE, Ghoneim HA, Rahim MA, Suddek GM.
Montelukast attenuates lipopolysaccharide-induced cardiac
injury in rats. Hum Exp Toxicol. 2016;35(4):388-97. doi:
10.1177/0960327115591372.

WangY, Branicky R, Noé A, Hekimi S. Superoxide dismutases:
dual roles in controlling ROS damage and regulating ROS
signaling. J Cell Biol. 2018;217(6):1915-28. doi: 10.1083/
jcb.201708007.

Kim SH, Johnson VJ, Shin TY, Sharma RP. Selenium attenuates
lipopolysaccharide-induced  oxidative ~ stress  responses

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

through modulation of p38 MAPK and NF-kappaB signaling
pathways. Exp Biol Med (Maywood). 2004;229(2):203-13.
doi: 10.1177/153537020422900209.

Chang X, ZhangT, Liu D, Meng Q, Yan P, Luo D, et al. Puerarin
attenuates LPS-induced inflammatory responses and oxidative
stress injury in human umbilical vein endothelial cells
through mitochondrial quality control. Oxid Med Cell Longev.
2021;2021:6659240. doi: 10.1155/2021/6659240.

Libby P. Inflammatory mechanisms: the molecular basis of
inflammation and disease. Nutr Rev. 2007;65(12 Pt 2):5140-6.
doi: 10.1111/j.1753-4887.2007.tb00352 .x.

Victor VM, Rocha M, De la Fuente M. Immune cells: free
radicals and antioxidants in sepsis. Int Immunopharmacol.
2004;4(3):327-47. doi: 10.1016/j.intimp.2004.01.020.

Looi YH, Grieve DJ, Siva A, Walker SJ, Anilkumar N,
Cave AC, et al. Involvement of Nox2 NADPH oxidase in
adverse cardiac remodeling after myocardial infarction.
Hypertension. 2008;51(2):319-25. doi: 10.1161/
hypertensionaha.107.101980.

Abareshi A, Norouzi F, Asgharzadeh F, Beheshti F, Hosseini M,
Farzadnia M, et al. Effect of angiotensin-converting enzyme
inhibitor on cardiac fibrosis and oxidative stress status in
lipopolysaccharide-induced inflammation model in rats. Int )
Prev Med. 2017;8:69. doi: 10.4103/ijpvm.IJPVM_322_16.
Freed DH, Moon MC, Borowiec AM, Jones SC, Zahradka
P, Dixon IM. Cardiotrophin-1: expression in experimental
myocardial infarction and potential role in post-MI wound
healing. Mol Cell Biochem. 2003;254(1-2):247-56. doi:
10.1023/a:1027332504861.

Sarkar S, Vellaichamy E, Young D, Sen S. Influence of
cytokines and growth factors in ANG Il-mediated collagen
upregulation by fibroblasts in rats: role of myocytes. Am
) Physiol Heart Circ Physiol. 2004;287(1):H107-17. doi:
10.1152/ajpheart.00763.2003.

Meléndez GC, Mclarty JL, Levick SP, Du Y, Janicki JS,
Brower GL. Interleukin 6 mediates myocardial fibrosis,
concentric  hypertrophy, and diastolic dysfunction in
rats. Hypertension. 2010;56(2):225-31. doi: 10.1161/
hypertensionaha.109.148635.

Zhang Y, Wang JH, Zhang YY, Wang YZ, Wang J, Zhao Y, et
al. Deletion of interleukin-6 alleviated interstitial fibrosis in
streptozotocin-induced diabetic cardiomyopathy of mice
through affecting TGFp1 and miR-29 pathways. Sci Rep.
2016;6:23010. doi: 10.1038/srep23010.

Dong W, Wang S, Qian W, Li S, Wang P. Cedrol alleviates
the apoptosis and inflammatory response of IL-1p-treated
chondrocytes by promoting miR-542-5p expression. In Vitro
Cell Dev Biol Anim. 2021;57(10):962-72. doi: 10.1007/
s11626-021-00620-3.

Chen X, Shen J, Zhao JM, Guan J, Li W, Xie QM, et al. Cedrol
attenuates collagen-induced arthritis in mice and modulates
the inflammatory response in LPS-mediated fibroblast-like
synoviocytes. Food Funct. 2020;11(5):4752-64. doi: 10.1039/
dofo00549e.

Cucoranu |, Clempus R, Dikalova A, Phelan PJ, Ariyan S,
Dikalov S, et al. NAD(P)H oxidase 4 mediates transforming
growth factor-betal-induced differentiation of cardiac
fibroblasts into myofibroblasts. Circ Res. 2005;97(9):900-7.
doi: 10.1161/01.res.0000187457.24338.3d.
Martinez-Martinez E, Fernandez-Irigoyen ], Santamaria E,
Nieto ML, Bravo-San Pedro JM, Cachofeiro V. Mitochondrial
oxidative stress induces cardiac fibrosis in obese rats through
modulation of transthyretin. Int ] Mol Sci. 2022;23(15):8080.
doi: 10.3390/ijms23158080.

Zhang N, Wei WY, Li LL, Hu C, Tang QZ. Therapeutic
potential of polyphenols in cardiac fibrosis. Front Pharmacol.

J Cardiovasc Thorac Res, 2024, Volume 16, Issue 2 | 127


https://doi.org/10.1007/s10787-022-01071-2
https://doi.org/10.1016/s0076-6879(84)05016-3
https://doi.org/10.1080/10641963.2022.2036994
https://doi.org/10.3390/cimb44050163
https://doi.org/10.1186/s40360-018-0262-x
https://doi.org/10.1186/s13054-018-2217-4
https://doi.org/10.1155/2019/5080843
https://doi.org/10.1155/2018/9874109
https://doi.org/10.1038/nrcardio.2014.28
https://doi.org/10.1100/tsw.2011.122
https://doi.org/10.1021/jf103938e
https://doi.org/10.1007/s10658-016-1000-0
https://doi.org/10.1016/j.freeradbiomed.2013.05.050
https://doi.org/10.1016/j.freeradbiomed.2013.05.050
https://doi.org/10.1177/0960327115591372
https://doi.org/10.1083/jcb.201708007
https://doi.org/10.1083/jcb.201708007
https://doi.org/10.1177/153537020422900209
https://doi.org/10.1155/2021/6659240
https://doi.org/10.1111/j.1753-4887.2007.tb00352.x
https://doi.org/10.1016/j.intimp.2004.01.020
https://doi.org/10.1161/hypertensionaha.107.101980
https://doi.org/10.1161/hypertensionaha.107.101980
https://doi.org/10.4103/ijpvm.IJPVM_322_16
https://doi.org/10.1023/a:1027332504861
https://doi.org/10.1152/ajpheart.00763.2003
https://doi.org/10.1161/hypertensionaha.109.148635
https://doi.org/10.1161/hypertensionaha.109.148635
https://doi.org/10.1038/srep23010
https://doi.org/10.1007/s11626-021-00620-3
https://doi.org/10.1007/s11626-021-00620-3
https://doi.org/10.1039/d0fo00549e
https://doi.org/10.1039/d0fo00549e
https://doi.org/10.1161/01.res.0000187457.24338.3d
https://doi.org/10.3390/ijms23158080

Rastegar-Moghaddam et al

56.

57.

2018;9:122. doi: 10.3389/fphar.2018.00122.

Zhao W, Zhao T, Chen Y, Ahokas RA, Sun Y. Oxidative
stress mediates cardiac fibrosis by enhancing transforming
growth factor-betal in hypertensive rats. Mol Cell Biochem.
2008;317(1-2):43-50. doi: 10.1007/s11010-008-9803-8.

LiJ, GeF, WukenS$, Jiao S, Chen P, Huang M, etal. Zerumbone, a
humulane sesquiterpene from Syringa pinnatifolia, attenuates
cardiac fibrosis by inhibiting of the TGF-p1/Smad signaling

58.

pathway after myocardial infarction in mice. Phytomedicine.
2022;100:154078. doi: 10.1016/j.phymed.2022.154078.

Liu P Miao K, Zhang L, Mou Y, Xu Y, Xiong W, et al.
Curdione ameliorates bleomycin-induced pulmonary fibrosis
by repressing TGF-B-induced fibroblast to myofibroblast
differentiation. Respir Res. 2020;21(1):58. doi: 10.1186/
$12931-020-1300-y.

128 | J Cardiovasc Thorac Res, 2024, Volume 16, Issue 2


https://doi.org/10.3389/fphar.2018.00122
https://doi.org/10.1007/s11010-008-9803-8
https://doi.org/10.1016/j.phymed.2022.154078
https://doi.org/10.1186/s12931-020-1300-y
https://doi.org/10.1186/s12931-020-1300-y

