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INTRODUCTION
Sepsis accounts for 11 million deaths worldwide and the
rise of multidrug-resistant organisms has increased the
urgency surrounding the management of multidrug-
resistant sepsis and is of critical concern to health
authorities (Kumar et al., 2024). Sepsis is an important
health problem with a variable incidence and consequences
over time, characterized by high mortality and multiple organ
failure caused by an irregular systemic inflammatory
response to infection (Hotchkiss et al., 2016). Severe
sepsis, complications of septic shock, multiorgan failure
and hemostatic disorders leading to disseminated
intravascular coagulation  are formed (Gando et al., 2020).
Adipokines and cytokines have important roles in the
etiopathogenesis of sepsis due to their role in metabolic
processes (Bayraktar, 2020). Irisin is an exercise-induced
adipomyokine that is the product of cleavage of a type I
membrane protein called fibronectin type III domain-
containing protein 5 (FNDC5/FRCP2/PeP) (Boström et al.,
2012). Irisin participates in hepatic glucose and lipid
metabolism and converts white adipose tissue cells into
brown adipose tissue cells, thus regulating glucose
homeostasis by providing energy expenditure and also
has a role in reducing oxidative stress in hepatocytes (Mo
et al., 2016). Irisin has a role in thermogenesis, muscle
cell glucose uptake and reduction of insulin resistance,
muscle growth, neural and osteoblast differentiation
through its effect on browning of white adipose tissue

(Perakakis et al., 2017; Avgerinos et al., 2023). One of the
organs affected by sepsis is the brain. Sepsis causes
disruption of the blood-brain barrier, neuroinflammation
and cerebral dysfunction with the accumulation of amyloid
β and tau protein in the brain (Sekine et al., 2022). Brain-
derived neurotrophic Factor (BDNF) is an important
neurotrophic factor that plays a role in neurons’ growth,
survival and plasticity (Yu et al., 2021). BDNF plays an
important role in sepsis-associated brain dysfunction and
the development of long-term cognitive impairment (Pisani
et al., 2023).Cardiac dysfunction is an important outcome
that can develop as a result of sepsis and affects mortality
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Background: The aim of this study was to investigate the effects of Cannabidiol on myokine (Irisin), cerebral (BDNF) and cardiac
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at the end of the 10th hour and intracardiac blood was taken immediately afterwards. In groups CLP, CLP2.5 mg/kg, CLP5 mg/kg,
intra-abdominal sepsis was induced and at the end of the 10th hour after sepsis occurred with CLP application, rats were sacrificed
and intracardiac blood was taken immediately afterwards. İrisin, BDNF and cTnI levels in the serum samples were measured by
ELISA method.
Result:  In the present study, mean serum irisin, BDNF and levels were determined to be at the lowest level in the CLP group, while
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most significant decrease in cTnI levels occurred in 5 mg/kg CBD groups. As a result, it was concluded that CLP may be safe and
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with multiple organ failure (Zanotti-Cavazzoni and
Hollenberg, 2009; Zaky et al.,2014). Cardiac adrenergic
signaling is impaired in septic patients, further worsening
cardiac function (El Shahat et al., 2018). Cardiac troponin I
(cTnI) is a highly specific cardiac biomarker used to
evaluate myocardial damage and diseases due to its
release into plasma from cardiac myocytes in cases of
heart attack and cardiac damage (Wu et al., 1996).

Sepsis is a medical emergency that requires rapid
diagnosis and treatment because it can lead to severe
septic shock. Medicinal and aromatic plants occupy an
important place in traditional and complementary medicine
due to the valuable phytochemicals they contain, which are
used for therapeutic and preventive purposes in diseases.
Cannabinoids are phytochemical compounds derived from
the cannabis plant (Cannabis Sativa). The two most
important cannabinoids are 9-tetrahydrocannabinol
(9-THC) and cannabinoid (CBD), the latter being the main
non-psychotropic cannabinoid and used in many
pathological conditions, including neuropsychiatric
disorders (Zuardi et al., 2006) and brain inflammatory
diseases (Klein, 2005). CBD is reported to protect against
sepsis-related heart and kidney damage by suppressing
the cytokine storm (Maayah et al., 2024). The CLP rat model
is highly preferred because it creates a clinical picture
similar to the human sepsis model. In the literature
research conducted, there was no study examining the
Effect of CBD on myokine, cerebral and cardiac response
in rats with sepsis caused by the CLP method. In this study,
the effect of different doses (2.5 and 5 mg/kg) of CBD on
myokine (irisin), cerebral (BDNF) and cardiac (cTnI)
response was investigated in rats with sepsis caused by
the CLP method.

MATERIALS AND METHODS
The study used 40 male Wistar rats, 12 weeks old and
weighing an average of 200-240 grams, as animal material.
Before starting the study, the Ethics Committee’s approval
was obtained from the Research Center Ethics Committee
(Decision No: 2024/86-2). In the study, a polymicrobial
sepsis model with cecal ligation perforation (CLP) was
applied to the rats. All rats were given 25 mg/kg thiopental
intraperitoneally. After the subjects were fixed in the supine
position, the abdominal area was shaved 37 and wiped
with povidone-iodine twice. Aseptic conditions were
provided by covering with a sterile drape. The abdomen
was opened with a 2 cm midline incision. The cecum was
found and explored. The ileocecal valve was ligated with 3/
0 silk from the distal and the anterior surface of the cecum
was punctured twice with a 22 G needle. After observing
the feces output, the abdomen was closed in two layers
with 3/0 silk and a continuous suture. In the sham operation
group, the cecum was found and explored. Afterward, the
abdomen was closed in two layers without any further
procedure. The composition of the experimental diet used

in the study is shown in Table 1 and the chemical
composition of Cannabidiol extract oil is shown in Table 2.
The experimental protocol was formed as follows:

Control group (C) (n=8)
A group of clinically healthy rats without any problems and
without any treatment.

Sham group (n=8)
Rats that underwent only laparotomy without cecal ligation
and puncture (CLP).

CLP group (Sepsis group) (n=8)
CLP was performed on the subject to create intra-
abdominal sepsis. After sepsis was created, the rats were
sacrificed at the end of the 10th hour and intracardiac blood
was taken immediately afterwards.

CLP + CBD 2.5 mg/kg group (n=8)
After cecal ligation and puncture (CLP), rats were injected
intraperitoneally (i.p) with 2.5 mg/kg Cannabidiol (CBD)
and sepsis was induced with CLP.

CLP+ CBD 5 mg/kg group (n=8)
After CLP rats were injected i.p with 5 mg/kg Cannabidiol
(CBD) and sepsis was induced with CLP.

Collection of serum samples
Rats in groups C and Sham were sacrificed at the end of
the 10th hour and intracardiac blood was taken immediately
afterwards. In groups CLP, CLP2.5 mg/kg, CLP5 mg/kg,
intra-abdominal sepsis was induced and at the end of the
10th hour after sepsis occurred with CLP application, rats
were sacrificed and intracardiac blood was taken
immediately afterwards. Blood samples were collected in
tubes without anticoagulant and centrifuged in a

Table 1: Composition of experimental diet (%).

Ingredients Quantity %

Maize 60.22
Soybean meal 15.01
Groundnut cake 6.04
Wheat offal 5.00
Bonemeal 3.50
Limestone 9.45
Salt 0.23
Methionine 0.19
Lysine 0.10
Premix 0.26
Total 100
ME (kcal/kg) 2672.70
Crude protein (%) 17.00
Crude fibre (%) 3.21
Ether extract (%) 3.02
Calcium (%) 4.70
Phosphorus (%) 0.89
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refrigerated centrifuge (NF 1200R, NÜVE, Türkiye) for 10
minutes at 3000 rpm in the laboratory and the resulting
sera were separated.

Measurement of serum irisin, BDNF and cTnI level
In measuring serum irisin, BDNF and cTnI levels obtained
in the study, ELISA kit type-specific for rat irisin ELISA kit
(Sinogeneclon, Cat. No SG-20179, CHINA), ELISA kit type-
specific for rat BDNF Elisa Kit (SinoGeneclon, Cat. No: SG-
20200, CHINA) and cTnI ELISA kit (BT LAB, Cat. No SG-
20697, CHINA) an intra-assay coefficient of 8.0% and an
inter-assay coefficient of 10.0% was utilized under the
manufacturer’s protocol.Serum irisin, BDNF and cTnI were
measured using ELISA (RandD Systems, Minneapolis, MN,
USA) and parameters were read with ELISA reader (Mindray
MR- 96 A, CHINA). The  results were evaluated  by  reading
absorption values at 450 nm using the procedure
reported in the kit.

Statistical analysis
Statistical data analyses were performed with SPSS version
15 (IBM, USA). Normality and homogeneity tests of the data
were performed with Kolmogorov-Smirnov, Shapiro-Wilk
and Levene’s tests. Differences between groups were
analyzed with the nonparametric Kruskal Wallis Test. The
interaction between groups and time for repeated
measurements (0 and 21 days) was analyzed with the
general linear model (GLM). The significance level in the
analysis results was accepted as p<0.05.

RESULTS AND DISCUSSION
Sepsis is a worldwide public health problem that poses a
significant economic burden to the healthcare system due
to its high morbidity and mortality rates. Sepsis is a life-
threatening organ dysfunction characterized by an
abnormal inflammatory response caused by a dysregulated
host response to infection (Rudd et al., 2020). Irisin is a
novel adipo-myokine with metabolic regulatory functions
and it has anti-inflammatory, antioxidant and anti-apoptotic
effects that may protect against sepsis-induced organ
damage in experimental studies (Karampela et al., 2024).
Serum irisin levels are decreased in patients with sepsis
and negatively correlate with disease severity (Wei et al.,
2020). In the rats constituting the study group, the mean
serum irisin levels in the C, S, CLP, CLP2.5 mg/kg, CLP5
mg/kg groups at the 10th hour of the study were found to be
1.64, 1.27, 1.24, 1.32 and 1.43 ng/ml, respectively (Table 3).
Our study’s results are consistent with studies reporting
that serum irisin levels decrease in sepsis (Wei et al.,
2020;Wang et al., 2022; Wang et al., 2024). Although it is
the first study to examine the effects of different doses of
CBD, which is reported to have metabolic regulating and
anti-inflammatory effects, on serum irisin levels in rats with
sepsis induced by CLP, the studies are limited and are
consistent with similar research results reporting that mean
serum irisin levels increase with the therapeutic use of

CBD or irisin hormone in rats with sepsis (Wei et al., 2020;
Wang et al., 2022).We think that the reason for this situation
is that CBD increases serum irisin levels, which has
metabolism-regulating and anti-inflammatory effects and
has anti-inflammatory, antioxidant and anti-apoptotic effects
that may protect against sepsis-induced organ damage.

BDNF is a neurotrophic factor that affects neuronal
proliferation and differentiation. In sepsis, p75 neurotrophin
receptors are affected, leading to cognitive impairment (Ji
et al., 2024). BDNF reduces septic myocardial dysfunction
in rats via eNOS/NO pathway (Zeng et al., 2017). CBD has
a neuroprotective effect by increasing the anti-inflammatory
process and decreasing oxidative stress by affecting
neurotrophin expression (Gava et al., 2024).In the rats
constituting the study group, at the 10th hour of the study,
the mean serum BDNF levels in the C, S, CLP, CLP2.5
mg/kg, CLP5 mg/kg groups were found to be 22.33, 16.56,
15.78, 17.11 and 18.08 ng/ml, respectively (Table 3). The
lowest mean serum BDNF level was determined in the
CLP groups due to increased inflammation-related
damage in the brain caused by sepsis. Similarly, the most
significant decrease in the CLP groups due to CBD
administration was determined in the CLP5 mg/kg
groups, which has been reported to have anti-inflammatory
and neuroprotective effects in sepsis groups (p<0.01). Gava
et al. (2024) reported that CLP caused an increase in brain
damage and that CBD had neuroprotective effects on
memory impairment and neurotrophins, as well as against
neuroinflammation and oxidative stress, mediated by
PPARγ activation. Our study’s results are consistent with
studies reporting that serum BDNF levels decrease in
sepsis (Zeng et al., 2017, Gava et al., 2024). CBD
administration, which is reported to have neuroprotective
and anti-inflammatory effects, is consistent with the results
of studies reporting that serum BDNF levels increase in
rats with CLP-induced sepsis (Gava et al., 2024). We think

Table 2: Composition of Cannabidiol oil extract.

Ingredients wt %

CBD 92.99
9 -THC*             0.16
CBC <0.01
CBG 4,72
8 -THC <0.01
CBDv 0.34
THCv <0.01
CBN <0.01
CBL <0.01

*CBD: Cannabidiol, 9 -THC*: (-)--9-tetrahydrocannabinol ((-)--
9-THC), CBC: Cannabichromene, CBG: Cannabigerol, 8 -THC:
-8-Tetrahydrocannabinol, CBDV: Cannabidivarin, THCv:
Tetrahydrocannabivarin, CBN: Cannabinol, CBL: Cannabidiol; wt%
(weight of solute/ weight of solvent*100 = Per cent of solute
in the solution).
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that the reason for this situation is that CBD increases
BDNF expression due to its neuroprotective effect against
neuroinflammation and oxidative stress in the brain in
sepsis.

Cardiac dysfunction in sepsis is characterized by
decreased contractility, impaired ventricular response to
fluid therapy and sometimes ventricular dilatation (Kakihana
et al., 2016). Sepsis-induced myocardial dysfunction
increases mortality in sepsis, but the underlying
mechanisms remain unclear.In the rats constituting the
study group, at the 10th hour of the study, the mean serum
BDNF levels in the C, S, CLP, CLP2.5 mg/kg, CLP5 mg/
kg groups were found to be 0.43, 0.93, 0.98, 0.91 and 0.78
ng/ml, respectively (Table 3).The highest mean serum cTnI
level was determined in CLP groups due to increased
cardiac damage due to sepsis. Similarly, the most
significant decrease in CLP groups due to CBD
administration was determined in CLP5 mg/kg groups,
which has been reported to have a cardioprotective effect
in sepsis groups (p<0.01). The results of our study are
consistent with the results of studies reporting that serum
cTnI levels increase in sepsis (Zhang et al., 2015; Wang et al.,
2021; Zhang et al., 2021). CBD administration, which is
reported to have cardioprotective effects, is consistent with
the results of studies reporting that serum cTnI levels
decrease in rats with CLP-induced sepsis (More et al.,
2024). We think that this is due to the cardioprotective effect
of CBD.

CONCLUSION
Sepsis is an acute organ dysfunction that develops as a
result of a dysregulated host response to an infection. Irisin,
with its metabolic regulatory function, has anti-
inflammatory, antioxidant and anti-apoptotic effects that may
protect against sepsis-induced organ damage, BDNF,
neuroprotective effects on brain damage in sepsis and
cTnI is a marker of cardiac damage. It is thought that
examining irisin, BDNF and cTnI levels in sepsis
management would be beneficial. As a result, it was

concluded that CBD, which has been reported to have anti-
inflammatory, neuroprotective and cardioprotective effects,
may be safe and beneficial when applied at a dose of 5
mg/kg in sepsis groups.

Disclaimers
The views and conclusions expressed in this article are
solely those of the authors and do not necessarily represent
the views of their affiliated institutions. The authors are
responsible for the accuracy and completeness of the
information provided, but do not accept any liability for any
direct or indirect losses resulting from the use of this
content.

Informed consent
All animal procedures for experiments Central Research
were approved by the Committee of Experimental Animal
Care and handling techniques were approved by the
University of Animal Care Committee.

Conflict of interest
The authors declare that there are no conflicts of interest
regarding the publication of this article. No funding or
sponsorship influenced the design of the study, data
collection, analysis, decision to publish, or preparation of
the manuscript.

REFERENCES
Avgerinos, K.I., Liu, J. and Dalamaga, M. (2023). Could exercise

hormone irisin be a therapeutic agent against Parkinson’s
and other neurodegenerative diseases? Metabolism
Open. 17: 100-233. doi:10.1016/j.metop.2023.100233.

Bayraktar, B. (2020). Endocrine system. In: Taþkin E, Kocahan S,
editors. Physiology for Health Sciences. Akademisyen
Yayınevi: Ankara. Türkiye. pp. 239-270.

Boström, P., Wu, J., Jedrychowski, M.P., Korde, A., Ye, L., Lo, J.C.
and Spiegelman, B.M. (2012). A PGC1-α-dependent
myokine that drives brown-fat-like development of white
fat and thermogenesis. Nature. 481(7382): 463-468.
doi:10.1038/nature10777.

Table 3. Mean serum irisin, BDNF and cTnI values (ng/ml) and statistical comparisons (Mean±SD) of the study groups.

Groups                         İrisin (ng/ml)                                                  BDNF (ng/ml)                                          cTnl (ng/ml)
Mean Standard deviation Mean Standard deviation Mean Standard deviation

Control 1,64 0.04 22,33 1,23 0.43 0.13
Sham 1,27 0.10 16,56 1,47 0.93 0.11
CLP 1,24 0.05 15,78 1,23 0.98 0.21
CLP2.5 1,32 0.06 17,11 1,18 0.91 0.22
CLP5.0 1,43 0.03 18,08 ,56 0.78 0.11
Diet                                  <0.01                                                            <0.01                                                      <0.01

*BDNF: Brain-Derived Neurotrophic Factor, cTnI: Cardiac Troponin I, Control (C), Sham (Rats that underwent only laparotomy without
cecal ligation and puncture (CLP)), CLP (CLP was performed on the subject to create intra-abdominal sepsis), CLP + CBD 2.5 mg/kg
(After cecal ligation and puncture (CLP), rats were injected intraperitoneally (i.p) with 2.5 mg/kg Cannabidiol (CBD) and sepsis was
induced with CLP), CLP+ CBD 5 mg/kg (After CLP rats were injected i.p with 5 mg/kg Cannabidiol (CBD) and sepsis was induced with
CLP).



 Volume  Issue 5

The Effect of Cannabidiol on Myokine, Cerebral and Cardiac Response in Rats with Sepsis Induced by Cecal Ligation...

El Shahat, A.N., Azeem, A.M., Mekawey, H.M.S. and Abd El-Megid,
M.H. (2018). Studying the effect of-irradiated celery
leaves on antioxidant status and cardiac enzymes in
hypercholesterolemic rats. Indian Journal of Animal
Research. 52(4): 502-507. doi: 10.18805/ijar.v0iOF.9146.

Gando, S., Fujishima, S., Saitoh, D., Shiraishi, A., Yamakawa, K.,
Kushimoto, S. and Umemura, Y. (2020). The significance
of disseminated intravascular coagulation on multiple
organ dysfunction during the early s tage of  acute
respiratory distress syndrome. Thrombosis research.
191: 15-21.10.1016/j.thromres.2020.03.023.

Gava, F.F., De Carli, R.J., Stork, S., Danielski, L.G., Bonfante, S.,
Joaquim, L. and Petronilho, F. (2024). Cannabidiol effect
on long-term brain alterations in septic rats: Involvement
of PPARγ activation. Brain Research. 1828: 148-771.
doi: 10.1016/j.brainres.2024.148771.

Hotchkiss, R.S., Moldawer, L.L., Opal, S.M., Reinhart, K., Turnbull,
I.R. and Vincent, J.L. (2016). Sepsis and septic shock.
Nature reviews Disease primers. 2(1): 1-21. doi:10.1038/
nrdp.2016.45

Kakihana, Y., Ito, T., Nakahara, M., Yamaguchi, K. and Yasuda, T.
(2016). Sepsis-induced myocardial dysfunction: Pathophysiology
and management. Journal of intensive care. 4: 1-10.10.
1186/s40560-016-0148-1.

Ji, S., Kang, J., Han, C., Xu, X., Chen, M., Chen, J. and Chan, P.
(2024). Potential role of APOE [4 allele as a modifier for
the association of BDNF Val66Met polymorphisms and
cognit ive impairment in community-dwell ing older
adults. Frontiers  in Aging Neuroscience. 16:  1330193.

Karampela, I., Vallianou, N.G., Tsilingiris, D., Christodoulatos, G.S.,
Psallida, S., Kounatidis, D. and Dalamaga, M. (2024).
Alterations of the adipo-myokine irisin in sepsis and
septic shock: Diagnostic and prognostic implications.
Biomolecules. 14(3): 291. doi: 10.3390/biom14030291.

Klein, T. (2005). Cannabinoid-based drugs as anti-inflammatory
therapeutics. Nature Reviews  Immunology. 5: 400-411.
doi.org:10.1038/nri1602.

Kumar, N.R., Balraj, T.A., Kempegowda, S.N. and Prashant, A.
(2024). Multidrug-resistant sepsis: A critical healthcare
challenge. Antibiotics.  13(1):  46.  doi:  10.3390/antibiotic
s13010046.

Ji, S., Kang, J., Han, C., Xu, X., Chen, M., Chen, J. and Chan, P.
(2024). Potential role of APOE [4 allele as a modifier for
the association of BDNF Val66Met polymorphisms and
cognit ive impairment in community-dwell ing older
adults. Frontiers  in Aging  Neuroscience. 16(2024):
1330193. doi: 10.3389/fnagi.2024.1330193.

Maayah, Z.H., Ferdaoussi, M., Alam, A., Takahara, S., Silver, H.,
Soni, S. and Dyck, J.R. (2024). Cannabidiol suppresses
cytokine storm and protects against cardiac and renal
injury associated with Sepsis. Cannabis and Cannabinoid
Research. 9(1): 160-173. doi: 10.1089/can.2022.0170.

Mo, L., Shen, J., Liu, Q., Zhang, Y., Kuang, J., Pu, S. and He, J.
(2016). Irisin is regulated by CAR in liver and is a mediator
of hepatic glucose and lipid metabolism. Molecular
endocrinology. 30(5): 533-542. doi:10.1210/me.2015-
1292.

More, S.A., Deore, R.S., Pawar, H.D., Sharma, C., Nakhate, K.T.,
Rathod, S.S. and Goyal, S.N. (2024). CB2 cannabinoid
receptor as a potential target in myocardial infarction:
exploration of molecular pathogenesis and therapeutic
strategies. International Journal of Molecular Sciences.
25(3): 1683. doi:10.3390/ijms25031683.

Perakakis, N., Triantafyllou, G.A., Fernαndez-Real, J.M., Huh, J. Y.,
Park, K.H., Seufert, J. and Mantzoros, C.S. (2017).
Physiology and role of irisin in glucose homeostasis.
Nature reviews endocrinology. 13(6): 324-337. doi: 10.
1038/nrendo.2016.221.

Pisani, A., Paciello, F., Del Vecchio, V., Malesci, R., De Corso, E.,
Cantone, E. and Fetoni, A.R. (2023). The role of BDNF as
a biomarker in cognitive and sensory neurodegeneration.
Journal of Personalized Medicine. 13(4): 652.

Rudd, K.E., Johnson, S.C., Agesa, K.M., Shackelford, K.A., Tsoi,
D., Kievlan, D.R. and Naghavi, M. (2020). Global, regional
and national sepsis incidence and mortality. 1990-2017:
Analysis for the Global Burden of Disease Study. The
Lancet. 395(10219): 200-211.

Sekino, N., Selim, M. and Shehadah, A. (2022). Sepsis-associated
brain injury: Underlying mechanisms and potential
therapeutic strategies for acute and long-term cognitive
impairments. Journal of Neuroinf lammation. 19(1):
101.10.1186/s12974-022-02464-4

Wang, J., Zhu, Q., Wang, Y., Peng, J., Shao, L. and Li, X. (2022).
Irisin protects against sepsis-associated encephalopathy
by suppressing ferroptosis via activation of the Nrf2/
GPX4 signal axis. Free Radical Biology and Medicine.
187: 171-184. doi:10.1016/j.freeradbiomed.2022.05.023

Wang, L., Kulthinee, S., Yano, N., Wen, H., Zhang, L.X., Saleeba,
Z.S. and Zhao, T.C. (2024). Gold nanopartic les-
conjugation of irisin enhances therapeutic effect by
improving cardiac function and attenuating inflammation
in sepsis. Molecular Diversity. 1-12. doi:10.1007/s11030-
024-10933-6.

Wang, Q., Liu, K. and Jin, C. (2021). Clinical value of microRNA-
378a-3p in sepsis  and its  role in sepsis- induced
inflammation and cardiac dysfunction. Bioengineered.
12(1): 8496-8504. doi:10.1080/21655979.2021.1985339.

Wei, S., Bi, J., Yang, L., Zhang, J., Wan, Y., Chen, X. and Wu, R.
(2020). Serum irisin levels are decreased in patients
with sepsis and exogenous irisin suppresses ferroptosis
in the liver of septic mice. Clinical and translational
medicine. 10(5): e173. doi: 10.1002/ctm2.173.

Wu, A.H., Feng, Y.J., Contois, J.H. and Pervaiz, S. (1996).
Comparison of myoglobin, creatine kinase-MB and
cardiac troponin I for diagnosis of acute myocardial
infarction. Annals  of  Clinical  and  Laboratory Science.
26(4): 291-300.

Yu, M., Qin, C., Li, P., Zhang, Y., Wang, Y., Zhang, J. and Yu, Y.
(2021). Hydrogen gas al leviates sepsis - induced
neuroinflammation and cognitive impairment through
regulation of DNMT1 and DNMT3a-mediated BDNF
promoter IV methylation in mice. International Immuno
pharmacology. 95: 107-583. doi: 10.1016/j.intimp.2021
.107583.



                                                                                                                                                                                    Indian Journal of Animal Research6

Zaky, A., Deem, S., Bendjelid, K. and Treggiari, M.M. (2014).
Characterization of cardiac dysfunction in sepsis: An
ongoing challenge. Shock. 41(1): 12-24. doi:10.1097/
SHK.0000000000000065.

Zanotti-Cavazzoni, S.L. and Hollenberg, S.M. (2009). Cardiac
dysfunction in severe sepsis and septic shock. Current
opinion in critical care. 15(5): 392-397. doi:10.1097/
MCC.0b013e3283307a4e.

Zeng, N., Xu, J., Yao, W., Li, S., Ruan, W. and Xiao, F. (2017). Brain
derived neurotrophic factor attenuates septic myocardial
dysfunction via eNOS/NO pathway in rats. Oxidative
Medicine and Cellular Longevity. 2017(1): 1721434.
doi:10.1155/2017/1721434.

Zhang, B., Yu, L. and Sheng, Y. (2021). Clinical value and role of
microRNA-29c-3p in sepsis-induced inflammation and
cardiac dysfunction. European Journal of Medical
Research. 26(1): 90. doi:10.1186/s40001-021-00566-y.

Zhang, X., Dong, S., Qin, Y. and Bian, X. (2015). Protective effect
of erythropoietin against myocardial injury in rats with
sepsis  and its  underlying mechanisms. Molecular
Medicine Report. 11(5): 3317-3329. doi:10.3892/mmr.
2015.3155.

Zuardi, A.W., Crippa, J.A.D.S., Hallak, J.E.C., Moreira, F.A. and
Guimarγes, F.S. (2006). Cannabidiol, a Cannabis sativa
constituent, as an antipsychotic drug. Brazilian journal
of medical and biological research. 39: 421-429. doi:
10.1590/S0100-879X2006000400001.

The Effect of Cannabidiol on Myokine, Cerebral and Cardiac Response in Rats with Sepsis Induced by Cecal Ligation...


