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Abstract 
Background: Although the beneficial role of exercise and CBD oil in 
Myocardial infarction (MI) has been reported, the interactive effect of 
swimming training (ST) and CBD Oil (CO) consumption is still not well known. 
Therefore, the purpose of this study was to investigate the effect of eight weeks 
of CBD oil consumption on Ceramide gene expression in the heart tissue of rats 
suffering from heart infarction along with swimming exercise. 

Materials and Methods: In this experimental trial, 25 ovariectomized rats 
with myocardial infarction were divided into five groups, including (1) Healthy 
control (HC), (2) Myocardial infarction (MI) (3) Myocardial infarction+ 
Swimming training (MI+ST), (4) Myocardial infarction + 50 mg/kg of CBD oil 
consumption (MI+CO 50), and (5) Myocardial infarction + 50 mg/kg of CBD oil 
consumption+ Swimming training (MI+. +CO 50 + ST). Myocardial ischemia 
was induced by subcutaneous injection of isoproterenol (50 mg/kg 
intravenously) in myocardial infarction rats. Groups 3 and 4 received 50 
mg/kg CBD as gavage on a daily basis for eight weeks, and groups 2 and 4 
performed swimming training five days a week. One-way analysis of variance 
(ANOVA) with Tukey’s post hoc test was performed to analyze the findings (P 
< 0.05)).In this study, 25 rats were divided in 5 groups including: (1) healthy 
control, (2) patient control, (3) endurance training (3 days a week for one 
month), (4) recipients of mesenchymal stem cells (1 × 106 cells / Kg), and (5) 
simultaneous recipients of endurance training and mesenchymal stem cells. 
Alkaline phosphatase gene expression was assessed by RT PCR and the 
amount of osteopontin synthesis was measured by immunohistochemistry 
procedure. 

Results: Ceramide in the MI group had a significant decrease compared to the 
healthy control group (p=0.01). Compared to the MI group, only the MI group 
+ swimming + CBD supplement showed a significant increase in Ceramide 
(p=0.01). 

Conclusion: Eight weeks of CBD oil consumption and swimming training can 
reduce heart tissue damage by increasing Ceramide expression. 

1. Ph.D. Student, Department of Physical Education and Sport Sciences, Isfahan (Khorasgan) Branch, Islamic Azad University, 
Isfahan, Iran.  
2,3. Associate Professor, Department of Physical Education and Sport Sciences, Isfahan (Khorasgan) Branch, Islamic Azad 
University, Isfahan, Iran. 
 

Jo
u

rn
a

l 
o

f 
Sp

o
rt

s 
P

h
y

si
o

lo
g

y 
a

n
d

 A
th

le
ti

c 
C

o
n

d
it

io
n

in
g
 

T
a

lk
 

Research Article 
The effect CBD oil consumption on Ceramide gene expression in heart tissue of 

rats with heart infarction along with swimming training 

 
Mostafa Safian Boldaji1, Khosro Jalali Dehkordi*2, Farzaneh Taghian3 

mailto:khosrojalali@gmail.com


Research article                        Journal of Sports Physiology and Athletic Conditioning. 2023; 3 (9): 81-90 

82 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cardiovascular diseases are considered to be 

the main cause of about one third of all deaths 

in the world and include all heart diseases 

including coronary arteries, heart failure, 

cardiac arrhythmia, cardiomyopathy and 

myocardial ischemia (1,2,3). On the other hand, 

heart diseases are the main causes of death in 

most industrialized and developing countries, 

which has led to significant disability and 

reduced human productivity. Myocardial 

infarction (MI) is an acute condition of 

myocardial necrosis resulting from sudden or 

continuous interruption of blood supply to 

myocardial demand. It is also one of the 

deadliest forms of ischemic heart disease, 

which leads to high mortality and morbidity 

(4,5). MI is a condition that includes the 

interruption of coronary blood supply needed 

to meet the demand of the myocardium, 

resulting in its deprivation of oxygen and 

nutrients and causing the destruction of heart 

tissues. These changes occur along with 

countless pathophysiological and biochemical 

changes, including thrombosis, hyperlipidemia, 

lipid peroxidation, damage and accumulation of 

free radicals, and small changes in the 

myocardium (6). Sphingolipids (S1P) are the 

most well-known lipids of eukaryotic cells, 

which, in addition to their structural role, play a 

role in regulation, proliferation, differentiation, 

hypertrophy, and apoptosis (7). They are 

phosphates. Ceramide is the second messenger 

in the transmembrane signaling pathway of 

sphingomyelin. In the signaling process, 

ceramide is produced from sphingomyelin 

located on the plasma membrane and in 

endosomes and lysosomes (8). Ceramide is 

converted to sphingosine in a reaction by an 

enzyme called ceramidase. The main effect of 

ceramide includes the initiation of cell 

differentiation, the initiation of gradual cell 

death (apoptosis) and presence in 

inflammatory processes. 

It also plays a role in the absorption of glucose in 

different tissues (9). Studies in the field of 

ceramide metabolism have mostly been 

conducted on isolated tissues, and there are not 

many data regarding studies in living organisms. 

Epidemiological and experimental studies have 

shown the relationship between ceramides and 

cardiovascular risk factors such as age, arterial 

blood pressure, and obesity, and there is a 

pathogenetic link between ceramide profile 

changes and atherosclerotic progression (10). 

Bani Talebi et al showed that resistance training 

increased ceramide in mice (11). In recent 

decades, exercise alone and together with diet 

and medication have been recommended as 

strong strategies for mediating and controlling 

heart infarction. Due to its multiple properties, 

exercise can at least lead to the reduction of 

cardiac drugs and the reduction of their effects 

in people with heart infarction (12). Based on 

the available evidence, swimming training has 

been associated with a reduction in contractile 

dysfunction and an increase in the myocytes of 

the left ventricle of mice. Also, swimming has 

been shown to reduce oxidative stress levels and 

increase cardiac antioxidants in animal studies 

(13). Also, considering the nature of exercise 

and its challenging effect on oxidative stress and 

inflammation, it seems that the use of natural 

anti-inflammatories and antioxidants along with 

exercise can have a more favorable effect on the 

health of these people. In recent years, there has 

been increased interest in the therapeutic 

potential of the Phyto cannabinoid cannabidiol 

(CBD), which occurs naturally in the Cannabis 

sativa / indica plant, commonly known as 

marijuana (14). Several studies have shown that 

CBD is involved in the process of modulating the 

immune system, anti-inflammatory, anti-

psychotic, muscle relaxant and protective 

against myocardial ischemia and re-injury of 

blood flow and nerve protection (15).  

1. Introduction 
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2. Materials and Methods 

In this experimental study with a post-test design 
along with a control group, 58 female Wistar rats 
with an approximate age of 9 ± 2 weeks, and an 
approximate weight of 200 ± 20 grams were 
prepared and transferred to the Animal Physiology 
Laboratory of the Islamic Azad University, Esfahan 
Branch. The samples were kept in the laboratory 
for one week to adapt to the environment. It is 
worth mentioning that during the research period, 
all the ethical principles of working with laboratory 
animals were observed in compatibility with the 
Helsinki Agreement and under the supervision of 
the University Biomedical Ethics Committee. 
During the whole research period, all standard 

conditions including 12-12 hours of light-darkness, 

approximate humidity of 55-60%, and the standard 

temperature of 22-24° C were observed. Also, 

during the research protocol, animals had free access 

to water and special food for rats. In addition, to 

keep the samples, washable cages and sterile grated 

soil were used to absorb the urine and moisture in 

the cages. 

 

 

Induction of Myocardial infarction 
Induction of myocardial ischemia was performed by 
subcutaneous injection of isoproterenol at a dose of 
85 mg / kg as a solution of normal saline for two 
consecutive days 24 hours apart, so that it could 
induce an experimental myocardial infarction To 
ensure the induction of experimental myocardial 
infarction, a number of rats in each stroke group were 
randomly anesthetized two days after MI and their 
cardiac tissue samples were examined using 
histochemical hematoxylin eosin staining techniques 
and eligible groups were included in the study. 
Grouping and research design 
Given the disease scales and homogenization, 49 
rats with EAE were divided into seven groups of 
seven animals, including: (1) Myocardial infarction 

(MI) (2) Myocardial infarction+ Swimming training 

(MI+ST), (3) Myocardial infarction + 50 mg/kg of 

CBD oil consumption (MI+CO 50), and (4) 

Myocardial infarction + 50 mg/kg of CBD oil 

consumption+ Swimming training (MI+. +CO 50 + 

ST).It is also worth mentioning that seven healthy 
rats were included in the healthy control group 
(HC) to investigate the effects of MI induction on 
the research variables. 
Swimming training protocol 

Swimming training protocol was performed for 

eight weeks, three days a week and 30 minutes a 

day at a given time between 14:00 and 17:00 in a 

150 × 90 × 70cm plastic tank with a water 

temperature of 28 ± 1° C. Other groups were kept 

in vitro during the implementation of the protocol. 

To implement the training protocol, the animals in 

the training and training and supplementation 

groups were introduced to animal swimming for 

two weeks. In the first week, called the adaptation 

week, swimming training was done in such a way 

that on the first day, the duration of swimming was 

10 minutes, and in the following days, 10 minutes 

was added every session to the time so that after a 

week, the rats swimming time reached 30 minutes 

per day and it was maintained until the end of the 

eighth week. 

 Preparation of CBD oil  

2 ml of CBD oil in normal saline solution with a 

dose of 50 mg/kg was obtained from Sigma 

Company in Tehran. 

 

 

Research indicates that CBD may be beneficia 
l for people with high blood pressure because 
it can influence the contractions of the heart 
muscle and help widen blood vessels 
(16).CBD oil with anti-inflammatory effects 

can reduce heart attack along with swimming 

exercise, but so far, the effect of swimming 

exercise combined with CBD on cardiovascular 

health has not been investigated and it needs 

more studies in this field. The aim was to 

investigate the effects of eight weeks of CBD oil 

consumption on the expression of Anandamide 

genes in the heart tissue of rats suffering from 

heart infarction along with swimming exercises. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641267/
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Accession Number Oligo sequence 5ˈ-3ˈ Gene name 

NM_012675.3 F         5' TGCGACCACCTCCTCCTTCT      3'           

   

R         
5'GCAACCCCCAGTTCCTCCAC  3' 

           
 

Ceramide 

XM_017593963.1 F         5' AAG TTC AAC GGC ACA GTC AAG G 3' 

 

R        5' CAT ACT CAG CAC CAG CAT CAC C 3' 

GAPDH 

 

Molecular Analysis of Myocardial Tissue by 

Real Time PCR 

Molecular analysis was performed at gene 

expression level. To this end, initially the RNA 

was extracted from tissues in all the groups 

studied, based on the manufacturer's protocol 

(Qiagene, Germany). To do this, 200 μL chiazol 

was added to the samples and incubated at -80 ° 

celcius for 24 hours. The plaque in cryotube was 

crushed in semi-freezing state and 100 μL 

chloroform was added to the samples for 1 

minute to lyse the samples. 

The ensuing solution was centrifuged at 12,000 

rpm for 10 minutes. The clear liquid at the top of 

the tube containing the RNA was lightly removed 

and placed in a DEPC microtube. 1 cc of 

isopropanol was poured onto clear RNA and 

stirred by hand for 1 minute. The samples were 

centrifuged at 12,000 rpm for 10 minutes. Then 

the supernatant was discarded and 1 cc of 70% 

alcohol was added to the sediment. After 

extracting RNA with high purity and 

concentration from all samples, cDNA 

synthesiswas performed in accordance with the 

protocol of the manufacturer (Fermentas, USA) 

and then the synthesized cDNA was used for 

reverse transcription reaction. Measurement of 

Ceramide expression levels of heart tissue was 

performed by Real time-PCR quantitative 

method. 

 

Statistical analysis  

The Shapiro-Wilk, one-way analysis of variance 

test along with Tukey's post-hoc tests were used 

for statistical analysis of data (P≤0.05). 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=260166688
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Figure 1: Ceramide gene expression in different groups 
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The results of one-way analysis of variance showed 

that there is a significant difference in Ceramide 

gene expression values (p=0.01) in the heart tissue 

of rats suffering from myocardial infarction. Also, 

MI causes a significant decrease in Ceramide in the 

heart tissue compared to the healthy control group 

(p=0.01). Compared to the MI group, only the MI 

group + swimming + CBD supplement showed a 

significant increase in Ceramide e (p=0.01) While 

MI + swimming and MI + CBD did not show 

significant changes compared to the healthy and MI 

groups (P>0.05) (Figure 1). 

 

3. Results 
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4. Discussion 

Physical activity offers a wide range of benefits 

that are effective in controlling many diseases, 

however, the mechanisms by which exercise 

improves many molecular pathways disrupted 

by disease are not well understood, including 

this disease. and the damage is the destruction 

of the heart muscle caused by MI (7,8). The aim 

of this study was to determine the effect of eight 

weeks of CBD oil consumption on the 

expression of Ceramide genes in the heart tissue 

of rats suffering from myocardial infarction 

after swimming exercises. The results of the 

present study showed that eight weeks of 

swimming exercises with by consuming CBD oil, 

Ceramide gene expression is significantly 

increased in the heart tissue of rats suffering 

from MI. The results of the present study 

showed that the simultaneous use of CBD and 

swimming exercise increased the expression of 

the Ceramide gene in the heart region after the 

induction of stroke with isoprenaline in an 

animal sample. Sphingolipids are one of the 

most well-known lipids of eukaryotic cells. In 

addition to their structural role, they play a role 

in regulation, reproduction, differentiation, 

hypertrophy, and programmed cell death. 

Ceramide is produced from sphingomyelin 

located on the plasma membrane and in 

endosomes and lysosomes. Ceramide is 

converted into sphingosine in a reaction by an 

enzyme called ceramidase (19). The main effect 

of ceramide includes the initiation of cell 

differentiation, the initiation of gradual cell 

death (apoptosis) and presence in inflammatory 

processes. It also plays a role in the absorption 

of glucose in different tissues (20). Studies in the 

field of ceramide metabolism have mostly been 

conducted on isolated tissues and there are not 

many data regarding studies in living organisms 

(21).  

Many of the signaling effects of the 

sphingomyelin family through phospholipase C 

activation, Ca2+ stimulation, ERK1/ 2, Adenylate 

cyclase C, MAPK, PI3K, Akt and other 

downstream mediators are modulated and 

increase intracellular calcium flow and inhibit 

cAMP accumulation (22-25). Sphingosine 1-

phosphate is a growth factor in cardiac 

hypertrophy. Beni Talebi et al. in 2012 research 

stated that resistance training can increase the 

amount of sphingosine-1-phosphate in the 

plasma level and its cell surface receptors (11). 

Danieli Beto (2010) showed that sphingosine-1-

phosphate produced intracellularly can be 

released to damaged sites and stimulate the 

repair process of damaged tissue (22). Suleiman 

et al. (2013) showed that it is a bioactive 

sphingolipid derived from platelets that is 

involved in the regulation of proliferation, 

differentiation, hypertrophy and countering 

programmed cell death (26). studied the amount 

of sphingosine-1-phosphate (S1P) in the plasma 

and cardiac muscle of male Wistar rats, the 

results showed that this factor tended to increase 

after a period of resistance training. Based on the 

results of the Changizi study, lipid levels and 

serum ceramide profile decreased during circuit 

resistance training with increased insulin 

sensitivity (27). This reduction may indicate a 

reduction in metabolic risk factors, which was 

inconsistent with the results of the present study. 

In a study, Dobrzy et al. showed that 6 weeks of 

endurance training decreased the total ceramide 

content in Wistar rats and had no effect on the 

sphingosine content (28). Blachnio-Zabielska et 

al showed that a long-term acute exercise 

increased total SIP content in the soleus muscle 
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SK1 enzyme activity and endogenous SIP levels 

were significantly increased in injured tissues 

and correlated with satellite cells, indicating 

Involvement of SK1/SIP in wound healing and 

repair These results support the role of SIP as a 

new approach in tissue repair and healing (29).. 

The results obtained in this study showed a 

significant increase in Ceramide gene expression 

in the heart tissue of the group treated with CBD 

oil and training compared to the model group. 

Chronic use of CBD is well tolerated in humans 

without side effects. Cannabidiol has several 

therapeutic effects including antioxidant, anti-

inflammatory and anticoagulant effects. 

Cannabis has been reported to contain more 

than 20 types of flavonoids. CBD has a 

cardioprotective effect against myocardial 

ischemia and re-damage to blood flow. Rajesh et 

al. (2010) showed that CBD administration 

reduces myocardial damage by preventing a 

systemic inflammatory response (30). Walsh et 

al. showed that a single acute dose of CBD (50 mg 

/ kg intravenously) reduces myocardial I / R 

damage. CBD may increase adenosine signaling 

and therefore may lead to activation of the 

adenosine A1 receptor (31). Among the 

limitations of the current study is the low 

number of study groups along with the strict 

control of the intake diet. Also, considering the 

role of Ceramide isoforms in cardiac 

hypertrophy and their effectiveness in exercise, 

the lack of measurement of different isoforms, 

the use of different measurement methods. Like 

western blot and ELISA, it is suggested in future 

studies. It seems that eight weeks of swimming 

exercise and consumption of CBD oil can reduce 

tissue damage and increase heart tissue 

regeneration caused by isoprenaline by 

improving cardiac homeostasis and increasing 

Ceramide. 

In general, the results of the present study showed 

that 8 weeks of Swimming training and CBD Oil 

consumption significantly increased the ceramide 

gene expression j, which is another confirmation of 

the reduction of inflammatory and increased 

survival of healthy cells in the heart tissue of mice 

following Swimming training and CBD Oil. 

 

Conclusion  
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