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Introduction

Carbon monoxide (CO) is an air pollutant and the by-
product of the incomplete combustion of fossil fuels and 
hydrocarbons. CO poisoning is one of the most important 
causes of death due to poisoning (1). In some developed 
countries, such as the United States, CO is the leading 
cause of death from poisoning (2). It is rapidly absorbed 
from the lungs and then combined with hemoglobin and 
carboxyhemoglobin, disrupts cellular respiration, pro-
duces Reactive Oxygen Species, destroys cells, and apop-
tosis (3).

The significant effects of CO poisoning have been due 
to reduced oxygen delivery to the tissues, especially in the 
brain and heart. CO poisoning is usually accidental and due 
to disruption of systems related to fossil or hydrocarbon 
fuels (4). CO poisoning, in some cases, causes severe heart 
poisoning that can lead to the spread of cardiomyopathy, 
heart failure, and even death (2). The results of previous 
studies all indicate the destructive effects of CO poisoning 
on myocardial tissue (5-7). Meanwhile, some studies have 
shown that this poisoning leads to histological changes 
in heart tissue, such as vacuolation, heart cell fusion, and 
myocardial cell death (8, 9). There are several mechanisms 

involved in CO poisoning. CO-induced cardiomyopathy 
has been reported to be strongly associated with increased 
cardiac oxidative stress (10). In addition, apoptosis and 
impaired intracellular calcium regulation are among the 
possible mechanisms related to CO poisoning (11).

When the heart is exposed to CO oxidative stress, it 
gradually develops hypertrophy (6). Cardiac hypertro-
phy, characterized by the growth of cardiomyocytes and 
remodeling of the intercellular matrix (such as fibrosis) in 
myocardial tissue, is a complex process involving growth 
factors and cytokines (9).

The body increases anti-inflammatory proteins, inclu-
ding heme oxygenase-1 (HO-1), in response to oxidative 
stress (12). HO-1 is one of the most sensitive antioxidant 
enzymes against cellular stress and has a variety of func-
tions (13). Still, the most critical process of HO-1 is to 
defend against oxidative stress, which due to its significant 
expression and activity in the heart has received a lot of 
attention. Therefore, studying this enzyme in people with 
CO poisoning can provide valuable information (14).

One way to treat patients with acute carbon monoxide 
poisoning and myocardial injury is to use hyperbaric 
oxygen therapy (HBOT) (2). The mechanism of action in 
the treatment of HBOT is to create an environment with 
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a pressure of more than one atmosphere and the ability 
to provide pure respiratory oxygen (15). This process al-
lows a lot of dissolved oxygen to reach the bloodstream 
so that the cells' needs can be met by dissolved oxygen in 
the blood (16). In hyperbaric oxygen therapy, increasing 
the oxygen content of the blood (O2 content) increases the 
transfer of oxygen from the blood to the tissues and facili-
tates the release of oxygen (17).

Considering the damages resulting from poisoning and 
death and the lack of sufficient information about the pat-
tern of poisoning, the present study evaluated the effect 
of hyperbaric oxygen therapy on heme oxygenase-1 (HO-
1) in patients with acute carbon monoxide poisoning and 
myocardial injury.

Materials and Methods

Studied patients
In a before-after Quasi-Experimental study, 20 patients 

with carbon monoxide poisoning and myocardial injury 
were studied. Inclusion criteria included:

• Carbon monoxide poisoning
• Minimum pulmonary arterial pressure (PAP)of 30 

mm Hg based on the Bernoulli equation in Doppler echo-
cardiography

• No history of heart failure
• No systemic disease
The Bernoulli equation was calculated based on the 

flow rate of tricuspid valve insufficiency and according to 
the following equation:

Pulmonary Arterial Pressure (PAP) = 4 × V2 + Jagular 
Venus Pressure

People with a history of other lung, heart, and syste-
mic diseases were excluded from the study. Consent was 
obtained from all patients studied. At the beginning of the 
study and after performing Doppler echocardiography and 
collecting demographic information to check the Exercise 
Capacity, a 6 min walking test (the distance that the patient 
can walk in 6 minutes) was performed on all samples.

Experimental evaluations
All patients underwent 40 daily hyperbaric oxygen 

therapy sessions for 90 minutes at a pressure of 2.4 ATA. 
Patients were kept unaware of the name and side effects 
of the drug until the end of the study. The patients' other 
medications continued during the study period, but the 
patients were not allowed to take the new medication. 
Patients were monitored weekly for drug side effects such 
as blurred vision, binoculars, hot flashes, and urine disco-
loration during the interview by a physician. Specialists 
visited them if they reported any significant side effects. 
Treatment was discontinued if necessary. After 12 weeks, 
patients underwent Doppler echocardiography, PAP calcu-
lation, and Six Min Walking test.

Heme oxygenase-1 (HO-1) gene expression
To evaluate and compare the mRNA level of the HO-1 

gene, 5 ml of peripheral blood was obtained from all pa-
tients in the study, before and after the intervention. Also, 
20 healthy individuals, as a control group, participated and 
5ml of blood were prepared from them. RNA extraction 
and cDNA synthesis were evaluated by RNA extraction 
kit protocol (Qiagen, South Korea) and Vivantis cDNA 
synthesis kit (Malaysia). Specific primer pairs were desig-
ned to amplify the sequences of the HO-1 gene and β-actin 
gene (internal control). The primers were designed using 
Gene Runner 5 and Primer Express 1.0.3 software. Table 
1 shows the sequence of primers for the real-time PCR 
technique. 

The final volume for each reaction was 20μl, inclu-
ding 100ng of Power SYBR® Green PCR Master, 1μl of 
cDNA, 10μl of Master Mix (Applied Biosystems, USA), 
10mmol/μl of primers, and 6μl of nuclease-free water. 
Temperature protocol was performed as initial denatura-
tion at 94°C for 5 minutes. Subsequently, 35 cycles were 
performed as denaturation at 94°C for 10 seconds and 
annealing at 58°C for 40 seconds. Reproduction analysis 
and melting curve were performed using Applied Bio-
systems 7500. Then gene expression diagram was drawn 
using Prism 5 GraphPad software. Genetic data analysis 
was performed based on threshold cycle comparison (Ct). 
The ΔCT was calculated by the Ct difference obtained 
from the tested samples. Then, it was calculated using the 
formula 2 -ΔΔCT.

Statistical analysis
Data were analyzed using SPSS software version 15. 

Paired t-test was used to compare the two indices of dis-
tance and pulmonary artery pressure before and after the 
intervention. P-values less than 0.05 were considered si-
gnificant, and all data were reported as mean ± SD.

Results and discussion

The results of initial evaluations showed that the age 
of patients was between 16 and 48 years, with an average 
of 32.87 ± 3.91 years. Mean systolic blood pressure was 
119 ± 20 mm Hg, and diastolic blood pressure was 69 ± 
8 mmHg. The mean heart rate was 71 ± 7, and the mean 
respiratory rate was 16 ± 3. Of the 20 patients studied, 
19 completed the course of treatment, and only one pa-
tient stopped treatment due to gastrointestinal side effects 
after six weeks. At the beginning of the study, the mean 
pulmonary arterial pressure (PAP) was 37.75 ± 8.21, and 
the mean distance traveled over 6 minutes in patients 
was 263.35 ± 82.28 m. After 12 weeks, the average PAP 
was 29.10 ± 6.55, and the average distance was 291.35 ± 
82.39. The difference during 12 weeks was 8.65 ± 4.91 for 
PAP, and this reduction in pressure was statistically signi-

Gene Primer Sequence (5’-3’) Product size
HO-1 Forward CCCAAAACTGGCCTGTAAAA

104p
Reverse CGTGGTCAGTCAACATGGAT

β-actin Forward AGCTGCGTTTTACACCCTTT
165bp

Reverse AAGCCATGCCAATGTTGTCT

Table 1. The Primer sequences of HO-1 and β-actin genes for the Real-time PCR 
technique.
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nent) tissue ischemia (26-28). Tissue hypoxia is followed 
by the destruction of anaerobic infections, which, when 
oxygen reaches the immune cells, modulates the activity 
of the immune system and reduces vasoconstriction due 
to hypoxia, leading to a decrease in edema in the ische-
mic region (15). The current study results showed that the 
expression level in the intervention group before the test 
had a significant increase compared to the control group (p 
= 0.0004). However, after hyperbaric oxygen therapy, the 
expression of this gene decreased significantly, and there 
was no statistically significant difference with the control 
group (p = 0.062). 
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