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Introduction
Asthma is a chronic pulmonary inflammatory disease with 
profound structural alteration in lungs and airway conduits, 
contributing to airway obstruction.1,2 The emergence of 
chronic inflammatory response, not only, could affect 
the function of respiratory system, but also affect the 
physiological behavior of tissues which functionally are in 
close relation with respiration.3 Evidences have shown the 
potency of asthma inflammatory factors in the progression 
of atherosclerosis and cardiovascular disease (CVD).4 
Based on the released facts from cohort studies, there is 
a close association between asthma and CVDs, in which 
an increased risk of CVDs has been reported in asthmatic 
patients.5 However, there is no consolidated agreement 

on the reciprocal association of CVD and asthmatic 
changes and underlying mechanisms are still unknown.6 
It is thought that the increase of acute phase proteins 
and inflammatory mediators in asthmatic patients such 
as including interleukin-1 (IL-1), tumor necrosis factor-
alpha (TNF-α), interleukin-6 (IL-6), C-reactive protein 
(CRP), platelet-activating factor, etc., can play a role in 
the progression of atherosclerosis and CVD.7 Along with 
these changes, the level of leukotriene is increased after 
initiation of inflammation in cardiac and pulmonary 
tissues.8  

miRNAs are small non-coding RNAs, ranging from 
18 to 25 nucleotides, and regulate gene expression by 
the inhibition of mRNA translation or degradation.9 
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Abstract
Introduction: Asthma is a chronic pulmonary inflammation occurred in response to different 
allergens, leading to respiratory system insufficiency. The production of different inflammatory 
factors and enhanced immune system response may affect the function of other organs. The aim 
of this study was to investigate the expression of inflammatory microRNAs in cardiac tissue in 
asthmatic rat models.
Methods: In this study, the animals were allocated into control and asthmatic rats (n=8). To 
induce asthma, rats were challenged with ovalbumin (OVA). Fourteen days after induction 
of asthma, rats were euthanized and hematoxylin-eosin (H&E) staining was performed to 
assess pathological changes in their pulmonary tissue. Serum levels of cardiac enzymes were 
measured using ELISA kits. Finally, transcription level of inflammatory miRNAs, miRNA-146a 
and -155, were measured using real-time polymerase chain reaction (PCR) analysis.
Results: Based on our findings, histological examination indicated the existence of pathological 
changes in pulmonary tissue after asthma induction. Bright-field analysis revealed an existence 
of inflammatory response and cytotoxicity in cardiac tissue. Also, the serum levels of creatine 
phosphokinase-MB (CpK-MB), alanine aminotransferase (ALT), and aspartate aminotransferase 
(AST) were significantly higher in the serum of asthmatic group compared to control group 
(P < 0.05). Finally, asthmatic condition induced the expression of (2-fold) miRNA-146a and 
(1.5-fold)-155 in cardiac tissue, respectively.
Conclusion: As a conclusion, it could be concluded that asthmatic condition induces systemic 
inflammation in cardiac tissue. On a more general note, we propose that therapeutical 
approaches directed to inflammatory pathway may be required to preserve cardiac injuries 
caused of asthma.
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Literature reviews demonstrated that level of distinct 
microRNAs could be changed in cardiac disorders, 
and could be consider as a biomarker for heart tissue 
injury.10 In this respect, experiments highlighted the 
increase of miRNA-155 and -146a in acute myocardial 
infarction and inflammatory diseases.11 However, there is 
a controversial debate regarding miRNA-155 expression 
in asthmatic animals compared to normal subjects.12 This 
miRNA targets critical inflammatory genes including 
c-Fos, C-Maf, and INF-γ receptor.12,13 The promotion 
of asthmatic changes in rats and mice by ovo-albumin 
induced the expression of miRNA-155 in the lungs.14-16 
As a result, targeting specific miRNAs could supplement 
instrumental data in the control of allergic asthma and 
asthma-derived pathology in non-pulmonary tissues such 
as heart. 

Despite the great importance of asthma in disrupting 
cardiac pathophysiology, few studies have been conducted 
yet. The aim of this study was to investigate the expression 
level of inflammatory microRNAs in cardiac tissue of 
asthmatic rats.

Material and methods
Asthma induction and animal groups
Sixteen adult male Wistar rats, weighting approximately 
200 g, were enrolled in this study. The animals were kept 
in standard cages under 12:12 light–dark cycle at 18-
22°C with free access to water and food. After adaptation 
to the new condition, rats were allocated into control 
and asthmatic rats (n=8). In order to induce asthmatic 
changes, rats were exposed to ovalbumin (OVA; Sigma-
Aldrich, USA) for a period of 32 ± 1 days according to our 
previous studies.17

Each animal received 1 mg OVA and 200 mg aluminum 
hydroxide (as adjuvant) intra-peritoneally dissolved in 1 
mL normal saline from the days 1 to 8. On day 14, the 
sensitized rats were challenged daily with aerosolized 
condition of 4% OVA formed by a nebulizer for 5 
minutes (CX3, Omron Co., Netherlands), for 18 ± 1 days 
without any interruption. This exposure was induced 
in a special sealed box with dimensions of 30 × 20 × 20 
cm3. In the healthy subjects, the same vehicle type was 
injected instead of OVA with the same manner. One day 
after the completion of sensitization protocol, all assays 

was performed. After completion of asthma procedure, 
animals were euthanized by using the combination of 
ketamine and xylazine. Following the completion of 
asthma induction, the animals were anesthetized using 
ketamine (75 mg/kg bw)/xylazine (3 mg/kg bw) solution 
intraperitoneally and scarified. Both hearts and lungs were 
removed and subjected to the histological examination 
and genomic analysis.

Histological examination
To confirm the promotion of asthmatic changes in 
pulmonary tissue and assess the effect of asthma on cardiac 
tissue, we performed hematoxylin-eosin (H&E) staining. 
To this end, left ventricle tissue was excised and kept 
in 10% buffered-formalin solution (Merck, Germany). 
Samples were dehydrated, cleared by xylol, and paraffin-
embedded. 4 µm-thick sections were prepared using 
microtome (Leica) and stained by H&E solution. Cardiac 
samples were evaluated for the existence of necrosis 
and inflammation. In pulmonary tissue, we monitored 
different pathologies such as immune cell infiltration, 
edema, emphysema, and atelectasis and bronchioles 
epithelial detachment.  

Investigation of cardiac enzymes
The activity levels of creatine phosphokinase-MB (CpK-
MB), alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) in the serums were measured 
using commercial kits according to manufacture protocol 
(Pars Azmun, Iran).

Real-time polymerase chain reaction assay
To assess the transcription of miRNA-146a and -155, 
real-time polymerase chain reaction (PCR) analysis 
was performed. On this basis, left ventricle was quickly 
chopped and RNA content isolated using TRIzol (Roche, 
Germany) according to the manufacturer’s protocols. 
RNA concentration and integrity were measured by using 
a Picodrop 1000 Spectrophotometer (Thermo Scientific, 
USA). The sequence of target gene was designed using 
Gene-Runner Software (Ver. 3.05) (Table 1). To synthesize 
cDNA, reverse transcription was carried out by cDNA 
Synthesis Kit (TaKaRa). Real-time PCR assay was 
conducted by cocktail of cDNA sample (1 µL), SYBR 

Table 1. Primer list

Gene Sequence Ref

miRNA-146a
Forward: CGTGCTGTGACCTATGCTG
Universal Reverse: CCAGTGCAGGGTCCGAGGTA
Stem loop: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTCCCT

18

miRNA-155
Forward: CGGCGCTTAATGCTAATCGTGATAG
Universal Reverse: GTGCAGGGTCCGAGGT
Stem loop: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCCCT

18

U6-6p
Forward: GCTTCGGCAGCACATATACTAAAAT
Reverse: CGCTTCACGAATTTGCGTGTCAT
Stem loop: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAAATAT

18
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Green master mix (5 µL; TaKaRa), DEPC water (3.7 µL) 
and primers (0.3 µL) on a Rotor-Gene 6000 instrument 
(Corbett, Australia). The amount of PCR products was 
normalized to housekeeping U6. The 2-ΔΔCt method was 
used to calculate relative-quantitative expression of 
miRNA. 

Statistical analysis
The analysis was done using GraphPad software (version 
Prism 8). We checked the data distribution normality 
using the Kolmogorov–Smirnov test. All quantitative data 
were presented as mean ± SD and analyzed using Student t 
test. Statistical significance was considered at P < 0.05. 

Results
Asthma promoted pathological changes in pulmonary 
and cardiac tissues
Histological examination revealed the promotion of 
pathological changes in pulmonary tissue after induction 
of asthma. According to our data, asthma promoted 
immune cell recruitment and occurrence of interstitial 
bronchopneumonia (Figure 1). Immune cells were 
infiltrated into the alveolar sacs and space between 
the alveoli, leading to thickening of alveolar walls. The 
lymphoid tissue in the proximity of bronchioles (termed 
BALT) underwent hyperplasia. Different sites of lungs 
showed atelectasis and emphysema. The bronchioles 
epithelium was detached and shed into the airway conduit 
(Figure 1).   

Bright-field imaging revealed an existence of 
inflammatory response and cytotoxicity in cardiac tissue 

(Figure 1). Data showed the occurrence of necrotic 
changes and focal hyperemia in cardiac tissue in asthmatic 
rats. These data showed that the promotion of asthmatic 
changes contribute to the occurrence of inflammatory 
response in the cardiac tissue.  

Asthma increased serum levels of cardiac enzymes 
For evaluating the effect of asthmatic condition to the 
myocardium, the serum levels of cardiac enzymes were 
measured in asthmatic group and compared to the control 
rats (Figure 2). According to our data, asthmatic condition 
could damage the myocardium indicated by elevated levels 
of enzymes CpK-MB, ALT, and AST. These data showed 
that the asthmatic condition could alter serum levels of 
enzymes such as CpK-MB, ALT, and AST. 

Asthma induced the expression of miRNA-146a and -155 
Real-time PCR assay revealed the induction of both 
miRNA-146a and -155 in cardiac tissues compared to the 
control samples. Based on the data, the transcription of 
miRNA-146a (2-fold) and -155 (1.5-fold) was increased 
after the completion of asthma in cardiac tissue, showing 
that asthma could directly change the level of distinct 
miRNA in cardiac tissue (Figure 3).     

Discussion
More than a decade, studies have suggested that 
different dysfunctional conditions, such as asthma, 
lead to CVDs.19-21 The present study was designed to 
determine the effect of asthma on inflammatory status in 
heart tissue of the experimental rat model. To this end, 

Figure 1. Bright field-images from pulmonary tissue sections (×50; H&E). As shown, alveolar hemorrhage, epithelial cell shedding, and goblet 
cell hyperplasia were seen in rats from asthmatic groups, indicating successful induction asthmatic condition (B). Based on our data obtained 
from imaging, asthmatic context leads to the inflammation in the heart tissue and consequently cardiac tissue injury (A).
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32 days OVA injection have recruit of immune cells, 
resulting in thickening of alveolar walls and occurrence 
of interstitial bronchopneumonia. This period of OVA 
injections revealed significant pathological changes in 
pulmonary tissue, validating successful induction of 
asthmatic changes. Some evidences have shown that 
myocardium involvement is more common in asthma 
patients comparing the healthy persons.22 In this respect, 
based on our results, bright-field imaging discovered an 
inflammatory response and cytotoxicity in cardiac tissue. 
Our data demonstrated that the necrotic changes and 
focal hyperemia was seen in cardiac tissue of asthmatic 
rats, indicating the promotion of asthmatic modifications 
contribute to the inflammatory response of the cardiac 
tissue. There is a large body of evidence indicating CpK-
MB, ALT, and AST overproduction in CVDs patients.23  
Along these, based on our results, we decided that levels of 
CpK-MB, ALT, and AST drastically have increased in sera 
of asthmatic rats comparing with normal subjects. Our 
data must have revealed the induction of cardiac injury in 
asthmatic myocardium.

Inflammation process is the one of hallmarks of asthma 
pathogenesis, resulting to asthmatic complications.2 

Another important finding was that miRNA-146a 
and -155 levels in lung tissues increased as a result of 
asthmatic condition, indicating inflammation response 
has been launched against asthmatic status.24 These data 
demonstrated that conditions such as asthma induces 
inflammation process by increasing inflammatory 
MicroRNAs.25 In authorize of this claim, it was 
demonstrated that CVDs is a common comorbidity of 
pulmonary disease and is possibly related to increased 
systemic inflammation and worse prognosis.26,27 Moreover, 
Sobko et al showed a relationship between asthma and 
heart dysfunction.28 Thus, it could be concluded that 
asthmatic condition induces systemic inflammation in 
many tissues including heart contexts. On a more general 
note, we propose that therapeutically approaches directed 
to inflammatory pathway may be required to preserve 
cardiac injuries caused of asthma. There is a scarcity of 
studies on the involved mechanisms of cardiac dysfunction 
in asthmatic patients and so, their relationship with 
asthma and CVDs is not clear yet. Therefore, more work 
is required for clarifying underlined mechanism of cardiac 
insufficiency in asthmatic status.
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Figure 3. Real-time PCR analysis. Based on our data, the levels of 
miRNA-146a and -155 were increased after induction of asthma in 
cardiac tissue, showing that asthma directly changes the level of 
inflammatory miRNAs in cardiac tissue (*P <0.05; *** P <0.001).

Figure 2. Evaluating the serum levels of cardiac enzymes. As shown, 
the serum levels of CpK-MB, ALT, and AST were significantly higher 
in the serum of asthmatic group compared to control group (P 
<0.05). *** P <0.001; **** P <0.0001.

What is current knowledge? 
•	 Asthmatic condition can promote the injury of 

cardiac tissue.

What is new here?
•	 Changes in transcription of certain miRNAs lead 

to cardiac tissue injury during asthmatic changes

Study Highlights
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