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A b s t r a c t

Introduction: Myrcene, a terpene found in essential oils sourced from plants, 
is known to elicit various biological effects such as antioxidant, anti-inflam-
matory, hypoglycaemic, and hepatoprotective activities. However, reports 
on the protective effect of myrcene against heart failure are still not clear. 
Hence, in the present study, the experimental model of heart failure was 
induced using isoproterenol in rats. 
Material and methods: Wistar male rats were divided into four groups: 
group I – Control; group II – ISO-induced heart failure; group III – Myrcene 
pre-treated (1.0 mg/kg/day and ISO); and group IV – Myrcene drug control 
for the experimental period of 4 weeks. At the end of the treatment, infarct 
size, cardiac markers, cell stress enzymes such as creatinine kinase, lac-
tate dehydrogenase, inflammatory markers, matrix proteins, and microRNA 
signatures were elucidated using RT-PCR, ELISA, and immunohistochemistry 
analysis. 
Results: Rats with induced heart failure demonstrated abnormality in cardi-
ac functions and marker gene expressions, while myrcene pre-treated rats 
prevented cardiac failure significantly (p < 0.001) with restoration of cellular 
functions. Also, myrcene pre-treatment abrogated the inflammatory signals 
with restored matrix proteins. Furthermore, the microRNA of matrix signal-
ling pathways were also found to be prominently reduced compared to heart 
failure rats. 
Conclusions: Myrcene protected hearts from ISO-induced failure in rats and 
provided a cardioprotective effect via restoring the matrix signalling, anti-in-
flammatory, and antioxidant effect, which suggests a possible drug candida-
ture for the treatment of cardiac failure.

Key words: cardioprotective, isoproterenol, myocardial infarction, 
oxidative stress, myrcene.

Introduction

In the industrialised world, more and more people are aged above  
60 years, and hence more funds are needed for their healthcare, which is 
primarily affected by chronic diseases. In a way, modernised medical care 
facilities are improving the life of the average person. Nonetheless, aging 
and the associated chronic diseases reduce the productive life of the 
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people. This is a critical feature of health because 
these are causes of earlier mortality and can be 
prevented by lifestyle measures and medicines. 
Hence, chronic noncommunicable diseases are 
gaining importance, and heart failure being the 
leading cause of morbidity in the aged is a prime 
concern for all health departments of the world.

Heart failure may be defined as the rapid on-
set of clinical symptoms that are presented due 
to abnormal systolic and diastolic function of the 
heart [1, 2]. Possible features of heart failure and 
the reasons include reduced cardiac output, tissue 
hypoperfusion, an increase in pulmonary artery 
occlusion pressure, and congestion in the cardiac 
tissues [3]. Patients who suffer from acute heart 
failure may not have a history of cardiac dysfunc-
tion, and acute failure is associated with intense 
discomfort in the chest and high mortality. Urgent 
treatment in cases of acute cardiac failure is im-
portant [4].

Risk factors of cardiac failure include changes 
that are structurally and functionally affected by 
endothelial inflammation, which ultimately lead 
to atrophy of the cardiac muscles and increased 
cardiomyocyte stiffness. Inflammatory cytokines 
and biomarkers produced as a part of cardiac fail-
ure have been used for diagnosis of heart failure 
[5]. Aging-related complications include remodel-
ling of the atrium, fibrosis of the cardiac muscles, 
and vascular inflammation. Increased oxidative 
damage in aging promotes proinflammatory cy-
tokines and chemokines released from the car-
diomyocytes and recruits macrophages. Matrix 
metalloproteinases that are produced by the mac-
rophages favour the degradation of extracellular 
matrix components and increase these proteins’ 
turnover [6–8].

Patients with heart failure express specific gly-
coproteins at transient levels and deposit collagen 
in the damaged myocardial tissues [9]. Because 
endothelial inflammation is an important event 
in the pathogenesis of cardiac failure, new treat-
ments must include bioactive compounds that are 
immunomodulatory [10]. Myrcene is a naturally 
occurring hydrocarbon that is found in lemon-
grass, hops, and cannabis. It is volatile and is used 
in the perfume industry. It has anti-inflammatory 
[11], anti-bacterial, and analgesic properties [12] 
that are widely used in traditional medicines [13]. 

The present study aimed at the anti-inflamma-
tory property of myrcene in alleviating the compli-
cations of heart failure. In the process of achieving 
it, rats were used and cardiac failure was induced 
using ISO and then treated with myrcene to re-
duce the effects of heart failure and related cardi-
ac markers, expression of inflammatory cytokines, 
and other matrix components of the heart. Hence, 
we propose myrcene as a probable drug candidate 

in the treatment of heart failure primarily through 
the reduction of inflammation.

Material and methods

Experimental model of heart failure 

For the present study, male Wistar rats (120 
±10 g) were used. All animals were kept in cages 
in a temperature-controlled room with a 12-hour 
light-dark cycle with temperature and humidity 
maintained at 25 ±2°C and 55 ±5%, respective-
ly. Rats received free access to regular standard 
rat chow and RO water. The animal experimen-
tal protocol was followed after obtaining prior 
permission from the Institutional Animal Ethical 
Committee, and the experiments were carried 
out strictly in accordance with the institutional 
guidelines and suggestions of the ethical com-
mittee. For the experimentation, eight animals 
per group were divided randomly and allocated to 
four groups as follows: Group 1 as a vehicle-con-
trol group; group 2 as an ISO-induced group  
(120 mg isoproterenol per kg body weight of 
the animal was administered intraperitoneally);  
group 3 rats received myrcene (20 mg/kg, orally) 
administration, which was started a week before; 
group 4 rats were given myrcene alone as drug 
controls. The rats were maintained for 8 weeks. At 
the end of the experimental period, the animals 
were assessed for the echocardiographic measures 
as described earlier [14]. The animals were then 
killed, the heart tissue was dissected, the heart 
weight to body weight ratio was calculated, and a 
portion of heart tissue was used for histopatholog-
ical analysis and collagen accumulation [15].  

Cardiac markers and cytokine analysis 

The onset of heart failure was elucidated using 
the levels of markers such as CK, LDH, and troponin I.  
Also, levels of anti-inflammatory and pro-inflam-
matory markers such as interleukin (IL)-6, IL-4,  
tumor necrosis factor α (TNF-α), interferon γ 
(IFN-γ), IL-1β, and IL-10 were elucidated by ELISA 
measurements using commercial assay kits as per 
the manufacturer’s instruction.

Reverse transcription-polymerase chain 
reaction (RT-PCR)

To evaluate the expression of microRNA in the 
present study, quantitative RT-PCR was performed 
with miR-specific primers. RNA was isolated from 
the heart tissues using TRIzol reagent and quan-
tified. For quantitative detection of miR-21, miR-
208a, miR-29, miR-19b, and miR-133, TaqMan 
MicroRNA Reverse Transcription Kit, TaqMan miR 
specific assays, and snoRNA assays were used ac-
cording to the manufacturer’s instructions. SnoR-
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NA was used as a housekeeping control for nor-
malisation.  

To further elucidate the mRNA expression of 
fibrotic markers, a known amount of RNA sam-
ple was transcribed to cDNA, and the real-time 
PCR was done for specific genes using SYBR® 
Green/ROX master mix (Thermo Fisher Scientific, 
Waltham, MA). The gene-specific primers used in 
the study are listed in the Table I. The obtained 
Ct values were used for the calculation of gene 
expressions by the comparative Ct method (ΔΔCt) 
using GAPDH as the housekeeping gene. 

Immunohistochemical analysis 

Briefly, 5 µm paraffin sections of the heart tis-
sues were rehydrated, and the antigen was re-
trieved using citrate buffer (pH 6.0). Later, the non-
specific binding in the tissue sections was blocked 
using 3% BSA in PBS. Then the antigen-antibody 
reactions were carried out on the tissue sections 
by incubating with iNOS- and TGF-β-specific pri-
mary polyclonal antibody (1 : 200) diluted in 1% 
skimmed milk powder in PBS for 1.5 h at room 
temperature, washed with PBST, and then incu-
bated with corresponding HRP-labelled secondary 
antibodies for 1 h at room temperature. Then the 
antigen expression was visualised using DAB per-

oxidase activity, counterstained with haematoxy-
lin, and mounted using DPX. 

Statistical analysis

Statistical significance was evaluated with  
a one-way analysis of variance (ANOVA) and Stu-
dent’s t-test. Data were expressed as the mean ± 
SEM. Graph Pad Prism version 5.0 was used for 
the analyses. Differences with a p-value of less 
than 0.05 were considered statistically significant.

Results

The present study aimed at evaluating the car-
dioprotective mechanism of myrcene by which the 
rescue signalling was activated in an experimental 
model of heart failure and the results presented 
below. Figure 1 shows significant (p < 0.01) in-
creases in the HW/BW ratio, levels of creatinine 
kinase (CK), lactate dyhydrogenase (LDH), troponin 
I, and modulated echocardiographic parameters in 
ISO-induced rats compared to controls, while rats 
pre-treated with myrcene displayed restored cardi-
ac functions with decreased levels of CK, LDH, and 
troponin I compared to ISO-induced rats (Figure 1).

Figure 2 represents the histopathological anal-
ysis and Masson’s trichrome staining performed 
in the heart tissue sections of control and ex-

Table I. List of primers used in our study

Gene Primer Sequence Annealing

MMP-2 F CCGTTATGAGACCCTGAGCC 59

R CAGACCAATCGTGCCTCCAT

MMP-9 F GATCCCCAGAGCGTTACTCG 58

R GTTGTGGAAACTCACACGCC

TGF-β F AGGGCTACCATGCCAACTTC 57

R CCACGTAGTAGACGATGGGC

PAI-1 F GTGGTTCGGCACAATCCAAC 57

R AAGATTTACCAGTGCCGGGG

α-SMA F ACCATCGGGAATGAACGCTT 58

R CTGTCAGCAATGCCTGGGTA

Fibronectin F TAGAGGCAGGCTAGTGTGGA 59

R GAAGCCAAAGATGACCTGTGA

CTGF F CTTCCCGAGAAGGGTCAAGC 58

R GGCTCGCATCATAGTTGGGT

Col3a1 F TGCAATGTGGGACCTGGTTT 57

R GGGCAGTCTAGTGGCTCATC

GAPDH F AGTGCCAGCCTCGTCTCATA 59

R TTCTCAGCCTTGACTGTGCC
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Figure 1. A–F represents the HW/BW ratio, levels of CK, LDH, and echo cardiac parameters in the control and ex-
perimental groups of rats. CK activity is expressed as µmol of phosphorus liberated/mg of protein/h. LDH activity 
is expressed as µmol of pyruvate liberated/mg of protein/h

Values are expressed as mean ± SE (n = 12). Statistical significance expressed as *p < 0.05, **p < 0.01 compared to vehicle-
treated controls, $p < 0.05 ISO + myrcene compared to ISO-induced rats.
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perimental animals. Animals induced with ISO 
showed increased fibrosis (2.5-fold, p < 0.01), as 
shown by increased blue staining in the heart tis-
sue sections of the ISO group. In addition, H & E 
staining also revealed the damaged tissue fibrils 
in ISO animals, whereas treatment with myrcene 
resulted in a marked reduction of collagen depo-
sition in the heart tissues. While no significant 
changes were observed in the myrcene-only group 
compared to controls (Figure 2). 

Furthermore, the cytokine levels were estimated 
in controls, and the levels in experimental rats are 
presented in Figure 3. The results show that the in-
creased levels of cytokines such as IL-6 (p < 0.01), 
IL-4 (p < 0.05), (p < 0.05) TNF-α (p < 0.01), IFN-γ  
(p < 0.01), and IL-1β (p < 0.05) with reduced IL-10 
levels were found in ISO rats compared to controls. 
These inflammatory cytokines were diminished in 
the myrcene pre-treatment with improved IL-10 levels  
(p < 0.01), showing that the protective role of myrcene 
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Figure 2. A–C represents the histopathological 
analysis and Masson’s trichrome staining in the 
control and experimental group of rats (1 – Con-
trol; 2 – ISO; 3 – ISO + myrcene; 4 – Myrcene). The 
amount of collagen deposition was compared be-
tween groups and expressed in percentage

Values are expressed as mean ± SE (n = 12). Statistical 
significance is expressed as **p < 0.01 compared 
to vehicle-treated controls, $p < 0.05 ISO + myrcene 
compared to ISO-induced rats.

is through blocking aggravation of the inflammatory 
signalling in the cardiac tissues (Figure 3).

To substantiate the role of myrcene on the 
modulation of fibrotic markers, RT-PCR was car-
ried out, and the results are presented in Figure 4.  
Rats suffering from heart failure demonstrated 
a significant increase in fibrotic markers such as 
MMP-2 (3.5-fold), MMP-9 (3-fold), TGF-β (3.2-
fold), PAI-1 (2.7-fold), α-smooth muscle action 
(4.2-fold), fibronectin (2.1-fold), CTGF (2.5-fold), 
and collagen-1 (3.2-fold) mRNA compared to con-
trols. However, the increased levels of these genes 
were seen to be normalised in myrcene treatment, 
suggesting that the drug exerts an anti-fibrotic ef-
fect in the tissue (Figure 4).  

The role of myrcene in the cardioprotective role 
via microRNAs was evaluated using PCR. Figure 5  
shows the expression level of these microRNA, 
and the results demonstrated the increased level 
of miR-21 (2.2.-fold) and miR-208a (3.1-fold) with 
reduced levels of anti-fibrotic miR-29, miR-19b, 
and miR-133 in ISO-induced rats. While the levels 
of these miRs were restored (p < 0.01) in myrcene, 
pre-treatment suggests that the interplay of mi-

croRNAs is one of the clues in the aggravation of 
heart failure (Figure 5). 

Figure 6 shows the immunohistochemical 
(IHC) analysis in the heart tissues of control and 
myrcene-treated rats. In order to show the tissue 
level expression of the inflammatory mediator 
and fibrotic marker, the IHC analysis of iNOS and 
TGF-β expression were elucidated in the hearts 
of experimental rats. The results demonstrate 
an increase (p < 0.05) in chemical reactivity for 
the iNOS and TGF-β proteins in ISO-induced rats, 
while the levels of these proteins were attenuat-
ed in myrcene-pre-treated rats compared to the 
heart-failure rats. No significant changes in the 
expression of these proteins were detected in the 
heart tissue of drug control animals (Figure 6).

Discussion

In response to acute myocardial injury, the 
heart undergoes hypertrophy as a compensatory 
response, and such responses were also observed 
when ISO was used to induce cardiac hypertrophy 
[16]. In the present study, the abnormalities in the 
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Figure 3. A–F represents the cytokines levels in the control and experimental group of rats. The detail of the exper-
iment is given in the methodology section

Values are expressed as mean ± SE (n = 12). Statistical significance expressed as *p < 0.05, **p < 0.01, ***p < 0.001 compared to 
vehicle-treated controls, $p < 0.05, $$p < 0.01 ISO + myrcene compared to ISO-induced rats.

IL
-4

 [p
g/

m
l]

IL
-1
β 

[p
g/

m
l]

IL
-6

 [p
g/

m
l]

IF
N

-γ
 [p

g/
m

l]

TN
F-
α

 [p
g/

m
l]

IL
-1

0 
[p

g/
m

l]

140

120

100

80

60

40

20

0

140

120

100

80

60

40

20

0

180

160

140

120

100

80

60

40

20

0

120

100

80

60

40

20

0

90

80

70

60

50

40

30

20

10

0

20

18

16

14

12

10

8

6

4

2

0

 Control ISO ISO + myrcene Myrcene

 Control ISO ISO + myrcene Myrcene

 Control ISO ISO + myrcene Myrcene

 Control ISO ISO + myrcene Myrcene

 Control ISO ISO + myrcene Myrcene  Control ISO ISO + myrcene Myrcene

A

C

B

D

E F

normal functioning of the heart, with its normal 
parameters disturbed and an increase in the ex-
pression of cardiac failure markers in the course 
of the malfunctioning of the heart, was demon-
strated. Therefore, the present study was aimed 
at the potential therapeutic effects of myrcene in 
exerting its cardioprotection against ISO-induced 
cardiac hypertrophy in rats.

Isoproterenol induces heart failure by inhibiting 
systolic and diastolic function and causes myocar-
dial infarction, which then leads to myocardial 

ischaemia, necrosis, and cardiac fibrosis [17]. The 
myocardial infarction inducing property of ISO is 
similar to myocardial infarction in humans and 
hence is used in animal models to study the car-
dioprotective properties of biomolecules; in our 
case, it was myrcene [18]. The present study elu-
cidated the cardioprotective property of myrcene, 
in particular, protecting the myocardial functions 
and structure by modulating the inflammatory en-
zymes and the cardiac marker expression in the 
ISO-induced heart-failure animal model.
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Figure 4. A–H represents qRT-PCR mRNA expression analysis of marker genes in the control and experimental 
groups of rats. The fold increase of gene expression is compared with the housekeeping gene GAPDH. The detail of 
the experiment is given in the methodology section

Values are expressed as mean ± SE (n = 12). Statistical significance is expressed as *p < 0.05, **p < 0.01, ***p < 0.001 compared 
to vehicle-treated controls, $p < 0.05 ISO + myrcene compared to ISO-induced rats.
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Figure 5. A–E represents expression analysis of 
microRNA such as miR-21, miR-208a, miR-29, miR-
19b, and miR-133 in the control and experimental 
groups of rats. The detail of the experiment is given 
in the methodology section

Values are expressed as mean ± S.E (n = 12). Statistical 
significance expressed as *p < 0.05, **p < 0.01 compared 
to vehicle-treated controls, $p < 0.05 ISO + myrcene 
compared to ISO-induced rats.

The Hw/Bw ratio is an indicator of cardiac hy-
pertrophy [19], and it is due to the action of ISO 
that has significantly increased the heart rate [20] 
rather than the sham group for all weight levels. 
The increase in the Hw/Bw ratio was lessened 
when the rat groups were treated with myrcene, 
indicating that the effect of our candidate mole-
cule on the cardiac muscles was significant. The 
degree of ventricular hypertrophy was estimated 
using the heart-to-body weight ratio (Hw/Bw) and 
was observed to be high in ISO-treated animals. 
The rise in the Hw/Bw ratio can be attributed to 
the increase in water content, infiltration of the 
inflammatory cells in response to the cardiac inju-
ry, and oedema in the cardio-muscular region [21]. 
This was further confirmed with the histological 
studies wherein inflammatory cell infiltrations, 

cardiac fibrosis, and thickening of the left ventricle 
of the myocardium were observed. 

ISO increases the cardiac output and the heart 
rate in the animals [22, 23], and such increases 
can be curbed with myrcene treatment, which 
acts through the α2-adrenoceptor [24] and par-
tially with its lipid-lowering activity [25], and re-
duces the heart rate and reverses the associated 
symptoms of hypertension and subsequent heart 
failure [26]. 

The levels of creatine kinase MB [27] and lac-
tate dehydrogenase, which are important en-
zymes highly expressed during a heart attack by 
ISO [28] in response to cardiac permeability due to 
inflammation and myofibrillar disintegration [29]  
and are indicators of initial cardiac damage [30], 
were tested in the animals, and it was found 
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Figure 6. A–D represents the immunohistochemi-
cal (IHC) analysis of iNOS and TGF-β in the control 
and experimental groups of rats (1 – Control; 2 – 
ISO; 3 – ISO + myrcene; 4 – Myrcene). The detail of 
the experiment is given in the methodology section

Values are expressed as mean ± SE (n = 12). Statistical 
significance expressed as **p < 0.01 compared to vehicle-
treated controls, $p < 0.05 ISO + myrcene compared to 
ISO-induced rats.

that the ISO-induced group had the highest lev-
els whereas the myrcene-treated animals, which 
were earlier induced with ISO, had reduced ex-
pression levels, which may be due to its influence 
on the adrenoreceptor [24] that is responsible for 
the increased creatine kinase levels [31].

We observed abnormalities in the systolic-di-
astolic functions of the heart through electrocar-
diograph measurements, and they were used as 
a reference for the induction of myocardial infarc-

tion in ISO-induced animals [32]. They were repre-
sented in the values of LV end-diastolic diameter 
(LEVDd), left ventricular end-systolic diameter, 
and interventricular septal thickness in diastole 
(IVSTd), which showed increases due to cell mem-
brane alterations [33], but which reduced to nor-
mal levels with the treatment of myrcene, which 
inhibited the ISO-induced ST-segment abnormal-
ities, indicating the role played by myrcene in the 
protection of cardiac cell membranes [18].
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Cardiac hypertrophy is associated with in-
creased levels of IL-6 in its signalling pathway [34]. 
IL-6 is highly expressed in ISO-induced cardiac hy-
pertrophy and is similarly recorded in our animals 
induced with ISO. This is the consistent and known 
observation of a close association between inflam-
mation and cardiac hypertrophy in rats. However, 
due to the anti-inflammatory effect of myrcene, 
the levels of IL-6 are reduced, which is a part of 
the protective property when used in higher con-
centration [11, 13]. Similarly, TNF-α is highly ex-
pressed in ISO-induced heart failure animals [35] 
because it a major cytokine that has an effect on 
the contraction of cardiac muscle and contributes 
to myocardial injury [35]. These effects are hall-
marks of cardiac injury in ISO-treated animals and 
an indicator of the infiltration of neutrophils and 
inflammation in the myocardial tissue and necro-
sis [21]. With the infiltration of mast cells, IL-4 se-
cretion is higher in the ISO-induced cells, and they 
promote cardiac fibrosis (with partial participation 
from TGF-β), and an increase in the deposition of 
collagen is seen [36, 37], which impedes the cardi-
ac rhythm [38]. Myrcene, with its anti-inflammato-
ry property, reduces the expression of TNF-α, IL-4, 
and IFN-γ [39] in the treated cells and helps in the 
recovery of myocardial tissues from injury and in-
flammation along with a simultaneous increase in 
the anti-inflammatory cytokine IL-10.

We then diversified our work towards eluci-
dating the markers that are expressed in the ad-
vanced level of heart failure that is involved in 
the turnover of extracellular matrix and fibrosis 
of the cardiac muscles in the increased stiffness 
of the cardiac muscles and the resultant loss of 
myocardial elasticity, which are prime factors in 
the disruption of heart dysfunction [40]. The ex-
pression of these markers indicates the severity of 
the cardiac failure and the extent of extracellular 
matrix (ECM) degradation that it has undergone 
during cardiac remodelling in the course of the 
disease. The integrity of the ECM is governed by 
the complex interplay between matrix metallopro-
teinases and their tissue inhibitors (TIMPs). In the 
ISO-induced model animals, increased expression 
of MMP-2 and MMP-9 was observed. This is in line 
with previously observed results [41–43]. The in-
duction of expression of the extracellular matrix 
genes is controlled by myrcene and thus results 
from the instability of the ECM matrix, which oth-
erwise would result in degradation of the matrix 
protein and huge turnover [12].

As well as the biomarkers due to ECM turn-
over, we also studied the biomarkers that are cir-
culating and are at the miRNA level. Our results 
are consistent with the existing data in which the 
expression of miR-208 [44] and miR-21 are high 
in animals with heart failure, and cardiac fibro-

sis [17] and the trend was reversed in animals 
treated with myrcene, but the levels of expres-
sion of miR-29 [45], miR-133 [46], and miR-19b 
increased, indicating the damaged heart is on the 
path to recovery even at the molecular level, and 
myrcene has effectively mediated it. These circu-
lating markers are easier to detect, and diagnosis 
based on them would give advance information 
on the probable risks, and therapies based on an-
tisense technology would help in designing sus-
tained and potent silencing of miRNA implicated 
in heart failure.

The pathogenesis of resultant injury on the 
cardiac muscles due to ISO would be due to 
the generation of nitric oxide, aided by the in-
creased expression of iNOS in the heart tissues 
and in the activation of signalling by TGF-β to-
wards pro-fibrosis and are important and nec-
essary for the induction of the cardiac fibroblast 
towards fibrosis. Control of the injury through 
the reduction of iNOS and TGF-β expression is 
aided by myrcene [12, 13], which increases the 
cardioprotection.

In conclusion, we present our results together 
to demonstrate and support that myrcene sup-
presses MMP-2 and MMP-9 expression and reg-
ulates the expression of iNOS, TGF-β, and miRNA, 
which are profibrotic. It also decreases the ECM 
turnover in the pathology of cardiac failure in a 
rat model. The present study highlights the use 
of myrcene in the treatment of cardiac failure by 
utilising its anti-inflammatory properties, and may 
support future therapies for cardiac failure.
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