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Background: Lavender is a traditional therapy for different heart symptoms including
palpitation, which comprises an important symptom of cardiac arrhythmias. This
experiment was designed to evaluate the antiarrhythmic effects of linalool using an
experimental model of arrhythmia following myocardial infarction in rats. The underlying
electrophysiological mechanism through cardiac connexin 43 (Cx43) expression was
also investigated.

Methods: Fifty male Sprague-Dawley rats were divided into five equal groups. The first
group was considered as the normal control group; MI was induced by ligation of the left
anterior descending artery (LAD) in the second group. The other three groups received
metoprolol (100 mg/kg/day) or linalool (50 or 100 mg/kg/day) for seven days before LAD
ligation. The arrhythmia score, isolated myocyte resting potential, histological changes,
and cardiac Cx43 expression levels were evaluated.

Results: In the MI group, there was a significant increase in the arrhythmia score but a
marked decrease in resting membrane potential relative to the control; these changes
were prevented by the administration of metoprolol or linalool. The histological changes
were also minimized in the groups treated with these substances compared to the
untreated MI group. The western blot and real-time PCR results showed that the protein
expression of Cx43 in the infarct zone of the rat hearts was significantly higher in the MI
groups receiving metoprolol or linalool compared with the untreated MI group.

Conclusion: Linalool was shown to be able to dose-dependently decrease the incidence
of arrhythmias in a rat model of myocardial infarction. We propose that the key mechanism
behind this antiarrhythmic effect is probably the prevention of decreased Cx43 expression
following MI.
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INTRODUCTION

Linalool is a naturally occurring monoterpene that comprises a
key constituent of various aromatic plant essential oils (Kolouri
et al., 2016), including that of the Lavandula angustifolia Mill.,
which is commonly known as the lavender (Caputo et al., 2018).
This plant is traditionally named “Ostokhodus” in Persian
medicine (Nasiri Lari et al., 2020), where it has been utilized as
a natural remedy for various heart symptoms, including
palpitation (Ershadifar et al., 2014). The lavender is presented
as a medicinal plant for cardiac conditions in Avicenna’s Treatise
on Cardiac Drugs (Faridi and Zarshenas, 2010; Mosavat
et al., 2015).

Numerous studies have evaluated the effects of both lavender
essential oil and its key constituent, linalool, on the cardiovascular
system (Anjos et al., 2013). Linalool offers an antihypertensive
effect according to the experimental models of hypertension
(Anjos et al., 2013; Camargo et al., 2016). This substance is
reported to induce vasorelaxation through the activation of
guanylyl cyclase and K+ channels. Clinical studies also support
the antihypertensive effects of lavender aromatherapy (Hwang,
2006; Gultom et al., 2016). Both linalool and lavender essential oil/
extract have exerted cardioprotective effects in experimental
models of myocardial ischemia and reperfusion injury (Wang
et al., 2014; Ziaee et al., 2015; Zheng et al., 2017). The activation of
Akt and the inhibition of GSK3b through the up-regulation of
VEGF-B mRNA are suggested as potential pathways for linalool’s
cardioprotective effects (Zheng et al., 2017).

Gap junctions between myocytes fulfill a significant role in
cardiac electric conduction and synchronicity (Kang et al., 2008).
These gap junctions are composed of two connexins rooted in the
membranes of the connecting myocytes. Connexin 43 (Cx43)
comprises the major gap junction protein in the heart ventricles
(Dodge et al., 1998; Boengler and Schulz, 2017). A decrease in
Cx43 expression leads to arrhythmias secondary to disordered
cardiac electric conductivity. Experimental studies have elucidated
an association between the cardiac Cx43 level and ischemic
arrhythmias (Oyamada et al., 2001).

Despite the fact that several studies have evaluated the
cardiovascular effects of linalool, the traditional claim about
the substance’s effect on palpitations is yet to be scrutinized.
The purpose of our study was to examine the antiarrhythmic
effects of linalool using an experimental model of arrhythmias
following myocardial infarction (MI) in rats. Furthermore, the
underlying electrophysiological mechanism related to cardiac
Cx43 expression was also investigated.
METHODS

Animals
Fifty male Sprague-Dawley rats weighing 200–250 g were housed
under a temperature of 23 ± 2°C and 60 ± 5% humidity with a
twelve-hour light/dark cycle. Food and water were available ad
libitum. Animal housing and the experimental procedures were
compatible with the Guidelines for Ethical Conduct in the Care
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and Use of Animals. All procedures and experimental
protocols were approved by the Animal Ethics Committee of
Shandong University.

The rats were divided into five equal groups of ten. The first
group was considered as the normal control group; MI was
induced by ligation of the left anterior descending artery (LAD)
in the second group. The other three groups received metoprolol
(100 mg/kg/day) or linalool (50 or 100 mg/kg/day) for seven days
ahead of LAD ligation. Linalool was purchased from Kanto
Kagaku Co. Ltd (Tokyo, Japan),

Myocardial Infarction (MI) Induction
As mentioned, MI was induced via LAD ligation (Sedighi et al.,
2018). In brief, after achieving general anesthesia using sodium
thiopental (60 mg/kg body weight, intraperitoneal), the animals
underwent tracheal intubation and were ventilated with a tidal
volume of 1.5 cc/kg at a rate of 60–70 breaths/min. Then, an
incision was made in the left fourth intercostal space of the chest.
The pericardium was slowly torn, and a 0.6 silk thread was
carefully passed around the LAD and fastened. After 30 min of
ischemia, the LAD suture was removed and reperfusion of the
ischemic myocardium was allowed for 120 min. The control
group underwent an identical procedure but without the actual
tying of the suture.

ECG Recording and Arrhythmia Scoring
In the rats, the electrocardiogram of limb lead II was recorded,
with the arrhythmias being assessed as described in a previous
study (Wang et al., 2011). The scores presented in Table 1 were
used to quantify the incidence and duration of arrhythmias. In
each group, the mean frequency and duration of ventricular
arrhythmias and the mean RR interval were analyzed by the
Kubios HRV electrocardiogram analysis software.

Isolation of Myocytes
The myocytes were separated from the rat hearts following a
method described in a related study (Yang et al., 2008). In brief,
the rats were sacrificed after seven days of treatment, MI
induction, and ECG recording. The rat hearts were removed
for retrograde perfusion via the coronary circulation. The Krebs-
Ringer solution (pH 7.4, 95% O2) was used for perfusion with a
flow rate of 13 ml/min under heart temperature (37°C). The peri-
ischemic cardiac tissue was minced in the storage solution, before
the isolated myocytes were centrifuged for electrophysiological
TABLE 1 | Scoring system used to grade the arrhythmias of the rats.

Score Definition

0 No arrhythmia
1 <10 s PVC and/or VT
2 11–30 s PVC and/or VT
3 31–90 s PVC and/or VT
4 91–180 s PVC and/or VT, <10 s reversible VF
5 > 180 s PVC and/or VT, >10 s reversible VF
6 Irreversible VF
VF, Ventricular fibrillation; VT, ventricular tachycardia; PVC, premature ventricular
contraction.
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recording. The whole-cell patch-clamp method was employed
for the electrophysiological recording (Kornreich, 2007).
Assessment of the Pathologic Changes
Three rats from each group were used for the pathologic study. A
transjugular injection of 2,3,5-triphenyltetrazolium chloride was
made to allow better visualization of the infarct area. Full-
thickness sections from the myocardium were obtained for
pathologic studies. Formalin (10%) was used for fixation with
routine laboratory sample processing.
Cardiac Cx43 Western Blotting and Real-
Time PCR
At the end of the perfusion experiments, the ventricular tissue of
the hearts was isolated and frozen immediately. On the day of
preparing the ventricular sarcolemma, the stored ventricles were
homogenized with an ultrasound homogenizer in a hypotonic
membrane buffer containing 1 mM of 1,10-phenanthroline, 1 mM
of iodoacetamide, 1 mM of pepstatin A, and 0.4 mM of
phenylmethylsulfonyl fluoride (PMSF) (Sonics & Material Inc.,
Jencons Ltd., Germany). The western blot technique was
performed according to the method described in another study
(Yuan et al., 2011). The prepared samples were incubated with the
primary antibodies (Cx43 polyclonal antibody; 1:1000 dilution,
LSBio, USA) and glyceraldehude-3-phosphatedehydrogenase
(GAPDH; 1:2000, LSBio) at 4°C for 12 h. Horseradish
peroxidase-conjugated immunoglobulin IgG (1:1500, LSBio) was
applied as the second antibody for 1 h at room temperature. The
ECL kit (LSBio) was used for visualization of the blots, with signal
analysis being performed using the ChemiDoc Imaging System
(Bio-Rad, USA).

The real-time PCR assay of Cx43 was performed as described
in a related study (Zhang et al., 2014). The RNA was extracted
from the cardiac tissue using the reagents and transcribed to
complementary DNA. The real-time PCR reaction solution
consisted of forward and reverse primers for the final reaction
as well as complementary DNA. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a negative control to test
for genomic DNA. Specific primers for Cx43 and GAPDH were
designed using primer BLAST. The nucleotide sequences of the
primer pair selected for GAPDH were 5′-TGGCAAAGT
GGACATCGTTG-3′ (forward) and 5′ TGGCGTGGACAGT
GGTCATAAGTC-3′ (reverse), with an expected amplified
product of 467 base pairs. The nucleotide sequences of the
primer pair selected for Cx43 were 5′-TCGTGTCGTT
GGTGTCTCTTG-3′ (forward) and 5′-GAGGAGCAGCCA
TTGAAATAAGC-3′ (reverse).

Statistical Analysis
The data were analyzed by SPSS 25.0 (IBM Inc., USA). The
results were expressed as mean values ± standard deviation. The
one-way analysis of variance (ANOVA) test was used for
the comparison of outcomes among groups. The Bonferroni
test was employed for adjusting the multiple comparisons test to
prevent data from incorrectly appearing to be statistically
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significant. P values of less than 0.05 were considered as
statistically significant. The relevant plots were created with
Graph Pad Prism 8 (Graph Pad Software Inc., USA).
RESULTS

Arrhythmia Score
No arrhythmias were recorded in the control group, leading to a
score of zero. Different types of arrhythmias were recorded in
the MI group, which achieved a score of 4.90 ± 0.74 (p < 0.01
compared with control). As depicted in Figure 1, the arrhythmia
scores were significantly lower in the MI groups treated with 100
mg/kg/day of metoprolol (1.70 ± 0.67; p < 0.01), 50 mg/kg/day of
linalool (1.90 ± 0.74; p < 0.01) or 100 mg/kg/day of linalool
(1.60 ± 0.52; p < 0.01) relative to the untreated MI group. As
demonstrated in Figure 2, there was a significantly longer RR
interval and significantly lower mean frequency and duration of
ventricular arrhythmias in the groups treated with linalool or
metoprolol compared with the untreated MI group (p < 0.01).
There was no significant difference among the treated groups in
the Bonferroni corrected multiple comparison test (p = 1.00).
Resting Membrane Potential
The cardiac myocytes’ resting membrane potential was
significantly depolarized from −74.80 ± 1.03 mV in the control
group to −65.80 ± 1.32 mV in the MI group (p < 0.01). This
depolarization was markedly prevented by 100 mg/kg/day of
metoprolol (−71.60 ± 0.70 mV; p < 0.01), 50 mg/kg/day of
linalool (−69.30 ± 1.64; p < 0.01), or 100 mg/kg/day of linalool
(−72.20 ± 1.03; p < 0.01) when compared against the untreated
MI group (Figure 3).
Histology
In the rats with MI, the anterior region of the heart showed
extensive cell edema and myofilament disarray and loss.
However, this pathologic change was significantly less in the
hearts of the rats in the metoprolol and linalool treatment groups
(Figure 4).
Western Blot
The level of Cx43 protein expression was evaluated via the
western blot technique, which revealed significantly less Cx43
expression in the infarcted zone of the MI group (0.68 ± 0.16;
p < 0.01) compared against the normal control (1.97 ± 0.13). This
decrease was considerably prevented using 100 mg/kg/day of
metoprolol (1.77 ± 0.17; p < 0.01), 50 mg/kg/day of linalool
(1.65 ± 0.12; p < 0.01), or 100 mg/kg/day linalool (1.80 ± 0.12;
p < 0.01) relative to the untreated MI group (Figure 5).

Real-Time PCR Analysis
The expression of Cx43 mRNA was evaluated by real-time PCR
analysis. According to the results, there was a significantly lower rate
of Cx43 mRNA expression in the infarct zone of the MI group (0.15
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± 0.10; p < 0.01) compared with the control group (0.58 ± 0.10).
This decrease was significantly deterred by 100 mg/kg/day of
metoprolol (0.53 ± 0.12; p < 0.01), 50 mg/kg/day of linalool (0.47
± 0.11; p < 0.01), or 100 mg/kg/day of linalool (0.51 ± 0.11; p < 0.01)
when compared against the untreated MI group (Figure 6).

DISCUSSION

This study revealed that like metoprolol, linalool can exert
antiarrhythmic effects in a dose-dependent manner in a rat
Frontiers in Pharmacology | www.frontiersin.org 4
model of MI. This effect was related to the prevention of a
decrease in Cx43 expression in the infarcted zone.

It is previously demonstrated that experimental myocardial
ischemia in rats induces different types of rhythm disturbances
including ventricular fibrillation (VF), ventricular tachycardia
(VT), and premature ventricular contraction (PVC) (Tribulova
et al., 2008). These arrhythmias are attributed to delayed after
depolarizations in surviving Purkinje fibers, which cause an
increase in the automaticity of these fibers in the ischemic area
(Scheinman, 2009; Di Diego and Antzelevitch, 2011).
A B C

FIGURE 2 | Effects of linalool on RR intervals, mean frequency and duration of ventricular arrhythmia in the study groups. *p < 0.05 vs. MI group.
FIGURE 1 | Effects of linalool on arrhythmic scores for the cardiac arrhythmias recorded in the different study groups. *p < 0.05 vs. MI group.
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Metoprolol is a beta-receptor blocker that belongs to class II
of the antiarrhythmic drugs. Beta-blockers prevent sudden
cardiac death caused by malignant ventricular arrhythmias in
MI (Yan et al., 2007; Haugaa et al., 2010). Abundant evidence
exists regarding the preventive effect of metoprolol on Cx43
degradation as an important mechanism for the antiarrhythmic
effect of this drug in MI. This pathway can recover gap junction
communication, leading to improved conduction velocity. These
changes ultimately reduce susceptibility to ventricular
arrhythmias (Zhou et al., 2017; Zhai et al., 2018).

Linalool, also known as linalyl alcohol, linaloyl oxide, b-
linalool, and allo-ocimenol (Kazemi et al., 2016), is a natural
product with a wide range of pharmacologic effects on the
cardiovascular system (Santos et al., 2011). This substance is
found in different medicinal plants including Cinnamomum
tamala (Chanotiya and Yadav, 2010), Cannabis sativa
(Fischedick et al., 2010), Cannabis indica (Naz et al., 2017),
Ocimum basilicum (Duman et al., 2010), Artemisia vulgaris
Frontiers in Pharmacology | www.frontiersin.org 5
(Judžentienė and Buzelytė, 2006), and Humulus lupulus
(Miyashita and Sadzuka, 2013). However, L. angustifolia Mill.
(lavender) is the most popular plant that contains linalool as its
main ingredient (Ciobanu et al., 2012; Caputo et al., 2018). This
plant is traditionally used as a natural remedy for palpitation, the
most important symptom of arrhythmias (Ershadifar et al.,
2014). It has previously been shown that lavender essential oil
can modulate T-type calcium channels in HEK-293T cells, which
comprises an important pathway in the prevention of neuronal
excitability (El Alaoui et al., 2017). However, the mechanism
behind the antiarrhythmic function of linalool had not
previously been investigated.

The current results introduce the possible antiarrhythmic
mechanisms of linalool. Connexin 43 is an important structural
protein in cardiac gap junctions; it fulfills a significant role in cell
coupling during electric signal conduction (Mostafavi et al., 2015).
Changes in Cx43 expression are associated with different types of
arrhythmias following myocardial infarction (Fana et al., 2014).
FIGURE 4 | Effects of linalool on histological changes resulting from anterior coronary artery ligation in the different study groups. (A) Sham control group with no
ischemic change. (B) Myocardial infarction group without any treatment with extensive myofilament disarray and loss (!) and swelling of myocardial cells (►). (C–E)
Metoprolol, Linalool 50 and 100 mg/kg treated groups, respectively. Decreased myofilament disarray, loss and swelling is observed.
FIGURE 3 | Effects of linalool on the rest membrane potential (RMP) in isolated rat ventricular myocytes in the different study groups. *p < 0.05 vs. MI group.
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Our experiment showed that linalool can prevent decreases in
Cx43 messenger RNA and protein levels following myocardial
infarction. Hence, our findings suggest that the anti-arrhythmic
mechanism of linalool is likely to be similar to that of metoprolol
in the prevention of Cx43 degradation.
Frontiers in Pharmacology | www.frontiersin.org 6
The mechanism by which linalool prevents Cx43 degradation
has not been investigated in detail. The prevention of ischemic
injury is a potential means through which linalool can affect the
Cx43 level. It is recognized that myocardial ischemia can result in
Cx43 degradation (Hatanaka et al., 2004). Hypoxia of
FIGURE 5 | Effects of linalool on western blot of Cx43 protein expression levels in the different study groups. *p < 0.05 vs. MI group.
FIGURE 6 | Effects of linalool on Cx43 mRNA expression levels in the different groups. *p < 0.05 vs. MI group.
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cardiomyocytes can decrease Cx43 expression and cause
downregulation and internalization of Cx43 at gap junctions,
ultimately decreasing the total cellular Cx43 content (Schulz et al.,
2015). Linalool is known to be able to prevent myocardial ischemic
injuries (Zheng et al., 2017). In the experimental model of
myocardial ischemia, linalool inhibited the inflammatory
response, prevented oxidative stress, and increased the level of
vascular endothelial growth factor B, thereby providing protection
against ischemia-induced cell death and apoptosis (Zheng
et al., 2017).

Our study also showed that the significant depolarization that
occurred in the MI group (compared with the control) was
prevented by linalool administration. Depolarization can
increase myocyte excitability by shifting the resting membrane
potential to a less negative value (Parham et al., 2006). Hence,
besides the prevention of Cx43 degradation, maintaining the
resting membrane potential may be another mechanism that
explains the observed antiarrhythmic effect of linalool. This effect
on myocardial resting membrane potential may also explain the
previously shown preventive effect of linalool on myocardial
ischemic injuries (Zheng et al., 2017). Ischemic injury can
damage the myocyte membrane channels, which leads to
depolarization in the myocyte resting membrane potential,
resulting in increased excitability and arrhythmias (Shaw and
Rudy, 1997).

In summary, linalool was shown to be able to dose-dependently
decrease the incidence of arrhythmias in a rat model of myocardial
infarction. We propose that the key mechanism behind this
Frontiers in Pharmacology | www.frontiersin.org 7
antiarrhythmic effect is probably the prevention of decreased
Cx43 expression following MI. Our research shows that linalool
may be a promising candidate for the pharmacotherapy of
ventricular arrhythmias related to myocardial infarction.
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Judžentienė, A., and Buzelytė, J. (2006). Chemical composition of essential oils of
Artemisia vulgaris L.(mugwort) from North Lithuania. Chemija 17.

Kang, J., Kang, N., Lovatt, D., Torres, A., Zhao, Z., Lin, J., et al. (2008). Connexin
43 hemichannels are permeable to ATP. J. Neurosci. 28, 4702–4711. doi:
10.1523/JNEUROSCI.5048-07.2008

Kazemi, N., Kahrizi, D., Mansouri, M., Karim, H., Vaziri, S., Zargooshi, J., et al.
(2016). Induction of linalool as a pharmaceutical and medicinal metabolite via
cell suspension culture of cumin (Cuminum cyminum L.). Cell. Mol. Biol. 62,
65–68.

Kolouri, S., Firoozabadi, A., Salehi, A., Zarshenas, M. M., Dastgheib, S. A.,
Heydari, M., et al. (2016). Nepeta menthoides Boiss. & Buhse freeze-dried
aqueous extract versus sertraline in the treatment of major depression: A
double blind randomized controlled trial. Complementary Ther. Med. 26, 164–
170. doi: 10.1016/j.ctim.2016.03.016

Kornreich, B. G. (2007). The patch clamp technique: principles and technical
considerations. J. Vet. Cardiol. 9, 25–37. doi: 10.1016/j.jvc.2007.02.001

Miyashita, M., and Sadzuka, Y. (2013). Effect of linalool as a component of
Humulus lupulus on doxorubicin-induced antitumor activity. Food Chem.
Toxicol. 53, 174–179. doi: 10.1016/j.fct.2012.11.035

Mosavat, S. H., Ghahramani, L., Haghighi, E. R., Chaijan, M. R., Hashempur,
M. H., and Heydari, M. (2015). Anorectal diseases in Avicenna’s “Canon of
Medicine”. AMHA-Acta medico-historica Adriatica 13, 103–114.

Mostafavi, H., Khaksarian, M., Joghataei, M. T., Yoosefee, S., Soleimannejad, M.,
Gholamzadeh, R., et al. (2015). cAMP-Epac Pathway Stimulation Modulate
Connexin-43 and MicroRNA-21 Expression in Glioma Cells. Basic Clin.
Neurosci. 6, 52.

Nasiri Lari, Z. N., Hajimonfarednejad, M., Riasatian, M., Abolhasanzadeh, Z., Iraji,
A., Vojoud, M., et al. (2020). Efficacy of inhaled Lavandula angustifolia Mill.
Essential oil on sleep quality, quality of life and metabolic control in patients
with diabetes mellitus type II and insomnia. J. Ethnopharmacol., 251, 112560.
doi: 10.1016/j.jep.2020.112560

Naz, S., Hanif, M. A., Bhatti, H. N., and Ansari, T. M. (2017). Impact of
Supercritical Fluid Extraction and Traditional Distillation on the Isolation of
Aromatic Compounds from Cannabis indica and Cannabis sativa. J. Essent. Oil
Bear. Plants 20, 175–184. doi: 10.1080/0972060X.2017.1281766

Oyamada, M., Tsujii, E., Tanaka, H., Matsushita, T., and Takamatsu, T. (2001).
Abnormalities in gap junctions and Ca2+ dynamics in cardiomyocytes at the
border zone of myocardial infarcts. Cell Commun. Adhes. 8, 335–338. doi:
10.3109/15419060109080749

Parham, W. A., Mehdirad, A. A., Biermann, K. M., and Fredman, C. S. (2006).
Hyperkalemia revisited. Tex Heart Inst. J. 33, 40.

Santos, M. R., Moreira, F. V., Fraga, B. P., Souza, D. P. D., Bonjardim, L. R., and
Quintans-Junior, L. J. (2011). Cardiovascular effects of monoterpenes: a review. Rev.
Bras. Farmacognosia 21, 764–771. doi: 10.1590/S0102-695X2011005000119

Scheinman, M. M. (2009). Role of the His-Purkinje system in the genesis of cardiac
arrhythmia. Heart Rhythm. 6, 1050–1058. doi: 10.1016/j.hrthm.2009.03.011

Schulz, R., Görge, P. M., Görbe, A., Ferdinandy, P., Lampe, P. D., and Leybaert, L.
(2015). Connexin 43 is an emerging therapeutic target in ischemia/reperfusion
injury, cardioprotection and neuroprotection. Pharmacol. Ther. 153, 90–106.
doi: 10.1016/j.pharmthera.2015.06.005

Sedighi, M., Nazari, A., Faghihi, M., Rafieian-Kopaei, M., Karimi, A., Moghimian,
M., et al. (2018). Protective effects of cinnamon bark extract against ischemia–
Frontiers in Pharmacology | www.frontiersin.org 8
reperfusion injury and arrhythmias in rat. Phytother. Res. 32, 1983–1991. doi:
10.1002/ptr.6127

Shaw, R. M., and Rudy, Y. (1997). Electrophysiologic effects of acute myocardial
ischemia: a theoretical study of altered cell excitability and action potential
duration. Cardiovasc. Res. 35, 256–272. doi: 10.1016/S0008-6363(97)00093-X

Tribulova, N., Knezl, V., Okruhlicova, L., and Slezak, J. (2008). Myocardial gap
junctions: targets for novel approaches in the prevention of life-threatening
cardiac arrhythmias. Physiol. Res. 57, S1–S13.

Wang, Lh, Yu, Ch, Fu, Y., Li, Q., and Sun, Y. Q. (2011). Berberine elicits anti-
arrhythmic effects via IK1/Kir2. 1 in the rat type 2 diabetic myocardial
infarction model. Phytother. Res. 25, 33–37. doi: 10.1002/ptr.3097

Wang, D., Guo, X., Zhou, M., Han, J., Han, B., and Sun, X. (2014).
Cardioprotective effect of the aqueous extract of lavender flower against
myocardial ischemia/reperfusion injury. J. Chem. 2014, 1–6. doi: 10.1155/
2014/368376

Yan, S.-H., Hu, H.-S., Wang, X.-L., Xing, Q.-C., Wang, Q., Shi, C.-W., et al. (2007).
Effects of prolonged metoprolol treatment on neural remodeling and inducible
ventricular arrhythmias after myocardial infarction in rabbits. Int. J. Cardiol.
117, 317–322. doi: 10.1016/j.ijcard.2006.04.086

Yang, B., Lu, Y., and Wang, Z. (2008). Control of cardiac excitability by
microRNAs. Cardiovasc. Res. 79, 571–580. doi: 10.1093/cvr/cvn181

Yuan, M.-J., Huang, H., Tang, Y.-H., Wu, G., Gu, Y.-W., Chen, Y.-J., et al. (2011).
Effects of ghrelin on Cx43 regulation and electrical remodeling after
myocardial infarction in rats. Peptides 32, 2357–2361. doi: 10.1016/
j.peptides.2011.10.004

Zhai, H., Dai, W., and Wang, Y. (2018). Metoprolol protects cardiomyocytes in
rabbit model of heart failure by regulating Cx43. Exp. Ther. Med. 15, 1902–
1905. doi: 10.3892/etm.2017.5590

Zhang, J., Qiang, C.-C., Li, W.-J., Liu, L.-J., Lin, X.-X., Cheng, Y.-J., et al. (2014).
Effects of Nardostachys chinensis on spontaneous ventricular arrhythmias in
rats with acute myocardial infarction. J. Cardiovasc. Pharmacol. 64, 127–133.
doi: 10.1097/FJC.0000000000000096

Zheng, X.-H., Liu, C.-P., Hao, Z.-G., Wang, Y.-F., and Li, X.-L. (2017). Protective effect
and mechanistic evaluation of linalool against acute myocardial ischemia and
reperfusion injury in rats. RSC Adv. 7, 34473–34481. doi: 10.1039/C7RA00743D

Zhou, M., Lu, Q., Jiang, J., Chen, Z., Gong, Z., Li, Z., et al. (2017). Impacts of early
metoprolol intervention on connexin 43 and phosphorylated connexin 43
expression in rabbits with experimental myocardial infarction. Zhonghua xin
xue guan bing za zhi 45, 294–298. doi: 10.3760/cma.j.issn.0253-
3758.2017.04.008

Ziaee, M., Khorrami, A., Ebrahimi, M., Nourafcan, H., Amiraslanzadeh, M.,
Rameshrad, M., et al. (2015). Cardioprotective effects of essential oil of
Lavandula angustifolia on isoproterenol-induced acute myocardial infarction
in rat. Iran. J. Pharm. Res.: IJPR 14, 279.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Ke, Zhu, Zhang and Zhang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2020 | Volume 11 | Article 926

https://doi.org/10.4040/jkan.2006.36.7.1123
https://doi.org/10.1523/JNEUROSCI.5048-07.2008
https://doi.org/10.1016/j.ctim.2016.03.016
https://doi.org/10.1016/j.jvc.2007.02.001
https://doi.org/10.1016/j.fct.2012.11.035
https://doi.org/10.1016/j.jep.2020.112560
https://doi.org/10.1080/0972060X.2017.1281766
https://doi.org/10.3109/15419060109080749
https://doi.org/10.1590/S0102-695X2011005000119
https://doi.org/10.1016/j.hrthm.2009.03.011
https://doi.org/10.1016/j.pharmthera.2015.06.005
https://doi.org/10.1002/ptr.6127
https://doi.org/10.1016/S0008-6363(97)00093-X
https://doi.org/10.1002/ptr.3097
https://doi.org/10.1155/2014/368376
https://doi.org/10.1155/2014/368376
https://doi.org/10.1016/j.ijcard.2006.04.086
https://doi.org/10.1093/cvr/cvn181
https://doi.org/10.1016/j.peptides.2011.10.004
https://doi.org/10.1016/j.peptides.2011.10.004
https://doi.org/ 10.3892/etm.2017.5590
https://doi.org/10.1097/FJC.0000000000000096
https://doi.org/10.1039/C7RA00743D
https://doi.org/10.3760/cma.j.issn.0253-3758.2017.04.008
https://doi.org/10.3760/cma.j.issn.0253-3758.2017.04.008
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Anti&dash;Arrhythmic Effects of Linalool via Cx43 Expression in a Rat Model of Myocardial Infarction
	Introduction
	Methods
	Animals
	Myocardial Infarction (MI) Induction
	ECG Recording and Arrhythmia Scoring
	Isolation of Myocytes
	Assessment of the Pathologic Changes
	Cardiac Cx43 Western Blotting and Real-Time PCR
	Statistical Analysis

	Results
	Arrhythmia Score
	Resting Membrane Potential
	Histology
	Western Blot
	Real-Time PCR Analysis

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


