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Abstract
Noscapine is an antitumor alkaloid derived from Papaver somniferum plants. Our previous study has demonstrated that expo-
sure of noscapine on primary murine fetal cortical neurons exposed to oxygen–glucose deprivation/reperfusion (OGD/R) has 
neuroprotective effects. In current study, the effects of noscapine on cardiomyocytes (H9c2 cells) damage caused by 120 min-
utes (min) of OGD/R were evaluated and we determined whether the addition of BD1047, sigma-one receptor antagonist, 
prevents the protective effects of noscapine in H9c2 cells through the production of nitric oxide (NO) and apoptosis. To initi-
ate OGD, H9c2 cells was transferred to glucose-free DMEM, and placed in a humidified incubation chamber. Cell viability 
was assessed with noscapine (1–5 μM) in the presence or absence of BD1047, 24 hours (h) after OGD/R. Cell viability, NO 
production and apoptosis ratio were evaluated by the MTT assay, the Griess method and the quantitative real-time PCR. 
Noscapine considerably improved the survival of H9c2 cells compared to OGD/R. Also, noscapine was extremely capable 
of reducing the concentrations of NO and Bax/Bcl-2 ratio expression. While the BD1047 administration alone diminished 
cell viability and increased the Bax/Bcl-2 ratio and NO levels. The addition of noscapine in the presence of BD1047 did not 
increase the cell viability relative to noscapine alone. Noscapine exerted cardioprotective effects exposed to OGD/R-induced 
injury in H9c2 cells, at least partly via attenuation of NO production and Bax/Bcl-2 ratio, which indicates that the sigma-one 
receptor activation is involved in the protection by noscapine of H9c2 cells injured by OGD/R.
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Introduction

Ischemic heart disease and many cardiovascular diseases 
are the most leading causes of human mortality globally 
and one of the most susceptible organs to both ischemia/

reperfusion (I/R) damage is the heart that leads to myocar-
dial cell damage [1, 2]. The imbalance between myocardial 
oxygen supply and demand was exacerbated when cells were 
subjected to prolonged reperfusion restoration and concur-
rent reoxygenation [3]. Critical strategies should therefore 
be regarded for the prevention and reduction of myocardial 
injury following I/R. One of the methods currently used to 
treat myocardial I/R injury is the use of conservative drug 
therapy. It is therefore very essential to define a new drug 
therapy that may restrict the harm caused by a reduction in 
I/R injury [3, 4].

In reality, the absence of oxygen and glucose creates 
ischemia, leading to an enormous accumulation of gluta-
mate. Glutamergic excitation contributes to a rise in intra-
cellular calcium in the cells, which can eventually boost NO 
concentrations [5, 6]. These events lead to irreversible apop-
totic and necrotic cell death, which could play a significant 
part in myocardial I/R injury [7, 8].
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In many researches, OGD is frequently used as an in vitro 
model for ischemic injury in cultured cardiomyocytes 
because it is similar to in vivo cardiac ischemia models. 
Therefore, in this inquiry, an in vitro OGD model is used to 
study I/R injury to cardiomyocytes cells [2].

Dumont & Lemaire [9] for the first time reported that 
sigma receptors were present in the heart after that, Nova-
kova et al. [10] proved that 75% of the sigma receptors in 
the heart were associated with sigma-one receptors. Many 
researchers have concentrated their studies on sigma-one 
cardiac receptor functions to explore several experimental 
models [11–13]. According to studies sigma-one receptors 
are expressed in intracardiac neurons, atrial and ventricu-
lar cardiomyocytes in rats and guinea pigs [14, 15]. These 
receptors have therefore shown much promise as a pharma-
cological goal for the therapy of many myocardial illnesses 
[13].

Noscapine is an antitumor alkaloid derived from Papaver 
somniferum plants, which causes various bioactivity, such as 
antitussives, antitumor and anti-inflammatory effects, over 
many years [6, 16, 17].

Our previous study showed that noscapine may reduce the 
OGD of primary murine fetal cortical neurons by decreas-
ing the production of NO and intracellular calcium modula-
tion [6]. Another study also demonstrated that noscapine 
pretreatment for renal ischemia–reperfusion injury in rats 
protected both renal tissue composition and function [18]. 
However, the effect of noscapine on OGD/R in H9c2 cardio-
myocyte cells has not yet been investigated.

In this research, we evaluated the effects of noscapine on 
H9c2 cell damage induced by 120 min of OGD/R to imitate 
myocardial I/R conditions and also defined whether the addi-
tion of BD1047 in the presence of noscapine could inhibit 
the protective effects of noscapine in H9c2 cells through the 
production of NO and apoptosis.

Material and methods

Materials

The H9c2 cells, a cardiomyocyte cell line, were a gift from 
Cellular and Molecular Research Center, Iran University of 
Medical Science, Tehran, Iran. Noscapine, NG nitro-L-argi-
nine methyl ester (L-NAME), 3-(4,5-dimethylthiazol-2- yl)-
2,5-diphenyl-tetrazolium bromide (MTT), N-[2-(3,4-Dichlo-
rophenyl)ethyl]-N-methyl-2-(dimethylamino)ethylamine 
dihydrobromide (BD1047 dihydrobromide) and modified 
Griess reagent were obtained from sigma-aldrich. Dulbec-
co’s Modified Eagle’s Medium (DMEM) without glutamine, 
fotal bovine serum (FBS), horse serum and 1% penicillin- 
streptomycin were obtained from Gibco. All other chemicals 
were obtained from Merck Co. (Darmstadt, Germany).

H9c2 cell culture

Rat embryonic ventricular H9c2 cardiomyocytes were main-
tained in DMEM medium, supplemented with a 10% (v/v) 
fetal bovine serum (FBS) and 1% penicillin/streptomycin, 
in a CO2 incubator at 37 °C [19]. Briefly, H9c2 cells were 
seeded on 96-well plates at a density of 104 cells in each 
well and cultured for 24 h. H9c2 cells were seeded at 104 
cells/well in 96-well culture plates, incubated for 48 h and 
then treated with noscapine for 24 h. MTT assay was per-
formed for the determination of cell viability. To examine 
the noscapine effects, cell cultures were treated 24 h before 
oxygen–glucose deprivation with different concentration of 
noscapine (1-5 µM).

H9c2 OGD/Reperfusion model

For the OGD/R experiments, the medium was replaced 
with glucose free DMEM medium and subjected to small 
anaerobic chamber (95% N2, 5% CO2) for 120 min to mimic 
an in vitro model of myocardial OGD/R at 37 °C. After 
this time, the anaerobic chamber was opened and medium 
was replaced with DMEM. Cell cultures were incubated in 
normoxic conditions (95% air, 5% CO) at 37 °C for 24 h.
[20]. All measurements were made in duplicate, and each 
experiment was repeated at least three times.

Cell viability assay (MTT assay)

The cell viability was examined using the colorimetric 
3-[4,5-dimethylthylthiazol-2-yl]-2,5 diphenyl tetrazolium 
bromide (MTT) assay as described [20].

24 h after the OGD, the cell cultures were added with 
0.5 mg/mL MTT in DMEM, at 37 °C under 5% CO2, for 4 h. 
Then, solution was removed, and the formazan crystals were 
solubilized in 100μL dimethyl sulfoxide at 37 °C for 15 min. 
The absorbance of the reaction solution at 570 nm was read 
by using ELISA-plate reader (Dynex, Richfield, MN, USA).

Quantitative real‑time PCR (qRT‑PCR)

Total RNA of H9c2 cells was extracted from tissue using 
RNXplus (Cinagen, Iran). The quantity and quality of the 
isolated RNA was extracted by measurement of the optical 
density at 260 and 280 nm using Ultrospec 2000 UV/VIS 
Spectrophotometer (Pharmacia) and agarose gel electropho-
resis, respectively. cDNAs were generated from 1 µg of total 
RNA by reverse transcription using the CycleScript Reverse 
Transcription system (Bioneer, Korea) according to the 
manufacturer’s instructions. The mRNA expression levels 
of Bax, Bcl-2 and B-actin were determined by quantitative 
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real-time RT-PCR, using a Rotor-Gene 6000 Real-Time 
Thermal Cycler (Qiagen, Germany). B-actin mRNA was 
used as the internal control. All primers were purchased 
from Qiagen. The PCR reactions were performed in a vol-
ume of 10 µL, containing 1 µL of cDNA, 5 µL of Accu-
Power® 2X GreenStar qPCR Master Mix (Bioneer, Korea), 
and 10 pM of each forward and reverse specific primer based 
on suggestions from the supplier. One RNA sample of each 
preparation without a real-time reaction was provided as a 
negative control in the subsequent PCR.

According to the following program: reaction mode was 
set at 95 °C for 10 min, followed by 40 cycles of 95 °C for 
15 s and 60 °C for 1 min. In order to determine the melting 
temperature of the product the melting curve is checked after 
amplification.

The sequences of the primers are as follows:
B-actin forward: CGG​TCA​GGT​CAT​CAC​TAT​CGG, 

B-actin reverse: ATG​CCA​CAG​GAT​TCC​ATA​CCCA, Bax 
forward: GAG​GCA​GCG​GCA​GTG​ATG​, Bax reverse: GAT​
CCT​GGA​TGA​AAC​CCT​GTAGC, Bcl2 forward: GGA​GCG​
TCA​ACA​GGG​AGA​TG TAC​ATC​, Bcl2 reverse: AGC​CAG​
GAG​AAA​TCA​AAC​AGAGG.

All samples and controls are standardized against B-actin, 
the reference gene. There were no template controls and 
reverse transcriptase controls in each PCR run. All tests were 
performed three times as independent PCR runs for each 
cDNA sample. The ΔΔCT (Cycle Threshold) procedure was 
used to measure targeted mRNA fold changes in samples. 
Each gene expression was standardized with respect to the 
content of B-actin mRNA [21].

Measurement of nitrite levels

To detect NO production in the culture medium, we used 
modified Griess reagent, a widely-accepted colorimetric 
method for measuring NO levels. 24 h after OGD/R, the 
supernatant of medium in each well was removed and trans-
ferred to microtube to centrifuge at 10,000 RCF for 10 min 
at 4 °C. 100 μL of the supernatant and 100 μL Griess rea-
gent should be mixed and incubate at dark room tempera-
ture for 15 min [6]. The results were read at 570 nm using 
a microplate reader. A sodium nitrite standard curve was 
constructed from sodium nitrite in a serial dilution.

Statistical analysis

All results are presented as means ± SEM. P < 0.05 was 
considered statistically significant. Significant differences 
among multiple groups were examined using one-way analy-
sis of variance (ANOVA) followed with Dunnett test. Data 
were analyzed using Graph Pad Prism 6.0 software.

Results

The effect of noscapine on cell viability

We analyzed the cell viability of different concentrations 
of noscapine on H9c2 cells by MTT assay (Fig. 1). H9c2 
cells were treated with different concentrations of noscapine 
(ranging from 1 µM to 10 µM) for 24 h, and cell viability 
was evaluated. Noscapine did not have a significant effect on 
cell viability, up to a concentration of 5 µM compared with 
external control group. At dose of 6 µM and above the cell 
viability was decreased. The viability of external control 
cells was set at 100%.

The effects of noscapine in the presence 
and absence of BD1047 on H9c2 cells 
against OGD‑induced cell injury

H9c2 cells lost their normal shape in the OGD / R group 
from spindle form to round and smaller shape, with reduced 
cell refraction due to morphological alterations. The cell 
morphology improved after treatment with 5 μM of noscap-
ine (Fig. 2a). The viability of H9c2 cells against 120 min 
OGD/R-induced injury alone or with different concentra-
tions of BD1047 was determined by the MTT assay, which 
demonstrated that the cell viability caused by BD1047 was 
diminished in a dose-dependent manner (Fig. 2b). Then, we 
investigated the effects of various concentrations of noscap-
ine (1–5 µM) in the presence and absence of BD1047 on 
the response of H9c2 cultures to OGD followed by 24 h 
reperfusion (Fig. 2c). Pretreatment with 1–5 µM of noscap-
ine dramatically increased the viability of the H9c2 cells 
against OGD/R. Effect of noscapine on cell viability reached 
a plateau at 5 µM (80.02% ± 2.28). When 5 µM BD1047 
was added to H9c2 cells alone, a significant decrease in cell 
viability was observed (39.83% ± 1.19).

Fig. 1   Representative growth response columns for noscapine in 
different concentrations. ***p < 0.001 compared to external control 
group. External control group: the plates not exposed to OGD and 
without addition of drugs
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To ensure the involvement of the sigma-one receptors 
in OGD-treated cells, cell survival was defined against 
120 min OGD with concomitant addition of 5 µM BD1047 
and various concentrations of noscapine (Fig. 2c). Our 
results showed that different concentrations of noscapine 

in the presence of BD1047 could not have an effect on 
cell survival compared to noscapine alone indicated that 
BD1047 eliminated the cardioprotective effects of noscap-
ine in H9c2 cells after 120 min OGD/R. The viability of 

Fig. 2   Effect of noscapine on 
cell viability in H9c2 cells 
after OGD/R. (a) Cytomorpho-
logical changes after OGD/R 
with or without noscapine. 
(b) The effects of different 
concentrations of BD1047 
on H9c2 cells subjected to a 
120 min OGD/24 h reperfusion. 
***p < 0.001 compared to OGD 
group. (c) The effects of differ-
ent concentrations of noscapine 
in the presence and absence 
of BD1047 on H9c2 cells sub-
jected to a 120 min OGD/24 h 
reperfusion. #p < 0.01 compared 
to noscapine group. ###p < 0.001 
compared to noscapine 5 µM 
groups. The data are expressed 
as the percentage of viable cells 
in OGD-exposed plates rela-
tive to external control group 
(100%). OGD group: the plates 
exposed to OGD conditions 
without addition of drugs, exter-
nal control group: the plates not 
exposed to OGD and without 
addition of drugs
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the external control cells was regarded as 100% and used 
to standardize 120 min OGD treatment group.

The effect of noscapine in the presence and absence 
of BD1047 on OGD/R and NO production in H9c2 
cells culture

The level of NO production of H9c2 cells injured by 
120 min OGD/R was explored to further investigate the 
protective effects of different concentrations of noscapine.

The measurements of NO production against OGD-
R-induced cardiotoxicity were evaluated using the modi-
fied Griess reagent. Treatment of H9c2 cells to OGD/R 
significantly increased nitrite production (2.44 ± 0.03) 
relative to the external control group. Our result showed 
that exposure of noscapine, decreased OGD/R-induced 
NO production compared with the BD1047 treated group 
(2.90 ± 0.02). While H9c2 cells were treated with noscap-
ine in the presence of BD1047, the level of NO produc-
tion decreased as shown in Fig. 3 compared with BD1047 
treated group alone. Although there is no difference 
between the noscapine group and the BD1047 + noscapine 
group, 5 μM noscapine in combination with BD1047 has 
been shown to significantly reduce NO production com-
pared to other noscapine + BD1047 concentrations. The 
effects of L-NAME (100 µM), a NOS inhibitor, on NO 
production were also evaluated. The results demonstrated 
that NO production induced by 120 min of OGD/R was 
significantly decreased by L-NAME (0.68 ± 0.02).

The effect of noscapine in the presence and absence 
of BD1047 on Bax/Bcl‑2 ratio expression 
against OGD‑induced cell injury

To further confirm the cardioprotective effect of noscapine 
on cardiomyocyte injury, we examined the Bax/Bcl-2 ratio 
expression of H9c2 cells against 120 min OGD/R.

qRT PCR analysis revealed that OGD-R resulted in a 
marked increase in the Bax/Bcl-2 ratio (3.49 ± 0.09) relative 
to that of the external control group. In addition, the results 
showed that the Bax/Bcl-2 ratio was significantly attenu-
ated by 5 μM noscapine in H9c2 cells treated with OGD/R 
(2.34 ± 0.08), while BD1047 reversed the Bax/Bcl-2 ratio 
expression changes (5.19 ± 0.07). After OGD/R, noscap-
ine in the presence of BD1047 failed to evoke a significant 
decrease in Bax/Bcl-2 ratio expression relative to noscapine 
alone. (Fig. 4).

Discussion

Noscapine is an alkaloid antitumor of Papaver somniferum 
plants with no significant analgesic, sedative or euphoric 
effects. Recently, our lab and others have shown a protec-
tive impact of noscapine against OGD/R caused injury to 
primary murine fetal cortical cells and kidney I/R injuries 
in male Wistar rats, respectively [6, 18].

However, it has not been clarified whether noscapine 
could have a cardioprotective effect following OGD/R-
induced injury to H9c2 cells. H9c2 cells are rat embryonic 
myoblast cells and maintain several cardiac-like character-
istics and have been widely used in in vitro models to study 

Fig. 3   The effects of noscapine in the presence and absence of 
BD1047 on NO production in H9c2 cells during a 120 min OGD/R-
induced cell injury. ###p < 0.001 compared to noscapine 5 µM group. 
*p < 0.01 compared to BD1047 + noscapine 5 µM group. ***p < 0.001 
compared to BD1047 + noscapine 5  µM group. OGD group: the 
plates exposed to OGD conditions without addition of drugs, external 
control group: the plates not exposed to OGD and without addition of 
drugs

Fig. 4   qRT PCR analyses of Bax/Bcl-2 mRNA ratio expres-
sion in OGD/R. H9c2 cells were treated with 5 µM BD1047 in the 
absence and presence of 5  µM noscapine. ***p < 0.001 compared to 
BD1047 group. #p < 0.01 compared to noscapine 5 µM group group. 
###p < 0.001 compared to noscapine 5 µM group group
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cardiac ischemia/hypoxia [22]. Therefore, in the present 
investigation, we used the pretreatment protocol to dem-
onstrate distinct concentrations of noscapine cardioprotec-
tion effects against OGD/R-induced injury in H9c2 cells. 
Another objective of this research was to determine whether 
BD1047, modulated noscapine effects via sigma-one recep-
tor through NO production and apoptosis (Bax/Bcl-2 ratio).

Recent research has shown that OGD/R-induced ischemic 
heart damage has been widely used to study the cardiopro-
tective and cardiotoxic impacts of multiple agents and to 
build a cell model of myocardial ischemia reperfusion injury 
such as H9c2 cardiomyocyte [4, 23, 24]. Therefore, we 
used OGD/R injury model to mimic myocardial I/R and to 
explore the impact of noscapine with and without BD1047. 
In this research, cell viability was evaluated using MTT 
assay based on OGD/R induced H9c2 cell damage.

Sigma receptors specifically sigma-one receptor have 
been revealed to be a distinctive receptor and have been 
expressed in the central nervous system and other peripheral 
tissues. Subsequent studies demonstrated that activation of 
sigma-one receptor play an important role in many diseases 
such as Alzheimer disease, depression, Parkinson disease, 
neuropathic pain, cancer, amnesia, and ischemic brain injury 
[11, 13, 25, 26]. Recently, the function of sigma-one recep-
tors in the protection against myocardial I/R and cardio-
vascular arrhythmias has also been clarified [13, 26, 27]. 
For instance, Novakova et al. [27] have shown that the gene 
expression of sigma receptors has been increased by multi-
ple stress variables, such as immobilization and/or hypoxia 
in the left ventricles of rat hearts. Also, Novakova et al. [28] 
and Stracina et al. [14] also discovered that sigma-one recep-
tor expression was boosted when long-term haloperidol was 
administered in rats and guinea pigs. However, few studies 
have been recorded on the function of sigma-one receptors 
in cardiac cells [13].

Some trials have shown that noscapine impacts have been 
inhibited by sigma receptor antagonists. For instance, Kamei 
et al. [29] have shown that the antitussive impacts of non-
narcotic drugs such as noscapine and dextromethorphane 
have reduced in the presence of rimicazole, a sigma site 
antagonist. Based on these features of sigma receptors, we 
thought that noscapine could also have a cardioprotective 
impact by modulating sigma-one receptor.

In this study, we examined the potential mechanism by 
which noscapine would protect the cell viability of H9c2 
cells exposed to OGD. H9c2 cells exposed to 120 min 
OGD/R showed reduced cell viability over a 24-h period. 
This information shows that the OGD/R model has been 
effectively performed. By comparison, distinct concentra-
tions of noscapine efficiently enhanced the viability of H9c2 
cells caused by OGD/R in a dose-dependent manner (with 
the exception of noscapine concentrations in 4 and 5 μM), 
indicating the cardioprotective effect of noscapine. In order 

to confirm the involvement of sigma-one receptors in restor-
ing cell viability in OGD-treated cells, H9c2 cells were pre-
treated with BD 1047, sigma-one receptor antagonist, and 
noscapine was subsequently added. Our results have shown 
that enhanced cell survival with pretreatment of BD1047 in 
H9c2 cells against OGD / R has been abolished. As well as, 
BD1047 decreased the noscapine-induced increase in cell 
viability following 120 min OGD/R.

This means that although noscapine was cardioprotective 
against OGD/R, it did not provide a cardioprotective advan-
tage to H9c2 cells by pretreatment with BD1047, indicat-
ing that noscapine could cause this protection by growing 
cell survival associated with the activation of sigma-one 
receptors. In reality, the pharmacological stimulation of 
the sigma-one receptor showed protective impacts in this 
experimental OGD/R model. This is consistent with prior 
studies which have shown that the antitussive effects of 
dextromethorphan and noscapine (non-narcotic antitussive 
drugs) in mice abolished by rimicazole, sigma-one recep-
tor antagonist. On the contrary, morphine (narcotic antitus-
sive drugs) has not been shown to have this effect [29]. Also, 
our previous study has shown that the neuroprotective effects 
of noscapine have been inhibited by co-administration of 
BD1047, a sigma-one receptor antagonist against 60 min 
OGD/R [30].

Furthermore, we investigated the mechanisms responsi-
ble for the H9c2 cardiomyocyte effects of noscapine against 
OGD/R process by determining the levels of NO and apopto-
sis. To further confirm the role of the sigma-one receptors in 
mediating the cardioprotective effect of noscapine on H9c2 
cells, we studied the effects of co-administration of BD1047 
and noscapine on OGD/R-induced NO production.

Nitric oxide synthases (NOS) are a family of enzymes cat-
alyzing the production of NO from L-arginine [31]. The 
reaction of NO with superoxide anion to form the potent 
oxidant peroxynitrite is a key element which can interacts 
with lipids, DNA, and proteins and caused oxidative and 
DNA damage [32]. NO is a major factor in the cardiovascu-
lar system which was implicated to play an important media-
tor in the pathophysiology of myocardial I/R injury [33, 34].

In many studies elucidated that under pathological condi-
tions such as myocardial I/R injury, myocardial infarction 
and chronic heart failure, peroxynitrite production induced 
cell damage [35, 36]. In addition, mechanisms of different 
types of sigma receptor ligands have been documented in 
recent decades, including in vitro [37] decrease in gluta-
mate-and NMDA-induced NO synthase (NOS) activation 
and attenuate ischemia-induced NO in vivo production [38]. 
For example, Wang et al. [36] explained that in isolated rat 
hearts, 30 min of ischemia followed by 45 min of reflow, the 
release of nitric oxide, superoxide, and peroxynitrite was 
increased in the first 2 min of reperfusion, resulting in cel-
lular injury. Schulz et al. [31] demonstrated that interstitial 
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NO production was increased after early ischemia and rep-
erfusion in cardiac cells through the activated NOS isoforms 
(dependent) and NOS-independent pathways. In addition, 
Bhardwaj et al. [38] showed that one possible mechanism 
for in vivo defense of striatum ischemic neuronal injury is 
to decrease the rate of NO production by potent sigma-one 
receptor 4-phenyl-1-(4-phenylbutyl) piperidine (PPBP). 
However, this effect was inhibited by DuP 734, a sigma-one 
receptor antagonist.

In the present study, we noted that NO levels in H9c2 
cells were markedly elevated in response to OGD/R. Treat-
ment with noscapine decreased NO levels in H9C2 cells, 
which indicated that the influence of noscapine on the NO 
levels against OGD/R might be a significant component of 
its cardioprotective effect for H9c2 cells.

Our next experiment showed that BD1047 increased 
the level of NO in H9c2 cells, and 5 μM noscapine sig-
nificantly reduced this effect, but not significantly at 3 
and 4 μM noscapine concentrations. The effect of noscap-
ine on NO production seems to have reached a plateau of 
4 μM. Although there was no significant reduction in NO 
production during OGD / R in the presence of noscapine 
and BD1047 + noscapine, 5 μM of noscapine + BD1047 
significantly reversed the effect of BD1047 on NO produc-
tion compared to other noscapine + BD1047 concentrations. 
This means that high concentrations of noscapine may have 
an impact on the sigma-one receptor. Our findings sug-
gested the involvement of stimulating sigma-one receptors 
in the cardioprotective effects of noscapine during OGD / 
R-induced NO production injury in H9c2 cells.

These data appears to be in agreement with the work 
carried out by our previous study which indicated that 
in primary cultured murine cortical neurons, noscapine 
could decrease NO production against 30 min OGD/R [6]. 
In another study, it was examined that pre-treatment of 
murine RAW 264.7 and human THP-1 macrophages with 
brominated noscapine analogs can significantly reduce NO 
and TNFa release compared to cells treated with DMSO 
(untreated control) [39]. Therefore, our result suggested that 
noscapine activates the sigma-one receptors to reduce NO 
production against OGD/R-induced injury in H9c2 cells.

It has been demonstrated that high concentrations of NO 
caused inflammatory processes during I/R, inhibit the func-
tion of heart and led to induce necrosis and apoptosis in iso-
lated cardiomyocytes and hearts [31]. Taimor et al. [34] have 
shown that incubation of isolated adult cardiomyocytes from 
rats with NO-donor against ischemic conditions induces 
cGMP-dependent apoptosis. Another study have shown that 
30 min of exposure of rats isolated perfused hearts to the NO 
donor ( ±)-Snitroso-N-acetylpenicillamine (SNAP) induced 
apoptosis, which could lead to an anti-apoptotic gene pro-
gram in cardiomyocytes [40]. Accordingly, to confirm that 
noscapine could protect OGD-induced H9c2 cell injury from 

apoptosis, the Bax/Bcl-2 ratio was detected by quantitative 
real-time PCR.

It has been well acknowledged that the phenomenon of 
myocardial ischemia can trigger apoptosis during heart fail-
ure progression which can be accelerated by reperfusion [22, 
41, 42]. Immediately after the onset of ischemia and during 
reperfusion, an apoptotic process was significantly estab-
lished and rise irreversible destructive effects of I/R. Thus 
blocking of apoptosis was believed to be an effective thera-
peutic strategy for treatment of myocardial I/R injury [42]. 
As well as, a number of investigations indicated that OGD/R 
injury is one of the most important methods to induce myo-
cardial apoptosis [22, 43]. Hence, in this work we created 
OGD/R injury to investigate the apoptosis process during 
ischemia.

In the present study, the results indicated that noscapine 
significantly reduced Bax/Bcl-2 ratio from OGD-stimulated 
H9c2 cells. This observation suggests that by upregulating 
the expression of Bcl‐2 and downregulating Bax, noscapine 
can decrease OGD/R-induced apoptosis of H9c2 cells. On 
the other hand, noscapine significantly reduced the Bax / 
Bcl-2 ratio compared to BD1047 + noscapine. This evidence 
suggests that noscapine could not have had an effect on the 
Bax / Bcl-2 ratio in the presence of BD1047.

These results are consistent with previous studies which 
demonstrate that during ischemia, the level of mRNA 
expressions of Bax/Bcl-2 ratio in H9c2 cells was up-reg-
ulated [22, 44]. For example, Gao et al., [11] showed that 
PRE-084, sigma-one receptor agonist, has a cardioprotective 
effect by reducing myocardial ischemia/reperfusion damage 
in rats as demonstrated by preserved cardiac function and 
diminished myocardial apoptosis, such as upregulating the 
expression of Bcl‐2 while reducing Bax expression and thus 
increasing the Bcl‐2 to Bax ratio. Jing et al. [22] showed that 
treatment of H9c2 cells against hypoxia led to an increase 
in the level of mRNA expressions of the Bax/Bcl-2 ratio. 
Wang et al. [44] also demonstrated that the treatment of 
H9c2 cells against OGD can induce Bax/Bcl-2 ratio acti-
vation. Yang et al. [45] recorded that an active, prototypic 
sigma-one receptor agonist, PPBP protects primary cortical 
neuronal cultures against 120 min OGD through increased 
anti-apoptotic protein Bcl-2 mRNA levels. This effect was 
fully blocked by rimcazole, an antagonist of sigma-one 
receptors. According to these results indicated that reduc-
ing of Bax/Bcl-2 ratio against OGD-induced injury on H9c2 
cells mediated by noscapine may be involved in the function 
of sigma-one receptors.

In conclusion, the results of this study show that noscap-
ine increased H9c2 cell survival against 120 min OGD/R-
induced injury. These findings also suggest that noscapine 
decreases Bax/Bcl-2 ratio and NO production following 
OGD / R injury, probably due to the modulation of the 
sigma-one receptor.
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