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Background. Cardiac ischemia is the major cause of morbidity and mortality which can
Article History: be increased by Statins. This study aimed to increase the effectiveness of simvastatin in
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receiving simvastatin, and ischemia receiving simvastatin-loaded nano-niosomes. One
Keywords: month after the drug injection, RNA was extracted from the heart tissue of the studied
e Reperfusion groups, cDNA was synthesized, and a real-time PCR test was performed using specific
e Simvastatin primers. SPSS 21.0 software was used for statistical analysis. Analysis of variance was
e Niosomes used to investigate the effect of the interventions, and Tukey's post hoc test was used to
e Ischemia investigate a significant difference (P<0.05) between the control groups and other
e Apoptosis groups as well as between intervention groups.
e Autophagy Results. Apoptosis and autophagy increased significantly in the ischemia group

compared to the control group (P<0.05). In the simvastatin-loaded nano-niosomes
group, compared to the simvastatin group, apoptosis and autophagy showed a
significant decrease (P<0.05), and also in both simvastatin-loaded nano-niosomes and
simvastatin group, compared to the control group, apoptosis and autophagy showed a
significant decrease. (P<0.05).

Conclusion. Simvastatin is an effective drug in the recovery of cardiac ischemia, but the
main problem in using simvastatin is its instability and degradability, and the use of its
niosomes form solves this problem properly.

Practical Implications. Simvastatin-loaded nano-niosomes is more effective in
reducing heart ischemia damage compared to simvastatin.
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Extended Abstract

Background occurs when the coronary blood flow is reduced. In
Cardiac ischemia is one of the major causes of  heart diseases, the death of myocytes mostly happens
morbidity and mortality all over the world and it  in the form of apoptosis, necrosis, necroptosis, and
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autophagy. In this situation, the healthy myocytes
have to compensate for the duty of the damaged
muscles which leads to heart enlargement and
myocyte weakness. Therefore, treatments are
necessary to deal with these complications. One of
the treatment methods is drug therapy. Various
drugs are prescribed for ischemia including Statins
which  have anti-inflammatory, vasodilation,
antioxidant, anti-apoptotic, and anti-fibrosis effects.
But the rapid elimination of it decreases the related
effects in the body. The use of pharmaceutical
carriers like niosomes can increase its efficiency.
Therefore, we synthesized simvastatin-loaded nano-
niosomes and compared its effect with simvastatin
on the death rate of cardiomyocytes by assessing
apoptosis and autophagy in male rats suffering from
cardiac ischemia.

Methods

In this study, 25 male Wistar rats were divided
into 5 groups: control, ischemia (induced by closed
LAD), ischemia receiving nano-niosomes, ischemia
receiving simvastatin, and ischemia receiving
simvastatin-loaded nano-niosomes. One month after
the drug injection, RNA was extracted from the
heart tissue of the studied groups, and cDNA was
synthesized to perform the reverse transcription
reaction using the forward and reverse primers of the
genes. Then, real-time PCR was done. The B-actin
gene was used as an internal control. SPSS 21.0
software was used for statistical analysis. The results
were expressed as mean = standard deviation.
Analysis of variance was used to examine the effect
of the interventions, and Tukey's post hoc test was
used to examine the significant differences between
the control groups and other groups as well as
between two intervention groups. P<0.05 was
considered significant.

Results

The results showed that the samples of the
control group had zero standard deviation and the
highest mean was observed in this group whereas the
lowest average belonged to the BCL2 gene.
Furthermore, the results of Tukey's post hoc test
showed the effectiveness of interventions on the
expression of different genes. In our investigations,

all BCL2, BAX, P53, LC3, Beclin-1, and Atg3
variables were expressed significantly different in the
control, ischemia, niosomes, simvastatin, and
simvastatin-loaded nano-niosomes groups. Based on
Tukey's post hoc test, a statistically significant
difference was observed between the control group
and other groups. To investigate apoptosis, the
expression of genes; P53, BAX, and BCL2 were
measured and in the ischemia group, compared to
the control group, the expression level of P53 and
BAX genes were increased, and the expression level
of P53 and BAX genes were decreased in the
simvastatin-loaded nano-niosomes group compared
to simvastatin. Also, the mentioned genes were
under-expressed in the Simvastatin-loaded nano-
niosomes and simvastatin groups compared to the
control group. While in the ischemia group
compared to the control group, the expression level
of the BCL2 gene was decreased and the expression
level of the mentioned gene was increased in the
simvastatin-loaded nano-niosomes group compared
to the simvastatin group. Also, the expression of the
BCL2 gene was increased in simvastatin-loaded
nano-niosomes and simvastatin groups compared to
the control (P<0.05). To investigate autophagy, the
expression of LC3, Atg3, and Beclin-1 genes was
measured and it was observed that the expression of
LC3, Atg3, and Beclin-1 genes was increased in the
ischemia group compared to the control group, and
the expression level of all three mentioned genes was
decreased in the simvastatin-loaded nano-niosomes
group compared to simvastatin. Also, the expression
of the mentioned genes was decreased in
simvastatin-loaded nano-niosomes and simvastatin
groups compared to the control (P<0.05).

Conclusion

Based on our results, P53 and BAX genes were
over-expressed in the ischemia group compared to
the control group, and in the simvastatin-loaded
nano-niosomes group, these genes were decreased
compared to simvastatin. However, in the ischemia
group, compared to the control group, the BCL2
gene was under-expressed, and in the simvastatin-
loaded nano-niosomes group, this gene was over-
expressed compared to simvastatin. Also, in the
ischemia group compared to the control group, LC3,
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Atg3, and Beclin-1 genes were over-expressed, and in
the simvastatin-loaded nano-niosomes group, these
three genes were under-expressed compared to
simvastatin group. In parallel with our findings,
Durak et al. introduced niosome-encapsulated drugs
for the treatment of eye disorders. Abutaleb et al.
also showed an increase in drug penetration in
nefopam niosomes compared to nefopam oral
solution. Brady et al. reported similar issues in I/R,

autophagy, and apoptosis overlap. Because Bcl-2
inhibits Beclinl-dependent autophagy, activation of
Beclinl-mediated autophagy during reperfusion is
associated with Bcl-2 change, which may lead to
apoptosis. Another molecule that links autophagy
and apoptosis is Bnip3, a proapoptotic member of
the Bcl-2 family. According to this study, Bnip3
regulates autophagy in cardiac I/R.
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