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Diabetic cardiomyopathy (DCM) is a complication of diabetes results in high mortality due to
its oxidative stress. The present study was designed to investigate the effect of rosemary extract
and hesperidin on hyperglycemia-induced oxidative stress, inflammation, and cardiac injury in
experimentally induced DCM in rats. Fifty rats were divided into five groups. Group I: rats fed
a normal diet. Group IT: rats received a single dose of streptozotocin at a dose of 50 mg /kg
body wt. Group IlI: rats were treated with insulin 2 U/rat per day. Group IV: rats were treated
orally with rosemary extract at a dose of 200 mg/kg body weight/day. Group V: rats were
treated with hesperidin orally at a dose of 100 mg/kg body weight/day. Blood samples and
cardiac tissue specimen were collected at the end of the experiment. The obtained results
showed a marked increase in blood glucose concentration and upregulation in Endothelin-1
(ET-1), Hypoxia inducing factor-1 a. (HIF-10), miR-29 and miRNA130b-3p gene expressions
with hypermethylation in global DNA methyltransferase (DNMT) in cardiac tissue of DCM-
induced group. Treatment with insulin, rosemary extract and hesperidin exhibited a significant
decrease in blood glucose concentration and downregulation in Endothelin-1, miR-29 and
miRNA130b-3p expressions with hypomethylation in DNMT, while HIF-1o showed a
significant upregulation as compared to DCM non treated group. In conclusion, these results
indicated that rosemary extract and hesperidin may have great therapeutic potential in the

treatment of DCM.

1. INTRODUCTION

Hyperglycemia, a metabolic condition known as diabetes
mellitus (DM), can permanently harm and impair many
organs (Al Hroob et al, 2018). Diabetes causes a
degenerative change in the myocardium known as diabetic
cardiomyopathy (DCM), which is unrelated to hypertension
or coronary artery disease (Soares et al., 2016).

The pathophysiological processes that underlie cardiac
damage in diabetes are complicated and multifaceted, and
include oxidative stress brought on by hyperglycemia,
inflammation, and the activation of cell death pathways.
Heart failure may eventually result from these procedures
(Zhang et al., 2017). Different inflammatory and cell death
mechanisms that are involved in the development of DCM
may be activated by hyperglycemia-mediated oxidative
stress (Rajesh et al., 2010)

Excess reactive oxygen species (ROS) stimulate the
apoptotic signaling pathways in the diabetic heart, including
the mitochondrial apoptotic pathway, in addition to
membrane lipid peroxidation and protein carbonylation
(Othman et al. 2017). Changes in the energy metabolism and
cardiac structure during the diabetic cardiomyopathy's
latency period cause diastolic dysfunction, which advances
to concentric ventricular hypertrophy and a decrease in its
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contractile reserve until reaching systolic dysfunction
(Yilmaz et al., 2015).

Rosmarinus officinalis Linn. (Rosemary) leaves extract is
one of the most well-known herbs used as an antioxidant and
flavoring in food preservation and cosmetics (Cui et al.
2012). In many nations, rosemary is frequently utilized as a
medicinal plant in both conventional and contemporary
treatments for hypertension and diabetes problems (Amel,
2013; Martynyuk et al. 2014).

Citrus fruits including limes and lemons, tomatoes, and
cherries contain large amounts of hesperidin, a saturated
oxidized aglycon that is  5,7,3-Trihydroxy-4'-
methoxyflavanone (Parhiz et al., 2015). Hesperidin and its
glycoside have vascular, neuroprotective, anti-allergic, anti-
inflammatory, anticarcinogenic, and antioxidant actions in
addition to their effects on diabetes (Visnagri et al., 2014).
MicroRNAs (miRNAs) are single-stranded, noncoding
RNA molecules with lengths ranging from 18 to 25
nucleotides and are encoded by endogenous genes (Shukla
et al., 2011). The initiation and progression of diabetes are
influenced by miRNAs, which are important regulators of a
number of biological processes, including apoptosis,
oxidative stress, and inflammatory factors (Pordzik et al.,
2019). Poy et al., (2004) provided the first explanation of the
functions of miRNAs in type-2 diabetes by demonstrating
the critical functions of miR-375 in insulin secretion. Later,
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accumulating studies further confirmed the regulatory roles
of miRNAs.

The goal of the current study was to examine the protective
effects of rosemary extract and hesperidin on DCM and its
involvement in the alterations of cardiac function and
associated mechanisms in a rat model of DCM, taking into
account the potential therapeutic properties of two natural
agents (rosemary extract and hesperidin).

2. MATERIAL AND METHODS

2.1. Experimental animals:

In this investigation, 50 white male albino rats measuring
180-200 g at 5-6 weeks of age were employed. The ambient
and dietary parameters for the rats were kept consistent in
separate metal cages. The rats received food and water at
will. Prior to the start of the trial, all rats were acclimated for
15 days. Benha University Animal Care and Use Committee
authorized the experimental protocols, which adhere to the
National Institutes of Health's guide for the care and use of
laboratory animals (Approval no. BUFVTM 02-8-21).

2.2. Chemicals and antioxidant agents:

2.2.1. Streptozotocin:

Streptozotocin (STZ) purchased from Sigma Chemical Co.
(P.O. Box. 14508, St. Lowis, U.S.A.) was used to induce
hyperglycemia by a single intraperitoneal (i.p) injected at
dose of 50 mg /kg body wt. freshly dissolved in citrate
buffer, PH 4.5 (Ramanathan et al., 1999).

2.2.2. Insulin:

Long-acting insulin was purchased from (Lantus Solostar,
Sanofi-Aventis, Germany). It is subcutaneously injected (2
Ul/rat per day) (Shiju et al., 2012).

2.2.3. Rosemary extracts preparation:

About 250 g of the dried rosemary leaves were milled into a
fine powder after being dried in the shade to prevent the
chemical contents from decomposing.

The plant powder was placed in a stoppered container with
ethanol (ethanol/water (70:30)) and allowed to stand at room
temperature for at least 3 days. After that, the mixture was
filtrated to obtained liquid extract. Then, the extract was
concentrated using a rotary evaporator at 50 °C under
reduced pressure. This process was repeated at least 3 times.
Finally, the extract was weighted and stored at -20 °C till
usage. Each rat was orally administered a daily dose 0.5 ml
of rosemary extract (Abdul- Rahim and Taha, 2011).

2.2.4. Hesperidin:

Hesperidin (95%) HSP was purchased from Al-dawlya
Company. Hesperidin (100 mg/kg/ day) was dissolved in
saline and was administered orally (50 mg/ ml) (Pires Das
Neves et al., 2004).

2.3. Induction of diabetic cardiomyopathy:

A single intraperitoneal (i.p) injection of 50 mg/kg body
weight of STZ experimentally induced hyperglycemia in
male rats, and after 6 weeks of the condition, experimental
DCM occurs. Rats used as controls only received a vehicle
(citrate buffer) in a quantity that was comparable. After a
week, rats that had received STZ were given a 12-hour fast
before blood samples were taken to measure their blood
glucose levels. Rats in the diabetic group were classified as
diabetic and enrolled in subsequent studies when their blood
glucose levels exceeded 250 mg/dl. (Ramanathan et al.,
1999).
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2.4. Experimental design:

All rats were divided into five groups after six weeks of
DCM induction. Therapeutic treatment with insulin,
Rosemary extracts and Hesperidin were given six weeks
after DCM induction and continued for six weeks as
following:

e Group I: Control normal group: 7 rats were given only a
regular diet and no further treatments.

e Group II: DCM non treated group: A single
intraperitoneal (i.p) injection of STZ (50 mg/kg body
weight) was given to 13 rats.

e Group IlI: STZ + Insulin treated group: 10 rats were
treated for 6 weeks with daily subcutaneous injections of
long-acting insulin at a dose of 2 units per rat after
receiving a single intraperitoneal (i.p.) injection of STZ
(50 mg/kg body weight).

e Group IV: STZ + R.E. treated group: For six weeks, 10
rats were given STZ (50 mg/kg body weight)
intraperitoneally (i.p.) in a single dosage and rosemary
extract (200 mg/kg body weight/day) orally once daily.

e Group V: STZ + Hesperidin treated group: 10 rats were
given with Hesperidin orally once daily at a dose of (100
mg/kg body weight/day) for 6 weeks after receiving a
single intraperitoneal (i.p.) injection of STZ (50 mg/kg
body weight).

2.5. Sampling:

2.5.1. Blood samples:

After an overnight fast, blood samples for serum separation
were obtained at the end of the experiment (12 weeks).
Serum was separated by centrifugation at 2500 rpm for 15
minutes. Until it was used for glucose determination, the
serum was stored at -20 °C.

2.5.2. Tissue specimens (For molecular analysis):

Rats were sacrificed at the end of the experiment (12 weeks),
and the abdomen was opened. The heart tissues were then
collected from all animal groups, placed in Eppendorf tubes,
and immediately maintained in liquid nitrogen and frozen at
—80 °C until RNA extraction for determination of gene
expression of miR-29 and miRNA130b-3p, IL-1 and HIF-1a
in addition to global DNA methylation (DNMT) level in
cardiac tissue.

2.6. Analysis:

2.6.1. Biochemical analysis:

Serum glucose concentration was determined enzymatically
according to Tietz, (1995).

2.6.2. Molecular analysis:

Evaluation of the degree of global DNA methylation as per
the procedure outlined in (Colorimetric) Base Catalog # P-
1030. As previously mentioned, DNMT was assessed using
a Methyl Flash TM Global DNA Methylation (5-mC)
ELISA Easy Kit from EpiGentek, Farmingdale, NY, USA
(Lietal., 2018).

Real-time quantitative polymerase chain reaction analysis
(real-time gPCR) was used to assess the mMRNA expression
levels of IL-1 and HIF-1 in the rat heart (Table 1). The load
was managed with B-actin. Following the manufacturer's
instructions, total RNA was extracted from the heart using
the High Kit for extraction of pure RNA (Thermo Scientific,
Fermentas, #K0731) RNA Extraction kit. RevertAid TM
First Strand CDNA synthesis kit (#EP0451, Thermo
Scientific, Fermentas, USA) was used to reverse transcribe
each cDNA sample. Then, using the Faststart Universal
SYBR Green Master, real-time quantitative PCR
amplification was carried out (Roche, GER). Using the 2-Ct
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technique, the target gene was normalized with B-actin
(Livak and Schmittgen, 2001).

miR-29 and miRNA130b-3p Using U6 as an internal
control, the expression of mMiRNAs in the heart was
measured using Real-time PCR and SYBR Green. Thermo
Scientific, USA, # K0221), a miRNA-specific forward
primer (Table 2), and a universal reverse primer supplied
with the Quanti-Mir RT kit were used to amplify the
extracted cDNA in accordance with the manufacturer's
instructions.

Table 1 Forward and reverse primers sequence for primers used in gPCR
Gen

N Forward primer (5 ------ '3) Reverse primer (5 ------ '3)

7, TCTCGGAGAGCAGAGACACA  TGGACTTTGGAGTTTCTCCC
T

F  ACTATGTCGCTTTCTTGG GTTTCTGCTGCCTTGTAT

B-  AAGTCCCTCACCCTCCCAAAA  AAGCAATGCTGTCACCTTCC

actin G C

Table 2 Forward and reverse primers sequence for real time PCR

tissue in STZ-induced DCM when compared with normal
control group.

Treatment with insulin, R.E or hesperidin to STZ-induced
DCM in rats exhibited a significant downregulation of miR-
29 and miRNA130b-3p gene expression as compared with
untreated group. With highest downregulation of miR-29 in
(G3) as compared with (G4) and (G5). However,
miRNA130b-3p showed highest downregulation in (G3) and
(G5) as compared with (G4).

Table 4 Effect of insulin, rosemary extract or hesperidin treatment on cardiac
tissue miRNA-29 and miRNA130b-3p gene expressions of STZ-induced
diabetic cardiomyopathy in rats.

Animal groups miRNA-29 miRNA130b-3p
Fold change +SEM Fold change +SEM
Control Normal (G1) 1.00 +0.07¢ 1.00 + 0.06¢
DCM (G2) 2493 +1.57% 6.54 +0.32%
DCM + Insulin (G3) 3.03+0.15° 2.51+0.11°
DCM + R.E. (G4) 14.42 +0.73° 4.76 +0.18°
DCM + HES (G5) 14.72 + 0.76° 2.62 +0.12°

Data are presented as (Mean + SEM). SEM = Standard error mean. Mean values with
different superscript letters in the same column are significantly different at (P<0.05).

Gene Primer sequence (/5 ------ '3)

miRNA29a TAGCACCATCTGAAATCGGTTA 30

miRNA130b-3p CAGTGCAATGATGAAAGGGCAT -

[S]5} TGACACGCAAATTCGTGAAGCGTTC = f

Universal reverse primer CCAGTCTCAGGGTCCGAGGTATTC § 25

. . ; 20
2.7. Statistical analysis: &
Means and SEM were used to express all the data. One-way = 1 =
analysis of variance (ANOVA) was used to assess the 20
statistical significance, and Duncan's multiple range test was =
used to get individual comparisons (DMRT). SPSS, version £ 5
18.0 software was used. When P< 0.05, values were deemed R N . - .
statistically significant (Steel et al., 1997).
y sig ( ) ¢ ¢ @ & @

3. RESULTS

A significant increase in blood glucose concentration was
observed in STZ-induced DCM when compared with
normal control group (Table 3 and Figure 1).

Treatment with insulin, rosemary extracts or hesperidin to
STZ-induced DCM in rats exhibited a significant decrease
in blood glucose concentration as compared with untreated
group. With highest decrease in insulin group (G3).

Table 3 Effect of insulin, rosemary extract or hesperidin treatment on blood
glucose concentration of STZ-induced diabetic cardiomyopathy in rats:
Animal groups

Control DCM DCM + DCM + DCM +
Parameter Normal Insulin R.E. HES
(G1) (G2) (G3) (G4) (G5)
Glucose 95.33 321.33 163.33 247.4 209.6
(mg/dl) +4.03¢ +9.198 +5.19¢ +7.32° +6.68°

Data are presented as (Mean *+ S.E.M). S.E = Standard error. Mean values with different
superscript letters in the same row are significantly different at (P<0.05).
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Fig. (1): Effect of insulin, rosemary extract or hesperidin treatment on blood
glucose concentration in experimental model of diabetic cardiomyopathy in
rats.

Table (4) and figures (2,3) showed a significant upregulation
of miR-29 and miRNA130b-3p gene expressions of cardiac
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Fig. (2): Effect of insulin, rosemary extract or hesperidin treatment on

miRNA-29 gene expression in experimental model of diabetic
cardiomyopathy in rats.
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Fig. (3): Effect of insulin, rosemary extract or hesperidin treatment on
miRNA130b-3p expression in experimental model of diabetic cardiomyopathy
in rats.

Table (5) and figures (4,5) showed a significant upregulation
of Endothelin-1 and HIF-1a. gene expression in STZ-
induced DCM when compared with normal control group.
However, Treatment with insulin, rosemary extracts or
hesperidin to STZ-induced DCM in rats exhibited a
significant downregulation of Endothelin-1 gene expression
as compared with untreated group. While treatment with
insulin, R. E. or hesperidin significantly induces
upregulation in HIF-1a as compared with non-treated group
with highest increase in (G3).

Table 5 Effect of insulin, rosemary extract or hesperidin treatment on cardiac

tissue ET-1 and HIF-la gene expressions of STZ-induced diabetic
cardiomyopathy in rats.

Animal groups ET-1 HIF-1a

Fold change +SEM Fold change +SEM
Control Normal (G1) 1.00 + 0.06° 1.00 +0.07¢
DCM (G2) 8.06 + 0.37 1.38 £0.1¢
DCM + Insulin (G3) 2.77 £ 0.09¢ 6.59 + 0.26°
DCM + R.E. (G4) 5.98 +0.27° 3.20 £0.14¢
DCM + HES (G5) 3.86 +0.15° 5.06 +0.21°

Data are presented as (Fold chain Mean + S.E). S.E = Standard error. Mean values with
different superscript letters in the same column are significantly different at (P<0.05)
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Fig. (4): Effect of insulin, rosemary extract or hesperidin treatmenton ET-
1 expression in experimental model of diabetic cardiomyopathy in rats.
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Fig. (5): Effect of insulin, rosemary extract or hesperidin treatment on  HIF-
la expression in experimental model of diabetic cardiomyopathy in rats.

Table (6) and figure (6) showed a significant global hyper
methylation in STZ-induced DCM when compared with
normal control group. However, Treatment with insulin,
rosemary extracts or hesperidin to STZ-induced DCM in rats
exhibited a significant global hypomethylation as compared
with untreated group with highest level in (G3).

Table 6 Effect of insulin, rosemary extract or hesperidin treatment on Global DNA
methylation level (5-mC %) of STZ-induced diabetic cardiomyopathy in rats:

Animal groups DNMT

Control Normal (G1) 1.11+0.07¢
DCM (G2) 3.25+0.12°
DCM + Insulin (G3) 1.52 +0.09¢
DCM + R.E. (G4) 2.38 +0.09°
DCM + HES (G5) 1.96 +0.08°

Data are presented as (Mean * S.E). S.E = Standard error. Mean values with different
superscript letters in the same column are significantly different at (P<0.05).
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Fig. (6): Effect of insulin, rosemary extract or hesperidin treatment on global
DNA methylation level (5-mC %) in experimental model of diabetic
cardiomyopathy in rats.
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4. DISCUSSION

Diabetes mellitus results in heart's structural, functional, and
regulatory remodeling, which is where DCM first appears.
Various renovation stages, including the early, advanced,
and late stages, have been proposed (Chavali et al., 2013).
In the early stages of DCM, myocardial systolic function and
structure are not significantly altered in conjunction with
metabolic abnormalities including hyperglycemia and
insulin resistance (Adeghate and Singh, 2014). However,
magnetic resonance imaging (MRI) and echocardiography
are able to identify poor myocardial relaxation. Initial signs
of DCM include worsening deficiencies in relaxation and
heart stiffness, as well as increased atrial filling and
decreased early diastolic filling (Falcao and Leite, 2012).
The loss of myocardial blood flow reserve as a result of
impaired insulin signaling can be detected utilizing a variety
of imaging modalities (Ernande and Derumeaux, 2012).
The collected results showed that the glucose level in control
group increased significantly. These outcomes resemble
those were obtained by Mestry et al. (2017) They found that
8 weeks after induction, STZ treatment significantly raised
the serum glucose level in the diabetes group compared to
the normal control group. The injection of STZ was found to
increase blood glucose in numerous reputable recent
investigations (He et al., 2018).

When compared to the DCM non-treated group, treatment
with rosemary extract considerably reduced the serum
glucose concentration. These results were consistent with
Bakirel et al., (2008), who linked the anti-diabetic properties
of numerous Labiatae species, including rosemary, to their
essential oils, which contain mono sesquiterpenes, phenolic
compounds, and flavonoids with hypoglycemic properties
(caffeic acid and rosmarinic acid concentration). When
compared to the DCM non-treated group, treatment with
hesperidin  dramatically  lowered  serum  glucose
concentration in STZ-induced DCM in rats. This outcome is
consistent with that of Akiyama et al., 2010 who used rats
with type 1diabetes to show that hesperidin can lower blood
sugar. The high glucose level in STZ-induced DCM in rats
was dramatically reduced in the current study when treated

with  insulin, rosemary extract, and hesperidin,
demonstrating the anti-hyperglycemic efficacy of these
compounds.

In STZ-induced DCM, there was a notable increase of the
miR-29 and miRNA130b-3p gene expressions. This
outcome was consistent with Fernando et al. (2021), who
stated that mir-29a was the most often reported miRNA in
hypertrophic cardiomyopathy (HCM), was mostly expressed
in upregulated, and was associated with both fibrosis and left
ventricular (LV) hypertrophy as determined by transthoracic
echocardiogram (TTE). Because miRNAs can be quantified
in blood serum, a valuable biomarker candidate, the study of
miRNAs in cardiovascular illnesses has expanded during the
past few decades (Barwari et al., 2016). The creation of
extracellular matrix proteins and apoptotic processes are
connected to the mir-29a (Bargaje et al., 2012). Mir-29a was
linked to sudden cardiac death in patients with coronary
artery disease in a major experiment, likely because of its
connection to fibroblast activation (Silverman et al., 2020).
The connection between mir-29a and fibrosis and
hypertrophy in HCM may imply that several processes have
a common biological base and pathogenic pathways
(Olivotto et al., 2015). In rats treated with insulin, R.E., or
hesperidin for STZ-induced DCM, DNMT activity was
significantly downregulated. This outcome is consistent
with Tian et al.,, (2021) who claimed that hesperidin
increased the expression of miR-149 by lowering the degree
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of DNMT1-mediated promoter methylation. Hesperidin has
also been discovered to be a DNA hypomethylating agent
that modifies the patterns of gene expression (Fernandez et
al., 2017). Hesperidin, for example, could increase SFRP2
expression in adjuvant arthritic rats by lowering DNMT1
(Liu etal., 2017).

The expression of ET-1 and its receptors, as well as their
functional consequences, are noticeably changed as
cardiovascular illnesses progress. It was shown that
oxidative stress increased the production of ET-1 and
autocrine ET-1 activity in vascular smooth muscle cells,
which may be a mechanism contributing to endothelial
dysfunction (Ruef et al., 2001). Additionally, ET-1
overexpression has been observed in individuals with
oxidative stress-related illnesses as type Il diabetes, central
obesity, and hypertension (Chuang et al., 2012). Contrary to
the control group, insulin, R. E., or hesperidin treatment to
STZ-induced DCM in rats suppresses strain-induced
endothelin (ET)-1 secretion. These findings were consistent
with the theory that rosmarinic acid administration improves
endothelial function and remodeling via reducing ET-1
production and receptor-mediated effects. Extracellular
signal-regulated kinase (ERK) activation has been shown to
be redox sensitive (Fujisaw et al., 2002) also showing that
reducing ROS prevents strain-induced ET-1 gene expression
(Liu et al., 2003). Therefore, the capacity of hesperidin to
reduce ROS generation may be one explanation for its
inhibitory effect on strain-induced ET-1 expression in the
current investigation. There have been claims that hesperidin
has antioxidant properties (Cypriani et al., 1993). Fraga et
al., (1987) reported that hesperidin's anti-oxidant and free
radical-scavenging properties may be responsible for this
action, which supported the antioxidant activity of
hesperidin against cyclic strain-induced ROS generation.

In comparison to the untreated group, treatment with insulin,
R. E., or hesperidin dramatically increases HIF-1 activation.
This agreed with Caroline et al. (2002), who made that
report; Insulin encourages the controlled component HIF-1
to build up in retinal pigment epithelia (ARPE-19) cells that
have arisen on their own. The activity of the transcription
factor HIF-1 is directly associated with an increase in HIF-1
expression. In fact, they demonstrate that insulin causes
elevated HIF-1 protein levels, increased HIF-1 DNA binding
activity, and boosted transcription of HIF-1-mediated
reporter genes. During hypoxia or ischemia, the activation
of HIF-1 in endothelial cells is equally important for the
eventual recovery of the heart. By increasing the production
of angiogenic factors, HIF-1 mediates the angiogenic
response to hypoxia in addition to having metabolic oxygen
sparing effects on the endothelium.

5. CONCLUSION

In conclusion, the pathophysiology of complex diseases like
diabetes is increasingly being linked to epigenetic
mechanisms. The results of the current investigation have
demonstrated that DNA methylation and histone
modifications play a significant role in the regulation of
numerous genes related to diabetes. In STZ-induced diabetic
rats, treatment with hesperidin and rosemary extract
decreased DCM due to their anti-inflammatory, antioxidant,
and anti-apoptotic properties. To determine the precise
mechanisms underlying the preventive effect of hesperidin
and rosemary extract, more in-depth research is needed.

5. REFERENCES
1. Abdul-Rahim, A. and Taha, A., 2011. Effects of Rosemary
(Rosmarinus officinalis) on lipid profile of diabetic rats. Indian
Journal of Experimental Biology, 37. 124-130

35

2. Adeghate E and Singh J., 2014. Structural changes in the
myocardium during diabetes-induced cardiomyopathy. Heart
Fail Rev.; 19.15-23.

3. Akiyama S.; Katsumata S.; Suzuki K.; Ishimi Y.; Wu J. and
Uehara M., 2010. Dietary hesperidin exerts hypoglycemic and
hypolipidemic effects in streptozotocin-induced marginal type
1 diabetic rats. J. Clin. Biochem. Nutr.; 46.87-92.

4. Al Hroob A.M.; M.H. Abukhalil; R.D. Alghonmeen and A.M.
Mahmoud, 2018. Ginger alleviates hyperglycemia-induced
oxidative stress, inflammation and apoptosis and protects rats
against diabetic nephropathy, Biomed. Pharmacother. 106.
381-389.

5. Amel B., 2013. Traditional treatment of high blood pressure
and diabetes in Souk Ahras District. J Pharmacogn Phytother
5.12-20.

6. Bakirel, T.; Bakirel, U.; Keles, O.U; Ulgen, S.G. and Yardibi,
H., 2008. In vivo assessment of antidiabetic and antioxidant
activities of Rosemary (Rosmarinus officinalis) in alloxan
diabetic rabbits. J. Ethnopharmacol., 116. 64-73.

7. Bancroft, J.D. and Gamble, M., 2008. Theory and Practice of
Histological Techniques. 6th Edition, Churchill Livingstone,
Elsevier, China.

8. Bargaje R.; S. Gupta; A. Sarkeshik; R. Park; T. Xu; M. Sarkar;
M. Halimani; S.S. Roy; J. Barwari; T. A. Joshi and M. Mayr.,
2016. MicroRNAs in cardiovascular disease, J. Am. Coll.
Cardiol. 68. 2577-2584

9. Caroline Treins; Sophie Giorgetti-Peraldi; Joseph Murdaca;
Gregg L. Semenza and Emmanuel Van Obberghen., 2002.
Insulin  Stimulates Hypoxia-inducible Factor 1 through a
Phosphatidylinositol 3-Kinase/Target of Rapamycin-dependent
Signaling Pathway. The journal of biological chemistry. 277
(31). 2797527981,

10.Chavali V; Tyagi SC and Mishra PK., 2013. Predictors and
prevention of diabetic cardiomyopathy. Diabetes Metab Syndr
Obes.; 6.151-160.

11.Chuang T.Y., et al., 2012. Potential effect of resistin on the ET-
l-increased reactions of blood pressure in rats and Ca2R
signaling in vascular smooth muscle cells. J Cell Physiol; 227.
1610-1618.

12.Cui L et al.,, 2012. Abietane diterpenoids of Rosmarinus
officinalis and their diacylglycerol acyltransferase-inhibitory
activity. Food Chem 132.1775-1780

13.Cypriani B; Limasset B; Carrie ML et al., 1993. Antioxidant
activity of micronized diosmin on oxygen species from
stimulated human neutrophils.  Biochem.  Pharmacol.
45(7).1531-5.

14.Ernande L and Derumeaux G., 2012. Diabetic cardiomyopathy.
myth or reality? Arch Cardiovasc Dis.; 105. 218-225.

15.Falcao-Pires | and Leite-Moreira AF., 2012. Diabetic
cardiomyopathy; understanding the molecular and cellular
basis to progress in diagnosis and treatment. Heart Fail Rev.
17.325-344.

16.Fernandez-Bedmar Z; Anter J; Alonso-Moraga A; de Martin
Las Mulas J; Millan-Ruiz Y. and Guil-Luna S., 2017.
Demethylating and anti-hepatocarcinogenic potential of
hesperidin, a natural polyphenol of Citrus juices. Mol
Carcinogenesis. 56(6).1653— 1662.

17.Fernando Luis Scolari; Lucas Simonetto Faganello; Henrique
lahnke Garbin; Beatriz Piva e Mattos and Andreia Biolo., 2021.
A systematic review of microRNAs in patients with
hypertrophic  cardiomyopathy. International journal of
cardiology 327.146-154

18.Fraga CG; Martino VS; Ferraro GE; Coussio JD and Boveris
A., 1987. Flavonoids as antioxidants evaluated by in vitro and
in situ liver chemiluminescence. Biochem. Pharmacol.; 36.
717-20.

19.Fujisaw S; Ishihara M and Kadoma Y., 2002. Kinetic
evaluation of the reactivity of flavonoids as radical scavengers.
SAR QSAR Environ. Res. 13. 617-27.

20.He KQ; Li WZ; Chai XQ; Yin YY; Jiang Y and Li WP., 2018.
Astragaloside 1V prevents kidney injury caused by iatrogenic
hyperinsulinemia in a streptozotocin induced diabetic rat
model. Int J Mol Med; 41.1078-1088.

21.Li, W.;Li, Z.;Li, S.;Wang, X.;Wilson, J. X. and Huang, G.,
2018. Periconceptional folic acid supplementation benefit to
development of early sensory-motor function through increase
DNA methylation in rat offspring. Nutrients. 10 (3).292.



Hussein et al. (2022)

BVMJ 42 (2): 31-36

22.Liu JC; Chen JJ; Chan P; Cheng CF and Cheng TH., 2003.
Inhibition of cyclic strain-induced endothelin-1 gene
expression by resveratrol. Hypertension; 42. 1198-1205.

23.Liu Y; Sun Z; Xu D; Liu J; Li X; Wu X, et al., 2017. Hesperidin
derivative-11 inhibits fibroblast-like synoviocytes proliferation
by activating Secreted frizzled-related protein 2 in adjuvant
arthritis rats. Eur J Pharmacol.; 794.173-83.

24.Martynyuk L; Martynyuk L; Ruzhitska O and Martynyuk O.,
2014. Effect of the herbal combination Canephron N on
diabetic nephropathy in patients with diabetes mellitus. results
of a comparative cohort study. J Altern Complement Med 20.
472-478.

25.Mestry SN; Dhodi JB; Kumbhar SB and Juvekar AR., 2017.
Attenuation of diabetic nephropathy in streptozotocin-induced
diabetic rats by Punica granatum Linn. leaves extract. J Tradit
Complement Med; 7.273-280.

26.0livotto I.; G. D’ Amati; C. Basso; A. Van Rossum; M. Patten;
M. Emdin; Y. Pinto; B. Tomberli; P.G. Camici and M. Michels,
2015. Defining phenotypes and disease progression in
sarcomeric cardiomyopathies. contemporary role of clinical
investigations, Cardiovasc. Res. 105. 409-423

27.0thman A.l;; M.R. El-Sawi; M.A. El-Missiry and M.H.
Abukhalil, 2017. Epigallocatechin-3- gallate protects against
diabetic  cardiomyopathy  through ~ modulating  the
cardiometabolic risk factors, oxidative stress, inflammation,
cell death and fibrosis in streptozotocin-nicotinamide-induced
diabetic rats, Biomed. Pharmacother. 94. 362-373.

28.Parhiz H.; Roohbakhsh A.; Soltani F.; Rezaee R. and Iranshahi
M., 2015. Antioxidant and anti-inflammatory properties of the
citrus flavonoids hesperidin and hesperetin. An updated review
of their molecular mechanisms and  experimental
models. Phytother. Resz; 29.323-331.

29.Peixoto and A. Bentes Figueiredo, 2016. Present insights on
cardiomyopathy in diabetic patients, Curr. Diabetes Rev. 12.
384-395.

30.Pires Das Neves RN; Carvalho F; Carvalho M, et al., 2004.
Protective activity of hesperidin and lipoic acid against sodium
arsenite acute toxicity in mice. Toxicol Pathol 32. 527-35.

31.Pordzik J, Jakubik D, Jarosz-Popek J, Wicik Z, Eyileten C, De
Rosa S. et al., 2019. Significance of circulating microRNAs in
diabetes mellitus type 2 and platelet reactivity. bioinformatic
analysis and review. Cardiovasc Diabetol 18, 113 (2019).

32.Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Ma X,
Macdonald PE, et al., 2004. A pancreatic islet-specific
microRNA regulates insulin secretion. Nature.;432(7014).
226-30.

33.Rajesh M.; P. Mukhopadhyay; S. Bétkai; V. Patel; K. Saito; S.
Matsumoto; Y. Kashiwaya; B. Horvéth; B. Mukhopadhyay and
L. Becker, 2010. Cannabidiol attenuates cardiac dysfunction,

36

oxidative stress, fibrosis, and inflammatory and cell death
signaling pathways in diabetic cardiomyopathy, J. Am. Coll.
Cardiol. 56. 2115-2125.

34.Ramanathan, M.; Jaiswal, A.K. and Bhattacharya, S.K., 1999.
Superoxide dismutase, catalase jand glutahiones peroxidase
activities in the brain of streptozotocin induced diabetic rats.
Indian. J.Exp.Biol.; 37. 182-183

35.Ruef J., et al. (2001). Induction of endothelin-1 expression by
oxidative stress in vascular smooth muscle cells. Cardiovasc
Pathol; 10. 311-315.

36.Shiju Thomas Michael; Rajesh Nachiappa Ganesh & Pragasam
Viswanathan., 2012. Effect of long acting insulin
supplementation on diabetic nephropathy in Wistar rats. Indian
J of Exp Biology 50. 867-874

37.Shukla GC; Singh J and Barik S., 2011. MicroRNAs;
processing, maturation, target recognition and regulatory
functions. Mol Cell Pharmacol.;3(3).83-92.

38.Silverman M.G.; A. Yeri; M.V. Moorthy; F. Camacho Garcia;
N.A. Chatterjee; C.S.A. Glinge; J. Tfelt-Hansen; A.M.
Salvador; A.R. Pico; R. Shah; C.M. Albert and S. Das, 2020.
Circulating miRNAs and risk of sudden death in patients with
coronary heart disease, JACC Clin. Electrophysiol. 6. 70—79

39.Soares Felicio J.; C. Cavalcante Koury; C. Tavares Carvalho; J.
Felicio Abrahdo Neto; K. Barbosa Miléo; T. Pontes Arbage; D.
Dias Silva; A. Ferreira de Oliveira; A. Soares Steel R; Torrie J
and Dickey D., 1997. Principles and procedures of Statistics. A
Biometrical Approach, 3rd ed, McGraw-Hill, New York, NY.

40.Tian Miao; Yu-Bo Han; Cheng-Cheng Zhao; Li Liu and Fu-Li
Zhang, 2021. Hesperidin alleviates insulin resistance by
improving HG-induced oxidative stress and mitochondrial
dysfunction by restoring miR-149. Diabetol Metab Syndr 13.
50

41.Tietz, N.W. ed., 1995. Clinical guide to laboratory tests. 3rd ed.
Philadeiphia.WB Saunders; 268-273.

42.Visnagri A., Kandhare A.D., Chakravarty S., Ghosh P. and
Bodhankar S.L., 2014. Hesperidin, a flavanoglycone attenuates
experimental diabetic neuropathy via modulation of cellular
and biochemical marker to improve nerve functions. Pharm.
Biol.; 52.814-828.

43.Yates, B. Pillai, 2012. Identification of novel targets for miR-
29a using miRNA proteomics, PL0oS One. 7.e432432012.

44.Yilmaz, S.; Canpolat, U.; Aydogdu, S. and Abboud, H. E.,
2015. Diabetic Cardiomyopathy; Summary of 41 Years.
Korean Circ J 45, 266-272.

45.Zhang L.; Y. Mao; J. Pan; S. Wang; L. Chen and J. Xiang, 2017.
Bamboo leaf extract ameliorates cardiac fibrosis possibly via
alleviating inflammation, oxidative stress and apoptosis,
Biomed. Pharmacother. 95. 808-817.



