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Abstract

Introduction: Many researchers have indicated that
Oleuropein (OLE) has potential ability to decrease oxida-
tive stress and inflammation. As a result, our current study
aimed to examine the protective impact of Oleuropein (OLE)
against D-Galactose (D-Gal)-induced heart aging in rats
model.

Methods: In the present study, 40 Wister male adult rats
were categorized into 5 groups. The first group was given
distilled water and the second group was given D-Gal at a
dose of 100 mg/kg/ip. The rats in groups 3 to 5 were orally
administered D-Gal (100 mg/kg) once a day. Additionally,
these groups were simultaneously subjected to different
doses of OLE (20, 40 and 80 mg/kg, respectively) through
oral administration. All administrations were done once a
day for 8 consecutive weeks. 24 hours after last treatment
the rats were sacrificed andserum and heart samples were
collected for evaluating biochemical serum markers of heart
damage (AST, LDH, cTnl and CK-MB), oxidative stress (MDA,
PC, GSH, GPX, CAT and SOD), gene expression (SIRT1 and
PGC1) and histopathological observations.

Results: The findings indicated that D-Gal significantly re-
duced the GPx, CAT and SOD activities, GSH level as well as
SIRT1 and PGC1 expression in the heart tissue (P < 0.05). (P
< 0.05). Also, D-Gal, significantly increased PC and MDA lev-
els and serum cardiac markers (CK-MB, LDH, AST and cTnl)
(P<0.05). Administration of OLE restored all of the above pa-
rameters close to control group.

Conclusion: The results of the present study showed that
OLE dose-dependently reduced heart lesions caused by D-
Gal. The authors suggest that OLE exerts this protective ef-
fect through reducing oxidative damage.
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Introduction

Aging is a complex process with internal and physiological
changes that occur over time in the body [1]. This is a complex
biological phenomenon that over time gradually reduces the
efficiency of many physiological functions of the body and the
body’s homeostasis capacity, and harmful substances accumu-
late in the cell, increasing vulnerability and impaired physical
function. With age, there is a decrease in testosterone secre-
tion, a decrease in the body’s antioxidant defense system, an
increase in apoptosis and an increase in the level of free radicals

[2].

The phenomenon of aging affects various organs of the body,
including the cardiovascular system. Various factors such as en-
vironmental conditions and nutrition have a great impact on
the process. About 100,000 people in the world die every day
due to age-related problems [3].

Various theories have been suggested regarding aging. Some
of the most popular ones include programmed aging theory,
free radical theory, and immunological theory. The programmed
aging theory suggests that aging is genetically predetermined
and occurs according to a fixed biological timetable. The free
radical theory suggests that as the body gets older, its capacity
to counteract free radicals decreases and aging is caused by ac-
cumulated damage to cells and tissues induced by free radicals
[5]. This hypothesis suggests that with aging, excessive produc-
tion of reactive oxygen species and nitrogen species can dam-
age important cellular components such as DNA, lipid mem-
branes, and proteins, and produce harmful byproducts such as
malondialdehyde and protein carbonyl, and ultimately, these
byproducts can lead to intracellular damage and cellular dys-
function [5,6]. Two main factors contribute to oxidative stress
in aging, which include decreased availability of antioxidant nu-
trients and excessive production of oxidation byproducts from
biological compounds [7]. Under normal circumstances, these
reactive species are balanced out by antioxidant enzymes like
Superoxide Dismutase (SOD), catalase and Glutathione Peroxi-
dase (GPx) [5,8]. With increasing age, the antioxidant enzymes
become less effective and are unable to counteract the exces-
sive production of free radicals. This results in damage to cells
and the onset of DNA mutations in both mitochondria and the
nucleus [9].

Other factors that play a role in the aging process include
Siirtoins and PGC1 proteins. Siirtoins are class Il proteins of a
family of histone deacetylase enzymes that catalyze hydroly-
sis of histone acetylated end, deform chromatin, produce het-
erochromatin, and thus inhibit transcription of Mitochondrial
pathway-dependent cell death genes such as P53. Among the
Sirtuins, Sirtuinl (SIRT1) in the heart tissue by mechanism,
Peroxisome Proliferator-Activated Receptor-Gamma Coactiva-
tor (PGC-1a) and inhibition of Nuclear Factor Kappa B (NF-kB)
increase mitochondrial biogenesis and resulting in NAD modu-
lating and increases cellular respiration. As a result, oxidative
stress decreases and telomere length increases [10].

D-Galis a sugar that is naturally produced in the body and has
a significant impact on the aging process and the pathogenesis
of some diseases. At normal concentrations, d-galactokinase
and galactose-L-phosphatase uridyltransferase can effectively
metabolize this sugar. However, at high concentrations, this
sugar can undergo conversion into both aldose and hydroper-
oxide through the process of galactose oxidase catalysis. This
conversion leads to the generation of superoxide anions and

oxygen-derived free radicals [11]. There are many hypotheses
that propose D-Gal may play a significant role in the aging pro-
cess. These hypotheses suggest that D-Gal may contribute to
the production of Advanced Glycation End Products (AGEs), as
well as the cessation of sugar metabolism. Furthermore, studies
have shown that the use of D-Gal can led to the generation of
free radicals, which can cause oxidative damage over time. This
damage can gradually lead to the development of age-related
disorders [3]. D-Gal accelerates aging and is widely used in ani-
mal models to study the mechanisms of aging and the effect of
drugs on these changes. Although D-Gal causes aging through
various mechanisms such as increased production of oxidants
and subsequent oxidative damage, but the molecular mecha-
nisms of the effect of this substance in causing aging remain un-
known [12]. Recently, people have become more aware of the
harmful effects of artificial drugs. In addition, it is believed that
natural remedy, especially plant-based medicines, are safer and
more sustainable than synthetic drugs, leading to an increasing
trend towards their use in medicine [13]. Polyphenols are a type
of chemical that naturally occur in plants, fruits, and vegeta-
bles. Among these phenolic compounds, those found in olive
fruit and leaves are particularly noteworthy due to their signifi-
cant pharmacological properties. These compounds have been
shown to possess a range of health benefits and are considered
to be one of the most important factors contributing to the
therapeutic potential of olive products [12]. Oleuropein (OLE) is
a naturally occurring phenolic compound that is primarily found
in the leaves and fruit of the olive tree. Additionally, the bit-
ter taste of the olive fruit is attributed to the presence of this
compound. Chemically, OLE is classified as a heterocyclic ester,
formed by the bonding of elenolic acid with 4,3-dihydroxyphe-
nyl ethanol [14]. Over the years, numerous studies have been
conducted to investigate the various physiological properties of
OLE. These studies have shown that OLE possesses a wide range
of therapeutic effects, including antioxidant, anti-inflammatory,
antimicrobial, antiviral, hypolipidemic, and hypoglycemic prop-
erties. In-vitro studies have demonstrated the ability of OLE
to scavenge free radicals, protect against oxidative stress, and
reduce inflammation. Additionally, in-vivo studies have shown
that OLE can help to lower blood sugar levels, improve lipid
metabolism, and reduce the risk of cardiovascular disease. Fur-
thermore, OLE has been shown to possess antiviral properties,
making it a potential treatment option for viral infections [14-
16]. Overall, the extensive research that has been carried out
on OLE highlights its potential as a natural remedy for various
health conditions and underscores the importance of further
research in this area [15]. Also, considering that aging is increas-
ing dramatically in the world and it is predicted that in the com-
ing decades, there will be more elderly people who suffer from
debilitating diseases, so the present study was conducted to
investigate the protective effect of OLE on D-Gal -induced aging
in the heart tissue.

Materials and methods
Chemical substances

Oleuropein (OLE) and d-galactose were prepared from Sig-
ma-Aldrich company (St. Louis, MO, USA). All other chemicals,
and reagents used in the current study were of analytical grade.

Animals

In this research, a total of 40 male Wistar rats were utilized.
The rats were procured from the animal house of Jundishapur
University of Medical Sciences, in Ahvaz, Iran. They had an aver-
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age weight of 220 +20 g and were between 8-10 months old.
The rats were housed in polypropylene cages and provided with
standard rat chow as well as water without any restrictions. The
living conditions were kept constant at a temperature of 23+2°C
with a humidity level of 40 - 50% and a 12-hour light-dark cycle.
The study was carried out following the guidelines provided by
the Animal Ethics Committee for the use of experimental ani-
mals.

Study design

For the current investigation, a total of 40 rats were random-
ly divided into 5 groups. The first group served as the control
and was given normal saline for 8 weeks. The second group re-
ceived D-Gal (100 mg/kg /IP) as a positive control for the same
duration. The treatment groups [3-5] were administered ELO
orally at doses of 20, 40, and 80 mg/kg, respectively, over the
course of 8 consecutive weeks in addition to D-Gal (100 mg/kg
/IP) for 8 weeks.

Sample collection

After a period of 24 hours from the last administration, the
animals underwent anesthesia by means of a combination of
ketamine and xylazine (80/8 mg/kg, i.p.). Blood samples were
obtained from rats by puncturing the left ventricle of the heart.
Following this, the animals were sacrificed and their chest cavi-
ties were opened, allowing for removal of the heart which was
then weighed immediately. A portion of the heart tissue was
dedicated to conducting histological studies, while the other
was preserved at -80°C to facilitate various biochemical and
gene expression tests. Blood samples subjected to centrifuga-
tion at 3000 rpm for 10 minutes to obtain serum. The serum
samples were stored at -20°C for further analysis of biochemi-
cal parameters.

Serum analyses

Serum samples were used to measure biomarkers of cardiac
dysfunction. The activity of Creatine Kinase-MB (CK-MB) was
determined utilizing Bishop’s method [17]. The level of Cardiac
Troponin | (cTnl) was measured by utilizing the Rat ELISA Kit
and following the instructions provided by the manufacturer
(MyBioSource, San Diego, USA; Catalog number: MBS727624).
Additionally, Parsazmon kit was employed to measure Lactate
Dehydrogenase (LDH) and Aspartate Aminotransferase (AST).

Estimation of Tissue biochemical parameters

The heart tissue was homogenized thoroughly at a concen-
tration of 10% w/v in ice-cold 50 mM phosphate buffer (p" 7.4).
The homogenate was then subjected to centrifugation at 3,000
g for 15 minutes at a temperature of 4°C, and the resulting su-
pernatant was utilized to measure the oxidative stress biomark-
ers. Bradford method was used to determine the protein con-
centration [18].

Malondialdehyde (MDA) Assay

The level of lipid peroxidation in the heart tissue was mea-
sured manually by assessing the concentration of MDA and
evaluating the formation of Thiobarbituric Acid Reactive Sub-
stances (TBARS) [19]. Briefly, 1 ml of tissue homogenate (10%
w/v, in 50 mM phosphate buffer, p"7.4) was mixed with 0.5 ml
of 10% trichloroacetic acid, followed by centrifugation for 15
minutes. The resulting supernatant was mixed with 1 ml of TBA
(0.67%) and heated in a boiling bath for 30 minutes. After cool-
ing, the absorbance was read at 535 nm. The concentration of

MDA was calculated using tetraethoxypropane as the standard,
and the results were expressed as n mol/mg protein.

Protein carbonyl assays

To measure the Protein Carbonylation (PC), a sample of tis-
sue homogenate (0.5 mg protein/mL) was mixed with 0.5 mL of
1% DNPH in 2 N Hydrochloric Acid (HCI) and then incubated at
room temperature for 1 hour. To stop the reaction, 1 mL of 20%
TCA was added, causing the protein to precipitate and form a
pellet at the bottom. The protein was separated by centrifuga-
tion at 10000 rpm for 1 minute and the supernatant was re-
moved. The remaining unreacted DNPH was subjected to three
rounds of extraction using a 0.5 mL solution of ethanol and eth-
yl acetate in a 1:1 ratio. The retrieved cellular protein was dried
using nitrogen gas, and subsequently suspended in 1 mL of tris-
buffered 8 M guanidine—HClI, p"7.2. The resulting solubilized hy-
drazones were quantified by measuring the absorbance at 370
nm. Teraethoxypropane was used as a standard for calibration
and the final concentration of PCs was expressed as nmol/mg
protein [20].

GSH assay

Glutathione content was measured using Elman method
[21]. For this purpose, 200 pl of tissue homogenate was mixed
with 200 pl of phosphate buffer, followed by the addition of 40
pl of DTNB reagent (10 mM). After incubation for 20 minutes,
the absorbance of the yellow color complex was measured at
412 nm using an ELISA reader. A calibration curve was gener-
ated using a glutathione standard. The concentration of GSH in
the sample was then calculated from the calibration curve and
expressed in nmol/mg protein.

Measurement of Superoxide Dismutase (SOD), Catalase
(CAT) and Glutathione Peroxidase (GPx) activities

To measure the activity of SOD, CAT, and GPx, calorimetric
enzymatic assay kits from ZellBio (GmbH, Ulm, Germany) were
used. The activity of each enzyme was determined and ex-
pressed in units per mg of protein.

Measurement of SIRT1 and PGC1 genes expression

Heart tissues were kept at -80° C until evaluation SIRT1,
PGC1 and GAPDH genes expression. To measure the expression
of these genes, real-time PCR (polymerase chain reaction) was
used. The method involves several steps:

RNA extraction: Total RNAs were extracted from heart tis-
sues using RNX Plus™ solution (Cinnagen, Iran), following the
manufacturer’s protocol. The concentration of the isolated RNA
was determined by measuring the absorbance at 260 nm using
a NanoDrop ND-8000 spectrophotometer (NanoDrop Technolo-
gies in Wilmington, DE).

cDNA synthesis: The RNA is reverse transcribed into cDNA
using a reverse transcriptase enzyme and oligo-dT primers. In
this study cDNA synthesis was conducted as described by Han
et al [22].

Real-time PCR: The cDNA is amplified using specific prim-
ers for the SIRT1, PGC1 and GAPDH genes and a fluorescent
dye-based detection system. The PCR reaction was performed
in a real-time PCR machine (Rotor-Gene 6000 system, Corbett,
Concorde, NSW, Australia) using 5.5 uL Fermentas SYBR Green
Mastermix (Fermentas Life Sciences, St Leon-Rot, Germany),
which allows simultaneous amplification and detection of the
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PCR product. The melting curve analysis was performed for the
SIRT1, PGC1 genes, and GAPDH (as internal control gene). A sin-
gle peak was observed at the Melting Temperature (Tm) point
for all these genes, indicating a specific PCR reaction. This was
further confirmed by electrophoresis of the PCR products.

Data analysis: The real-time PCR data was analyzed using
following formula to determine the relative expression level of
the SIRT1 and PGC1 genes in the heart tissues. This was done
by comparing the Cycle Threshold (Ct) values of the SIRT1 and
PGC1 genes to the Ct values of a GAPDH gene.

R = E target gene ACt target gene / E internal control gene Act
internal control gene.

In this formula, the standard curve was drawn by the dilution
series for each gene, and relative expression of these genes was
calculated by the efficiency and ACT difference of the reference
genes and the target genes. Then the increase or decrease in
the treated sample was evaluated compared to the control. The
expression level of the SIRT1 and PGC1 genes reported as the
relative fold change compared to a reference gene (GAPDH).

Histopathological assessments

To prepare the heart tissues for histological examination,
they were first fixed in 10% formalin to preserve their structure.
The tissues were then dehydrated using a series of ethanol so-
lutions. The dehydrated tissue was embedded in paraffin wax,
and cut into thin sections of 5 um thickness using a microtome.
The sections were mounted onto glass slides and stained with
Hematoxylin & Eosin (H&E) dye. The stained sections were then
examined under a microscope to evaluate the tissue structure
and identify any pathological changes.

Ethics statement

This experimental study was approved by the research eth-
ics committee of Jundishapur University of Medical Sciences
in Ahvaz, Iran under the approval number (IR.AJUMS.ABHC.
REC.1400.004). The study was conducted in accordance with
the ethical standards for research.

Statistical analysis

Data analysis was performed using Graph Pad Prism software
version 5. The results were reported as Mean + SEM, and a one-
way ANOVA test was used to perform statistical comparisons.
Further analyses of the data were conducted using Turkey’s
post hoc analysis. Results with a P-value less than 0.05 were
considered to be statistically significant.

Results

The effect of OLE on the serum biomarkers of cardiac func-
tion in rats exposed to D-Gal.

In our study, D-Gal adverse effect was evaluated in several
aspects. Measurement of serum marker of cardiac function
showed that the levels of LDH, AST, CK-MB and cTnl were sig-
nificantly increased in the D-Gal group in comparison to the
control group (all p< 0.05) (Figure 1). Administration of OLE
reduced these markers (LDH, AST, CK-MB and cTnl) in a dose
dependent manner, which reflecting cardioprotective effect of
OLE on heart tissue in D-Gal -treated rats (Figure 1).

CK-MB (UIL)
Troponin | (ng/mi)

OLE20 OLE40  OLE8O0

ST
D-Gal  OLE20 OLE40  OLES0

D-Gal

LDH (U/L)
AST (UIL)

D-Gal D-Gal

Figure 1: Treatment Effects of OLE on the markers of cardiac
dysfunction (AST, LDH, CK-MB and ¢ Tnl), 24 hours after the last
intervention. Group | received normal saline for 8 weeks; Group
Il (induction control) was given D-Gal (100 mg/kg/ip) for 8 weeks.
Group lll =VI was given oral deses of 20, 40 and 80 mg/kg of OLE,
respectively for 8 weeks, simultaneously with D-Gal administration
(100 mg/kg/ip).

Each value represents means * S.E.M. of 8 mice per group.

*: Significantly different from the control group (*: P < 0.05, **: P
<0.01, ***: P <0.001)

#: Significantly different from the D-Gal group (#: P < 0.05, ##: P <

0.01, ###: P <0.001)
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Figure 2: Treatment Effects of OLE on the antioxidant biomark-
ers (Glutathione Peroxidase (GPX), Superoxide Dismutase (SOD)
activity, Catalase (CAT) and Glutathione (GSH) in heart tissue, 24
hours after the last intervention. Group | received normal saline for
8 weeks; Group Il (induction control) was given D-Gal (100 mg/kg/
ip) for 8 weeks. Group Il =VI was given oral deses of 20, 40 and 80
mg/kg of OLE, respectively for 8 weeks, simultaneously with D-Gal
administration (100 mg/kg/ip).

Each value represents means + S.E.M. of 8 mice per group.

*. Significantly different from the control group (*:P <0.05,**:P
<0.01, ***:P <0.001).

#: Significantly different from the D-Gal group (#:P <0.05,##:P
<0.01, ###:P <0.001).
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The effect of OLE on the oxidative stress biomarkers in
heart tissue of rats exposed to D-gal.

The results of oxidative stress factors (MDA, GSH, PC and
SOD, CAT and GPx activity) for evaluation the effects of OLE in
rat heart tissue are shown in Figure 2 and 3.

Examination of MDA and PC in different groups showed that
by the end of the 8 weeks there was a significant increase in
the MDA and PC in D-Gal group compared to the control group,
(Figure 2). Administration of OLE decreased MDA and PC, in a
dose dependent manner, compared to D-Gal group.

Regarding MDA, this reduction was significant in all doses of
OLE, but in the case of PC, this reduction was significantly differ-
ent from the D-Gal group only in the group five (P < 0.05).

GSH level, CAT, SOD and GPx activities were also studied for
evaluating oxidative stress. The findings showed that the GSH
level and activities of CAT, SOD and GPx in D-Gal group decrease
significantly as compared with the control group (P < 0.05). In
the treatment groups, which given different doses of OLE, GSH
level, CAT, SOD and GPx activities were increased compared to
D-Gal group. This elevation had a dose dependent manner, and
the highest increase in these parameters were observed in the
group 5 (P <0.01).

PC content (nmol/mg protein)

MDA levels (nmol/mg protein)

OLE40

D-Gal D-Gal

Figure 3: Treatment Effects of OLE on the oxidative stress bio-
markers (Malondialdehyde (MDA) and carbonyl protein (PC)) in
heart tissue, 24 hours after the last intervention. Group | received
normal saline for 8 weeks; Group Il (induction control) was given D-
Gal (100 mg/kg/ip) for 8 weeks. Group Il =VI was given oral deses
of 20, 40 and 80 mg/kg of OLE, respectively for 8 weeks, simultane-
ously with D-Gal administration (100 mg/kg/ip).
Each value represents means * S.E.M. of 8 mice per group.
*: Significantly different from the control group (*: P <0.05, **: P
<0.01, ***: P <0.001)
#: Significantly different from the D-Gal group (#: P <0.05, ##: P
<0.01, ###: P <0.001)

The effect of OLE on the SIRT1 and PGC1 genes expression
in heart tissue of rats exposed to D-gal.

SIRT1 and PGC1 genes expression were also studied for
evaluating aging process in heart tissue (Figure 3). The results
showed that the expression of SIRT1 and PGC1 genes in the D-
Gal group has a significant decrease compared to the control
group (P < 0.001).

In the treatment groups which given different doses of OLE,
the expression of SIRT1 and PGC1 genes were increased com-
pared to the D-Gal group. The highest increase in these genes
expression were observed in the group 5, which was significant-
ly different from the D-Gal group (P < 0.01).

The effect of OLE on the histopathology of heart tissue of
rats exposed to D-Gal.

The results of histopathological examination showed that

in the control group, the tissue structure is completely normal
and no lesions were observed. In the group receiving D-Gal,
the amount of tissue damage is severe, such as bleeding, myo-
cardial irregularity, myofibrillar loss, and infiltration of inflam-
matory cells. In the group receiving D-Gal and 20 mg/kg OLE,
the amount of lesions is almost similar to the positive control
group. In the group receiving D-Gal and 40 mg/kg OLE, the
rate of bleeding damage, myocardial irregularity, myofibrillar
loss and infiltration of inflammatory cells was moderate. In the
group receiving D-Gal and 80 mg/kg OLE, the rate of bleeding
damage, myocardial irregularity, myofibrillar loss and inflamma-
tory cell infiltration was similar to the negative control group.

Discussion

Heart diseases are complex entities with heterogenous
pathophysiologic mechanisms. AST and LDH are enzymes that
are involved in energy metabolism and are found in high con-
centrations in the heart tissue. CK-MB is an enzyme that is spe-
cific to heart muscle, whereas cTnl is a protein that is found in
cardiac muscle and is involved in regulating muscle contraction.
When there is damage to the cardiac tissue, these enzymes and
proteins are released into the bloodstream, resulting in an in-
crease in their serum levels. Therefore, measuring the levels of
these enzymes and proteins in the blood can be used as a diag-
nostic tool for detecting heart dysfunction [23]. Administration
of D-Gal increases these cardiac markers in serum while co-ad-
ministration of OLE with D-Gal attenuated these disturbances.
It is worth mentioning that normalization serum levels of these
marker by OLE indicating protection of cardiac cells [24].

Oxidative stress is known to play a critical role in the devel-
opment and progression of age related cardiovascular disease
[25]. It occurs when there is an imbalance between the produc-
tion of Reactive Oxygen Species (ROS) and the ability of the body
to neutralize them with antioxidants. ROS are highly reactive
molecules that can damage proteins, lipids, and DNA, leading
to cellular dysfunction and tissue damage. In the cardiovascular
system, oxidative stress can cause damage to the endothelium,
the inner lining of blood vessels, and impair its ability to regu-
late blood flow and maintain vascular tone. This can lead to the
development of atherosclerosis, a condition characterized by
the buildup of plaque in the arteries. Oxidative stress can also
promote inflammation and contribute to the development of
hypertension, heart failure, and other cardiovascular disorders.
Additionally, oxidative stress can cause damage to cardiac cells,
leading to cell death and the release of enzymes and proteins
into the bloodstream, which can be used as markers of heart
dysfunction. Therefore, reducing oxidative stress has become
an important target for the prevention and treatment of cardio-
vascular disease [25,26].

Given the crucial role of oxidative stress in the aging process,
numerous studies have been conducted to examine the impact
of different antioxidant and anti-inflammatory compounds on
premature aging induced by d-galactose or other substances.
Therefore, neutralizing these free radicals can prevent damage
from this substance.

Mammalian bodies possess multiple antioxidant defense
mechanisms that aid in managing free radicals, maintaining
equilibrium between oxidants and antioxidants, and inhibit-
ing oxidative stress. Superoxide Dismutase (SOD), Glutathione
Peroxidase (GPx), and Catalase (CAT) are some of the key anti-
oxidant enzymes that the body uses to defend against oxidative
stress. Additionally, the body utilizes antioxidant compounds

Annals of Cardiology and Vascular Medicine



MedDocs Publishers

like glutathione, vitamin C, and vitamin E to neutralize the de-
structive effects of free radicals [27,28].

To confirm the effects of OLE in attenuating oxidative stress,
we measured some parameters related to oxidative stress, in-
cluding GSH, CAT, SOD and GPx activities as well as MDA and PC
levels in heart tissue.

PGC1 Expresion ( Fold cahange)
SIRT1 Expresion ( Fold cahange)

Increasing biomarkers such as MDA and PC and decreasing el el = R e
antioxidant enzymes such as SOD, GPx and CAT in some way —_— L —
indicates an oxidative damage [29]. Our findings showed that e e
aging in d-galactosegroup was associated with elevation in Figure 4: Treatment effects of OLE on the expression rate of
both MDA and PC content and reduction of GSH, CAT, SOD and SIRT1, PGC1 genes, in heart tissue, 24 hours after the last interven-
GPx activities. These findings indicated that intra peritoneal tion.
administration of D-Gal for 8 weeks increased oxidative stress Each value represents means + S.E.M. of 8 mice per group.
in the heart tissue of rats. These findings are consistent with *: Significantly different from the control group (*:P <0.05, **: P

other studies. In a similar study Yang et al. Showed that admin- <0.01,***: P <0.001)
istration of 150 mg/kg of D-Gal for 8 weeks increased oxida- #: Significantly different from the D-Gal group (#:P <0.05, ##:P
tive stress (decreased GSH and other enzymatic antioxidants <0.01, ###: P <0.001)

such as SOD) [30]. Moreover, studies of Fu et al. in 2018 [31],
Yang et al. in 2016 [30], and study by Coban et al. in 2015 [32].
Showed that subcutaneous administration of D-Gal for 8 weeks
increased oxidative stress in different tissues. Bo-Htay et al. Be-
lieved that D-Gal administration causes cardiac damage through
up regulation of the expression of senescence markers. In addi-
tion, they suggested that increased oxidative stress, decreased
antioxidant levels, and heightened apoptosis are some of the
mechanisms involved in promoting aging induced by D-Gal [33].
Concomitant administration of OLE by gavage for 8 weeks leads
to remarkable changes in tissue antioxidant status of heart and
its cause's elevation of GSH, CAT, SOD and GPx activities and re-
duction of MDA and PC content in treatment groups compared
to the group receiving D-Gal alone. These findings suggest that
the reduction in oxidative stress is likely due to increase of anti-
oxidant defense mechanisms. These results are similar to those
reported by other researchers [34].

In similar study Coban et al , evaluated the beneficial effect
of olive leaf extract on oxidative stress in major organs of aged
rats. Their findings indicated that the consumption of this ex-
tract can decrease oxidative stress in liver, heart and brain of
rats [34].

SIRT1 is a protein that belongs to the sirtu in family of pro-
teins. It is an enzyme that plays a role in regulating cellular pro-
cesses such as metabolism, DNA repair, and apoptosis. SIRT1 is
mainly involved in the regulation of the aging process, and has
been shown to be activated by caloric restriction and exercise.
Acnvlatlon of SIRT1 has been assc?c'ate_d with mcreas?d Ilfespan sue. The histhopalogical observation indicated that OLE in a dose
and improved health outcomes in animal models. Sirtl is also dependent manner reduced tissue damage and high concentra-
involved in various physiological and pathological processes, in- tions of this compound had best effect in D-Gal heart damage.
cluding inflammation, oxidative stress, and cancer. Therefore,
SIRT1 has gained significant attention as a potential therapeu-
tic target for various age-related diseases [35,36]. Our findings

Figure 5: Microscopic pictures (stained with Hematoxylin & Eo-
sin, magnification x 100) showing effects of OLE on the heart tis-

Table 1: Real time primers used in this study.

showed that D-Gal adrnml-stratlop res.ulted in down-.re.gulat!on Primer set Primer prob Product size
of SIRT1 gene expression in cardiac tissue. OLE administration
A, . . ) . F: ATGCTGGTGCTGAGTATGTC
resulted in significant expression of this gene in cardiac tissue. GAPDH-rat- 162 bp
This increase was significant in the groups receiving OLE at 40 R: AGTTGTCATATTTCTCGTGG
and 80 mg/kg. F:GCAACATGCTCAAGCCAAAC
PGCla 133 bp
These findings are consistence whit the finding of Ralph et al. R: TGCAGTTCCAGAGAGTTCCA
Their findings demonstrated that a moderate increase in Sirtl E-TACCTTGGAGCAGGTTGCAG
expression can provide protection to the heart against oxida- SSIRT1 147 bp

R: GACACCGAGGAACTACCTGATT

tive stress, while also promoting the expression of antioxidant
enzymes [37].
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PGC-1 a, or peroxisome proliferator-activated receptor
gamma coactivator 1-alpha, is a transcriptional coactivator that
plays a key role in regulating cellular energy metabolism. It is
involved in the regulation of mitochondrial biogenesis, oxida-
tive metabolism, and glucose homeostasis. PGC-1a is highly ex-
pressed in tissues with high energy demands, such as the heart,
skeletal muscle, and liver. It is activated by various stimuli, in-
cluding exercise, cold exposure, and fasting, and can induce the
expression of genes involved in energy metabolism. PGC-1a
has been shown to play a role in the pathogenesis of metabolic
disorders such as obesity, type 2 diabetes, and cardiovascular
disease. Therefore, it has become an attractive target for the
development of therapeutic interventions for these conditions
[38-40]. The result of present study indicated that administra-
tion of D-Gal causes down regulation of PGC-1a in heart tissue.
This reduction was significant compared to the control (healthy)
group. Co-administration of OLE with D-Gal for 8 weeks by ga-
vage increased PGC-1a gene expression, indicating a decrease
in the effect of d-galactose. This effect was more evident at a
dose of 80 mg/kg OLE.

Conclusion

The results of present study provide evidence to support
the theory that oxidative stress plays a significant role in age-
related heart dysfunction. Also these findings imply that the
beneficial effects of OLE in older animals may be attributed to
its ability to mitigate oxidative stress, which is a critical mecha-
nism for maintaining good health in aging animals. Since OLE
possesses antioxidant properties, it has probably been able to
reduce the harmful effects of D-Gal and tissue stress by scav-
enging free radicals and reducing oxidative stress. In addition,
OLE attenuates the age-associated decrease of SIRT1 and PGC1
gene expression in heart tissue.
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