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Abstract

Background: Cardiotoxicity is a serious side effect of
Doxorubicin (DOX), which is a very effective drug used in
the management of several malignancies. Oxidative stress is
thought to play the major role in DOX toxicity. Several
antioxidants such as vitamin E and anti-inflammatory sub-
stances like Olive Leaf Extract (OLE) used to attenuate DOX
toxicity.

Aim: This experimental study tests the hypothesis that,
co-administration of both Vit-E and OLE will have a synergistic
and/or additive effects, and that their concomitant use is better
than using either alone in alleviating DOX Induced Cardiac
Toxicity (DICT) in rats.

Material and Methods: For the first 2 weeks, 4 groups of
Wistar rats (n=8 in each) received intraperitoneal (i.p) DOX
(total 20mg/kg) injections (DOX groups). Three of them also
received either daily OLE: 500mg/kg BW or daily a-tocopherol
100mg/kg BW, or both for a period of 4 weeks. A control
group of rats that received only i.p. saline was also included.
All groups were tested for parameters of myocardial contrac-
tility and left ventricular function (LVDP, LVEDP and dp/dt
max), Aortic Pressure (AoP), markers of myocardial tissue
injury (cTnl, LDH, AST and ANP), and oxidative stress state
(MDA, GSH, GPx and SOD).

Results: Combined OLE and Vit-E therapy with DOX
improved Myocardial Contractility (MC), Left Ventricular
Functions (LVF) and reduces Aortic Pressure (AoP), it also
protected from DOX induced cardiac tissue injury and atten-
uated the accompanying oxidative stress state better than
either alone.

Conclusion: The results of the present study confirm the
beneficial effects of combined OLE and Vit-E therapy in
ameliorating DICT in rats.
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Introduction

DOXORUBICIN (DOX) is a very effective and
potent antineoplastic drug [1], which is used effec-
tively in the management of several solid and
hematological malignancies. Unfortunately, DOX
has many acute and cumulative dose-related side
effects such as hepatotoxicity, nephrotoxicity, and
importantly cardiotoxicity [2], in addition to its
adverse effects on the bone marrow and testis.
Cardiotoxicity ranges from transient electrocardi-
ographic changes to life-threatening cardiomyop-
athy, myocarditis, and heart failure that can be

ABBREVIATIONS:

ANP . Atrial Natriuretic Peptide.

AoP . Aortic Pressure.

AST . Aspartate Transaminase.

c¢Tnl : Cardiac Troponin I.

DICT : Doxorubicin-Induced Cardiotoxicity.

DOX : Doxorubicin.

dP/dt max : Maximum rate of left ventricular pressure rise

in early systole.

DTNB : 5,5 -Dithiobis-2-nitrobenzoic acid.

GPx : Glutathione Peroxidase.

GSH : Reduced Glutathione.

GSSG : Oxidized Glutathione.

LDH : Lactate Dehydrogenase.

LVEDP : Left Ventricular End-Diastolic Pressure.

LVDP : Left Ventricular Developed Pressure.

LVF : Left Ventricular Functions.

MC : Myocardial Contractility.

MTI : Myocardial Tissue Injury.

NADPH : Nicotinamide Adenine Dinucleotide Phosphate-
oxidase.

NO : Nitric Oxide.

OLE : Olive Leaf Extract.

0SS : Oxidative Stress State.

MDA : Malondialdehyde.

ROS : Reactive Oxygen Species.

SOD : Superoxide Dismutase.

Vit-E . Vitamin E.
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fatal. These side effects frequently restrict its use
3.

The mechanisms underlying the pathogenesis
of Doxorubicin-Induced Cardiotoxicity (DICT)
are not clearly understood. Many factors have been
proposed by previous studies including the produc-
tion of Reactive Oxygen Species (ROS) which
produce an Oxidative Stress State (OS S), calcium
overloading, mitochondrial dysfunction, alteration
in signaling of beta-adrenergic receptors, matrix
metalloproteinase enzyme activation, and cytokine
release due to activation of innate immune system
[4-8] . However, oxidative stress was reported by
most of these studies to play the major rolein DOX
toxicity [9,10] . This effect can be neutralized by
antioxidants such as a -tocopherol (Vit-E), and
consequently attenuate or prevent the harmful
effects of DOX [11,12] . Also, Olive Leaf Extract
(OLE) contains Oleuropein and other phenolics
such as hydroxytyrosol [13], which showed bene-
ficial anti-inflammatory properties, removal of
ROS, protective effects against oxidative injury of
myocardium, and suppression of 12—and 5 — lipox-
ygenase enzymes [14,15] .

Several available DOX analogues failed to
show a potent antineoplastic efficacy as compared
to DOX. So, we should do more work to develop
new strategies to attenuate the toxic effects of
DOX without interfering with its antineoplastic
properties [4] . Therefore, several studies have
demonstrated the protective effects of Vit-E, either
alone or combined to other antioxidants [11,16,17]
against DICT. Also, few ones have examined the
effects of Olive Leave Extract (OLE) as a natural
anti-inflammatory and antioxidant agent, in the
treatment/prevention of DOX toxicity [18-20] . TO
our knowledge, no previous study has addressed
the concomitant use of both OLE and Vit-E in the
prevention of DICT.

Therefore, the present study aimed to test the
hypothesis that co-administration of Vit-E and
OLE will have a synergistic and/or additive, and
their concomitant use is better than using either
alonein alleviating DICT in rats receiving DOX.
The degree of cardiotoxicity was examined both
physiologically by assessing the myocardial con-
tractility/left ventricular functions (MC/LVF) using
the langendorff perfusion technique and biochem-
ically by determining cardiac injury markers and
oxidative stress parameters.

Material and M ethods

The study was conducted in Aljouf University,
KSA starting from September 2017.

Synergistic Effect of OLE & Vit-E Preventing DICT

Chemicals:

- Adricin (Doxorubicin 50mg/25ml vial) was pur-
chased from EIMC United Pharmaceutical, Egypt.

- Vitamin-E (a -tocopherol) 400mg capsules were
purchased from PHARCO Pharmaceutical, Egypt.

- Olive Leaf Extract (OLE) preparation: OLE was
obtained from Olive Research Center, Aljouf,
north KSA. Fresh olive leaves were collected
from the Olive orchid, exposed to air-drying then
were grinded into fine particul ate powder to pass
ascreen of 2mm diameter pores and then stored
in adark and dray place. The extract was prepared
by Soxhlet extraction process using 150 gram of
olive leaf powder that was soaked in 75% ethanol
(/10, wiv) as asolvent for 24 hours, then the
extract was centrifuged at 5000rpm for 10 minutes
to evaporate and remove ethanol. Finally, the
extract was filtered using Whatman filter papers,
and the filtrate was weighed (approximately
equaled 60gm) and divided into two vials [21].
During administration period, OLE was kept
refrigerated at 4°C.

Experimental animals:

Forty male Wistar albino rats, aging 12-16
weeks and weighing 200+20gm were used. Rats
were acclimatized in the animal house of Aljouf
University for ten days prior to the experiment.
Animals were housed in cages at room temperature
(23-25°C), about 65% relative humidity and alter-
nate day/night periods of 12hr. Food (pelleted rat
chow) and drinking water were available ad libitum.
Any animal showed a sign of disease or stress
during the acclimatization period was eliminated.

Ethical considerations:

The study protocol and the use of animals for
research purposes were approved by the "Permanent
Local Committee for Research Bioethics' of Aljouf
University (approval NO: 16-16-8/39).

Experimental procedure:

The forty rats were randomly divided into 5
groups, 8 in each of the following groups:

- Group | (Control group, Saline): Rats received
8 intraperitoneal (i.p) saline injections over the
first two weeks then continued for the next two
weeks without any injections.

- Group |1 (DOX group): Rats received equal eight
i.p DOX injections (each 2.5mg/kg) over the first
two weeks only {the total DOX dose was 20mg/kg
BW which iswell proved to produce cardiotoxic
effects [19]}.
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- Group Il (DOX + OLE group): Ratsreceived
the same eight i.p DOX injections plus daily OLE
500mg/kg BW by nasogastric tube over the first
two weeks then daily OLE dose was continued
alone for the next two weeks.

- Group IV (DOX + Vit-E group): Ratsreceived
the same eight i.p DOX injections plus daily a-
tocopherol 100mg/kg BW by nasogastric tube
over thefirst two weeks then daily ct-tocopherol
dose was continued alone for the next two weeks.

- Group V (DOX + OLE + Vit-E group): Rats
received the same eight i.p DOX injections plus
daily OLE and ct-tocopherol by nasogastric tube
by the same doses of previous groups over the
first two weeks then daily OLE and ct-tocopherol
doses were continued for the next two weeks.

Animal scarification:

In all groups, rats were sacrificed by the end
of four weeks (the experimental period). The ani-
mals were starved for 12 hours prior to blood
collection and anesthetized using sodium pento-
barbital (50mg/kg; i.p.) and heparin (2001U/kQ)
was injected just before scarification to prevent
blood coagulation, then blood was collected through
retro-orbital puncture. Blood samples were collect-
ed into dry tubes without anticoagul ant allowing
clotting then centrifuged and serum was collected
and stored at —70°C until analysis.

Langendorff preparation and hemodynamic
parameters:

After collecting blood for biochemical anaysis,
atransabdominal incision and cut in diaphragm
were performed to expose the heart which was
rapidly removed with severing of the blood vessels
and immediately immersed into cold Krebs Hense-
leit (KH) buffer (4°C) solution (mmol): Glucose
11.1, CaCl, 2, MgS04 1.3, NaCl 119, NaHCO3
25.0, KH,PO4 1.2 and KCI 4.7 at pH 7.4 to protect
the heart from ischemic injury.

Then aorta was cannulated to perfuse the heart
in aretrograde manner viathe aorta at a constant
rate. KH solution buffer was bubbled with 95%
O, + 5% CO2 at 37°C. The backwards pressure
shut the aortic valve, forcing the solution into the
coronary vessels, which were normally supply the
heart with blood. This allows nutrients and oxygen
to feed the cardiac muscle to continue beating for
hours after removal from the animal and various
parameters can be measured.

The perfusate was pushed into the heart with
volume regulated flow (12.5ml/min). Changesin
the coronary vessels resistance will result in fluc-
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tuations in aortic pressure that can be monitored
with a pressure transducer which was attached to
aside arm of aortic cannula.

A water-filled balloon was introduced into | eft
ventricle and connected to a pressure transducer
to record the Left Ventricular Developed Pressure
(LVDP).

One electrode (5V amplitude of 3ms duration)
was placed on right atrium and another one on
steel cannulato pace the heart (300 beats/minute)
to keep the standard cardiac contractile response
to the experimentally used drugs and excluding
the effects of changesin heart rate and/or arrhyth-
mia periods.

The following parameter s were continuously
displayed and recorded using a PowerLab data
acquisition system:

* Left Ventricular Developed Pressure (LVDP).
* Left Ventricular End-Diastolic Pressure (LVEDP).

» Maximum rate of |eft ventricular pressurerisein
early systole (dP/dt max).

* Aortic Pressure (AoP).

Thisin vitro isolated organ technique allowed
the study of contractile force, coronary resistance
and other hemodynamic parameters of the heart
under known physiological conditions without the
neural and hormonal complications of in vivo,
whole animal experiments [22] . By the end of
perfusion protocol, the hearts were immediately
frozen at 70°C until used for biochemical analysis
within 7 days of termination of perfusion protocol.

Estimation of reduced glutathione content in
cardiac tissue:

Glutathione (GSH) was measured in heart ho-
mogenate, this method was described by [23]. Its
principle depends on reduction of 5,5 -Dithiobis-
2-nitrobenzoic acid (DTNB) by the sulfhydryl
group of GSH, the formed product was measured
calorimetrically at 412nm.

Glutathione peroxidase activity in cardiac tissue:

Glutathione Peroxidase (GPx) provides a mech-
anism to detoxify peroxidesin living cells. GPx
Cdlular Activity Assay Kit supplied by (SIGMA-
ALDORISH, St. Louis, USA-Catalog Number
CGP1) was used, the principle of thistest depends
on the ability of GPx to oxidize GSH to GSSG, a
reaction coupled with another one that consumes
NAPH to regenerate reduced glutathione. Colori-
metric assessment of decrease in NADPH was
done at wave length at 340nm.
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Determination of cardiac tissue's superoxide
dismutase activity:

Superoxide Dismutase (SOD) activity was de-
termined in heart homogenate according to Mark-
lund [24] method. Principle depends on the inhibi-
tion of pyrogallol auto-oxidation by SOD. The
inhibition is directly proportional to the activity
of SOD in the tested sample. Changesin the ab-
sorbance were recorded calorimetrically at wave
length 420nm.

Malondialdehyde (MDA) in cardiac tissue:

Cardiac level of Malondialdehyde (MDA) was
estimated according to Kei [25] technique. In brief,
it was assessed by adding homogenates to Buege-
Aust reagent and heated for 15min at 100°C, then
centrifuged, and MDA in determined colorimetri-
cally at 535mm. The standard used in this assay
was 1, 1, 3, 3 tetraethoxy propane.

Serum Aspartate Aminotransferase (AST):

Aspartate Aminotransferase (AST) Activity
Assay Kit (SIGMA-ALDORISH, St. Louis, USA-
Catalog Number MAKO055). In thiskit, a ketoglu-
tarate accepts an amino group from aspartate to
result in the generation of glutamate, resulting in
the production of a colorimetric product measured
at wave length 450nm.

Serum Atrial Natriuretic Peptide (ANP):

Atrial Natriuretic Peptide EIA Kit supplied by
(SIGMA-ALDORISH, St. Louis, USA-Catalog
Number RAB00385), and the test was performed
according manufacturer instructions.

Serum Lactate Dehydrogenase (LDH):

L actate Dehydrogenase Activity Assay Kit
supplied by (SIGMA-ALDORISH, St. Louis, USA-
Catalog Number MAKO066). In thiskit, LDH re-
duces NAD to NADH, which is specifically detect-
ed by colorimetric (450nm) assay.

Serum Cardiac Troponin | (cTpnl):

Cardiac troponin | is an important diagnostic
marker of cardiac injury [26] . It was measured using
Troponin | ELISA kit according to instruction of
the kit supplied by (SIGMA-ALDORISH, St. Louis,
USA-Catalog Number SE120134).

Satistical methods:

Data were coded and entered using the Statis-
tical Package for Social Sciences (SPSS) Version
25 (SPSSInc., Chicago, IL, USA). Data was sum-
marized using mean and standard deviation for
quantitative variables. Comparisons between groups
were done using one way-analysis of variance

Synergistic Effect of OLE & Vit-E Preventing DICT

(ANOVA) with multiple comparisons with Post
Hoc tests [27] . Correlations between quantitative
variables were done using Pearson correlation
coefficient [28] . p-values less than 0.05 were con-
Sidered as statistically significant.

Results

Combined OLE and Vit-E therapy with DOX
improves cardiac contractility, Left Ventricular
Function (LVF) and reduces Aortic Pressure (AoP)
better than either alone.

To assess the effect of DOX injection on cardiac
contractility and left ventricular function, we meas-
ured LVDP, LVEDP and dP/dt max in different
groups. DOX group showed impaired LVF (LVDP,
LVEDP and dP/dt max) as compared to Control
group, LVF was significantly improved in both
DOX + OLE and DOX + Vit-E groups but the
maximal improvement in LV function was obtained
in DOX + OLE + Vit-E group as shown in Fig.
(1A-C). Also, Aortic Pressure (AoP) was measured
which was maximally elevated in DOX group as
compared to control group, both OLE and Vit-E
significantly decrease AoPin DOX + OLE and
DOX + Vit-E respectively, but combined OLE and
Vit-E therapy with DOX succeeded to reduce the
AoP maximally without a significant difference
between AoP valuesin DOX + OLE + Vit-E and
control groups as shown in Fig. (1D).

Heart was mostly protected from DOX induced
cardiac tissue injury due to concomitant OLE and
Vit-E therapy in DOX + OLE + Vit-E group.

To evaluate the degree of cardiac injury follow-
ing DOX administration we have measured some
important cardiac biomarkers; Cardiac Troponin
| (cTnl), Lactate Dehydrogenase (LDH), Aspartate
Aminotransferase (AST) and Atrial Natriuretic
Peptide (ANP). Serum cTnl, LDH and AST levels
were significantly elevated in DOX group as com-
pared to control group. Both OLE and Vit-E atten-
uate the marked risein cTnl, LDH and AST in
DOX + OLE and DOX + Vit-E groups respectively
as compared to DOX group, but combined OLE
and Vit-E therapy in DOX + OLE + Vit-E group
synergistically reduced the levels of cardiac damage
biomarkers more than either of them did alone as
shownin (Table 1).

Regarding ANP, although atendency to decrease
was noticed with the use of either OLE, or Vit-E,
and with the use of a combination of both as com-
pared to the DOX group. However, such decrease
was no statistically significant (Table 1).
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Combined OLE and Vit-E therapy with DOX
attenuates the accompanying oxidative stress state
better than either alone.

DOX induced oxidative stress state was al so
investigated in cardiac tissues by evaluating the
levels of Maondialdehyde (MDA), Glutathione
(GSH), and antioxidant enzymesii.e. Glutathione
Peroxidase (GPx) and Superoxide Dismutase
(SOD).

MDA level in cardiac tissues as an indicator of
tissue lipid peroxidation was significantly increased
in DOX group as compared to control group, while
the MDA levels were decreased in OLE + DOX
and OLE + Vit-E groups as compared to DOX
group, but the culminating reduction in MDA level
as compared to DOX group was shown in DOX +
OLE + Vit-E group approaching its normal baseline
in control group (Table 2).

Regarding GSH content as well as GPx and
SOD activitiesin cardiac tissues, both of OLE and
Vit-E in DOX-OLE and DOX-Vit-E respectively
attenuate the accompanying DOX induced oxidative
stress state with better effect in Vit-E, while com-
bined OLE and Vit-E therapy in DOX + OLE +
Vit-E group maintained GSH content and nearly
recovered cardiac GPx and SOD activities as com-
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pared to control group better than either of them
alone asshown in (Table 2).

The myocardial contractility represented by
Left Ventricular Developed Pressure (LVDP) was
significantly negative correlated with the severity
of DOX induced cardiac tissue injury represented
by serum levels of cTnl (r=-0.873, p<0.005) as
shown Fig. (2).

The degree of oxidative stress state represented
by MDA levels was significantly positive correlated
with the severity of DOX induced cardiac tissue
injury represented by serum levels of cTnl (r=
0.793, p<0.005)as shown in Fig. (3).

The degree of oxidative stress state represented
by MDA levels was significantly negative corre-
lated with the myocardial contractility represented
by LVDP (r=-0.769, p<0.005) as shown in Fig.

(4).

Aortic Pressure (AoP) as an indicator of the
resistance in coronary vessels was significantly
positive correlated with cardiac tissue markers as
cTnl and it was having a significant negative
correlation with antioxidants as Superoxide Dis-
mutase (SOD) as shown in Figs. (5,6) (r=—0.888,
p<0.005) and (r=—0.893, p<0.005) respectively.

Table (1): Effect of doxorubicin, Olive leaf extract and Vitamin E on rat serum levels of Cardiac Troponin
| (cTnl), Lactate Dehydrogenase (LDH), Aspartate Aminotransferase (AST) and Atrial Natriuretic

Peptide (ANP).
Control DOX DOX + OLE DOX + VitE DOX + OLE +
group group group group Vit E group
cTnl (ng/ml) 1.9+0.4 9.5+15* 6.8+ 1.5# 4.5+0.9*#$ 3.4+0.9*#3@
LDH (U/L) 175.0£12.8 259.5+121* 235.8£11.5*# 230.4+20.3 *# 180.1+18.3#$@
AST (U/L) 56.3+13.2 140.6+42.4* 119.6+36.3 *# 116.9+34.1 *# 92.3+15.8*#$@
ANP (pg/ml) 26.6+2.9 31.1+35 29.7+4.3 28.2+3.7 28.5+2.6

Values are presented as mean = SD.
* 1 p<0.05 in comparison to control group.
# : p<0.05 in comparison to DOX group.

$ : p<0.05 in comparison to DOX + OLE group.
@ : p<0.05 in comparison DOX + Vit-E group.

Table (2): Effect of doxorubicin, Olive leaf extract and Vitamin E on rat cardiac tissue levels of Antioxidant
Glutathione (GSH), Glutathione Peroxidase (GPx), Antioxidant enzymes Superoxide Dismutase

(SOD) and Malondialdehyde (MDA).

Control DOX DOX + OLE DOX + VitE DOX + OLE +
group group group group Vit E group
MDA (mmol/g) tissue 23.6+2.8 43.0+6.4* 32.6+3.5*# 28.5+3.44# 21.4+3.1#%@
GSH (mmol/g) tissue  6.4+0.9 4.5+0.9* 5.3+0.76*# 5.6+0.92*# 6.1+0.544$
Gpx (U/g) tissue 41.8+55 28.2+4.0* 33.1+3.7*# 35.6+2.9%# 40.0+£3.9#$@
SOD (U/g) tissue 201.8+14.7 99.6+125* 115.0+£13.2*# 160.6+154*#$ 180.9+16.6*#3@

Values are presented as mean = SD.
* : p<0.05 compared to control group.
#: p<0.05 compared to DOX group.

$ : p<0.05 compared to DOX + OLE group.

@: p<0.05 compared to DOX + Vit-E group.
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Fig. (1A-D): Comparison between the five studied groups (X-axis) regarding LVDP (A), LVEDP (B), dP/dt max (C) and

AoP (D).
Values are presented as mean + SD.
* 1 p<0.05 as compared to control group. $ : p<0.05 as compared to DOX + OLE group.
# : p<0.05 as compared to DOX group. @ : p<0.05 as compared to DOX + Vit-E group.
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(r=0.873, p<0.005). P<0.005).
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Fig. (4): Correlation between Left Ventricular Developed
Pressure (LVEDP) and tissue Malondialdehyde
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Fig. (6): Correlation between Aortic Pressure (AoP) and tissue;
Superoxide Dismutase (SOD) levels (¥=—0.893,
P<0.005).

Discussion

Although several studies have demonstrated
the protective effects of Vit-E, only few studies
have examined the effects of OLE [18-20] against
Doxorubicin-Induced Cardiotoxicity (DICT). To
our knowledge, no previous study has addressed
the effects of the concomitant use of OLE and Vit-
E on Myocardial Contractility/Left Ventricular
Function (MC/LVF), myocardial tissue injury
(MTI), and Oxidative Stress State (OSS) in the
DICT rat model. This gives the present study its
originality as it shows, for the first time, that when
compared to controls, the concomitant administra-
tion of OLE and Vit-E have not only improved the
MC/LVF and attenuates the MTI associated with
DOX administration, but also reduced the accom-
panying OSS as well. Indeed, the beneficial effects
of the dual-regimen (OLE + Vit-E) were signifi-
cantly higher than those observed with the use of
either alone. This represents a kind of synergism
between both agents, and will potentially improve
their therapeutic potentials.
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Fig. (5): Correlation between Aortic Pressure (AoP) and serum
c¢Tnl levels (r=0.888, p<0.005).

Despite the well-known potent and broad-
spectrum antineoplastic activity of DOX against
many types of solid and hematological malignancies
[29,30] , its wide use is limited by the confirmed,
acute and cumulative dose-related, multi-organ
toxic effects mainly hepatotoxicity [31]. Nephro-
toxicity [2,32], myelotoxicity [33], and the serious
deterioration of cardiotoxicities including; arrhyth-
mia, cardiomyopathy, and MTI leading to reduced
MC and LVF [34].

The mechanisms underlying the DICT have not
been fully elucidated until now [35] despite dozens
of studies that confirms a multifactorial base of
this toxicity. None the less, the generation of ROS
with its well known damaging effects on the cell
components is thought to play the major role, and
it was studied extensively [7-10,36-38] , in addition
to mitochondrial dysfunction [39,40], and increased
cellular necrosis and apoptosis [41,42] together with
an increased production of pro-inflammatory cy-
tokines and responses [43,44] . This was confirmed
by many interventional studies that showed im-
proved DOX toxicity when oxidative stress and
inflammations were reduced [45-47] .

Better understanding of the mechanisms under-
lying DICT will not only help in preventing it, but
also maximize benefiting from its high potency as
well, putting in mind the failure of alternative
strategies such as dose modification, use the DOX
analogues, and combination therapy [4]. The find-
ings of the present study add to the pool of evidence
that confirms the role of oxidative stress in the
pathogenesis of DICT.

In one hand, many studies showed the benefi-
cial, but incomplete, effects of Vit-E in alleviating
DICT when used alone or or as analogue in com-
bination with other antioxidants [11,48] Nowadays,
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we are currently at the era of using both as a
combination or a pro-drug utilizing nanotechnol ogy

in delivering targeted therapy of many cancers [49-
51] . In addition to its anti-oxidant effects and role

in ameliorating DICT, Vit-E was found to enhance
the chemotherapeutic/antineoplastic effect of DOX

[52] even against drug resistant cancers [53]. On
the other hand, only few studies have investigated

therole of OLE in reducing DICT [18-20] , but none
has assessed the use of both Vit-E and OLE con-
comitantly in thisindication. The hypothesis behind

the need of combination is based on the multifac-

torial basis of DICT, the partial response to the
use of either agent alone, and the need to target

many of the proposed mechanisms by the multiple
constituents of OLE together with Vit-E.

The findings of the present study show that
VC/LVF areimproved in both DOX + OLE and
DOX + Vit-E groups by different proportions, but
the maximal improvement was shown in DOX +
OLE + Vit-E group. To exclude the possible in-
volvement of other systemic factors to the observed
responses, all contractile parameters (LVDP,
LVEDP and dP/dt max) and Aortic Pressure (AoP)
levels were tested in isolated hearts using Langen-
dorff perfusion technique in all the studied groups.

Several mechanisms may explain the aggravated
synergistic and/or additive protective effects of
combined DOX + Vit-E + OLE therapy. First, in
addition to its anti-inflammatory effects [54], OLE
improves contractility viaits ability to restore the
normal arrangements of cardiomyocyte contractile
proteins (myosin, troponin | and dystrophin), which
become disturbed with DOX administration [18] .
Also, OLE restores the expression of the main
transcription factor that regulates cardiac develop-
ment, GATA-4, in the myocardia cells after being
depleted by DOX [18] . Second, Oleuropein, the
principal component of OLE, expressed awide
range of beneficial pharmacological cardiovascular
effects in vitro studies including; stimulation of
NO generation by rat macrophages [55], anti-
inflammatory properties [5], anti-oxidant effect
against myocardial ischemia/reperfusion injury
[14] , suppression of eicosanoid generation and
platelet aggregation, and suppression of 12-and 5-
lipoxygenase enzymes [54] . Third, many in vivo
experiments elucidated that OL E has anti-
inflammatory, anti-atherogenic, antihypertensive,
and hypoglycemic effects, in addition to reducing
blood pressure in nitro-L-arginine-induced hyper-
tensiverats, lowering blood cholesterol and other
lipids levels [56-58] . In addition, OLE lowered the
blood levels of lipids, glucose, creatinine, and liver
enzymes in streptozotocin-induced diabetic rats
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[59] . Furthermore, Oleuropein reduced the size of
infarction, serum lipid, and oxidative stress markers
in rabbits fed high cholesterol diet [60] . Fourth: A
dual interaction between Vit-E and Olive oil has
been demonstrated by two earlier studies where
Vit-E supplementation increased thein vivo stability
and the antioxidant capacity of refined Olive oil

in the rat model of DOX toxicity [61], and Olive
oil supplemented with Vitamin E increased the
mitochondrial coenzyme Q levels and reduced the
OSSiin livers of the samerat model [62] . Fifth:
Some studies have demonstrated the presence of

Vit-E as a one of the component of Olive oil [63-
64] making the suggestion of beneficial role of
higher Vit-E concentrations in addition to the
actions of the other components.

In the present study, a marked increase in the
cardiac biomarkers (cTnl, LDH, and AST) indicat-
ing aserious MTI is demonstrated in the DOX
group compared to controls. However, LDH and
AST not much increased in DOX + OLE and DOX
+ Vit-E groups as compared with DOX group and
these results are similar, but the marked reduction
in their plasmalevels have been shown in DOX +
OLE + Vit E group. Because of the high sensitivity
and specificity of cTnl, absence of histopathological
assessment in the present study can't be considered
asalimitation. Thisis supported by the similarity
of our results to the work of others [16-18]. Also,
our results showed supportive and parallel changes
over the studied groups in the form of improved
VC/LVF with reduced MTI markers and reduced
oxidative stress, which were more prominent in
the DOX + Vit-E + OLE group. Another potential
limitation of thiswork isthat we did not measure
pro-inflammatory cytokines in the studied groups.
However, many recent studies that looked at oxi-
dative stress and pro-inflammatory cytokines
showed parallel changesin both [45-47], which
indicates that changes in one (e.g., oxidative stress)
asthe casein this study can reflect the other (pro-
inflammatory cytokine assay), making simultaneous
measurement of both only adds more costs, and
therefore unnecessary.

On the other hand, ANP is also an important
biomarker of LVF in patients receiving DOX. ANP
is synthesized and secreted mainly from atriain
response to volume overload, so its mechanism of
secretion is secondary to impaired LV F and heart
failure [65] . In present study, there was no significant
difference in the plasma levels of ANP between
different groups, which is different to previous
studies [66] . Thisresult may be due to the fact,
Brain Natriuretic Peptide (BNP), which is synthe-
sized in ventriclesis an earlier predictor of heart
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failure than ANP, so it isavery useful, sensitive
and specific biomarker of impaired LVF [65], and
needs to be addressed in future studies.

The previous changesin MC/LVF parameters
together with the changesin the levels of biomar-
kersof MTI are associated with increased lipid
peroxidation and diminished antioxidant enzymatic
activity in heart tissue, as DOX induces an OSS
by increasing the generation of ROS, enhancing
inflammatory reactions, and apoptotic cascadesin
cardiac tissue [67] . In present study, the minimal
increase in MDA level and minimal decrease in
GSH, Gpx and SOD enzymatic activity have been
shown in the DOX + OLE + Vit-E group as com-
pared with control group while maximal lipid
peroxidation and disturbance in the activity of
antioxidant enzymes appeared in DOX group. Our
current results are in accordance with other authors
who found antioxidant activities for both OLE and
Vit-E in separate studies and this study showed
that, OLE and Vit-E has a strong synergetic anti-
oxidant effects.

Dexrazoxane isthe exclusive FDA-approved
drug used clinically to ameliorate DICT. It acts
viareducing myocardial mitochondriainjury [68,69],
chelating iron intracellularly leading to blockade
of iron-assisted ROS production [70], and suppress-
ing topoisomerase || enzyme, which has recently
been involved in the pathogenesis of DICT [71].
However, the clinical application of dexrazoxane
isrestricted owing to its interference with the
antineoplastic effects of DOX [72], and due to its
potential role in stimulating secondary malignan-
cies, which led to its withdrawal from the European
market [73] . Consequently, new cardioprotective
approaches, techniques and/or drugs are needed.

The combination used in the present study (Vit-
E + OLE) may have arolein this respect, but needs
to be studied extensively in humans. Indeed, the
results of this study can't be extrapolated to humans
receiving DOX, and human studiesin this area are
scanty [74,75] . Therefore, well-designed and well-
executed randomized clinical trialsinvolving this
combination in cancer patients receiving DOX-
containing regimens are warranted.

Theideal drug needs to be effective in protecting
from DICT without any negative interference onits
antineoplastic potency, and should not lead to any
significant side effects nor induce secondary ma-
lignancies. Indeed, the combination used in the
present study was effective, safe, and together with
the shown evidence of Vit-E enhancement of anti-
neoplastic effects of DOX [52], deserves future
clinical studies.
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In conclusion, the results of the present study
confirm the beneficial effects of both OLE and
Vit-E in ameliorating DICT in rats, especially when
given together. These effects manifests asimproved
MC/LVF, reduced MTI and decreased OSS and
ROS. These synergistic and/or additive effects of
OLE and Vit-E are probably related to their multi-
functional nature, especialy oxygen radical scav-
enging actions. Clinical trials of this combination
are needed and awaited.
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