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ABSTRACT

Background: Hyperthyroidism-induced cardiac dysfunction is a common disorder that was linked to the interplay between
oxidative stress and activated renin-angiotensin system. Studies related the consumption of extra virgin olive oil (EVOO) to
the lower risk of cardiovascular diseases.

Aim of the Work: So, this study aimed to evaluate the cardioprotective effects of extra virgin olive oil (EVOO) in
experimentally induced hyperthyroidism with possible involvement of angiotensin-II receptor 1 (Ang-II-R1) and the
antioxidant hemeoxygenase-1 (HO-1) enzyme.

Methods: Thirty adults male Wistar rats, allocated into 3 groups, control, Hyperthyroid group; received intraperitoneal
injection of 100pg/kg L-thyroxine daily for 4 consecutive weeks, EVOO-treated hyperthyroid group; received L-thyroxine as
in group II, then by the beginning of the third week, 1ml/100g EVOO by gavage daily for 2 weeks.

Results: EVOO-treated hyperthyroid rats showed significant body weight reduction with PR interval restoration near the
control level. EVOO resulted in significant reduction in Ang-II-R mean % area and optical density with consequent reduction
in the cardiac HO-1. This reduction was correlated with the improvement in basal cardiac inotropic function and cardiac
inotropic response following isoproterenol infusion together with partial reversal of the hyperthyroid induced histological
changes.

Conclusion: Prophylactic use of EVOO in hyperthyroidism could minimize the cardiac dysfunction and structural alterations
by reducing Ang-II-R1 overexpression and mitigating oxidative stress.
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INTRODUCTION in cardiovascular pathology. Diniz et al.'l stated that

angiotensin receptor 1 is critical for the development
of thyroid hormone-induced cardiac hypertrophy.

Hyperthyroidism is a widespread endocrine disorder Araujo et al.l! detected a close relationship between
that causes both functional and structural changes in the hyperthyroidism, oxidative stress and renin-angiotensin
cardiovascular system!. Osuna et al'? claimed that system (RAS) activation. Further, hyperthyroidism might
excess thyroid hormone can be associated with chronic increase cardiac renin activity and angiotensin II (Ang II)
hemodynamic overload, pathological cardiac remodelling, levels Barreto-Chaves et al.’®.

progressive contractile dysfunction, abnormal diastolic
compliance predisposing to heart failure.
Many epidemiological studies related the consumption
of extra virgin olive oil (EVOO) to a lower risk of
Jeppesen et al.” reported the presence of angiotensin cardiovascular  disease!”. EVOO components as
receptors in cardiomyocytes and assumed their role monosaturated oleic acid, polyunsaturated fatty acids,
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a-tocopherol (vitamin E) and vitamin K, as well as a
wide variety of phenolic compounds such as tyrosol,
hydroxytyrosol and oleuropein demonstrate potent
antioxidant and anti-inflammatory functions!®.

Tanideh et al.”) reported that EVOO lowered the levels
of colonic malondialdehyde, myeloperoxidase activity, and
interleukin-1f significantly in a rat model of acetic acid
induced ulcerative colitis. Moreover, the use of EVOO
in aged rats decreased aging-induced inflammation and
oxidative stress in the liver, cardiac and aortic tissue!'”,
Further, Alcaide-Hidalgo et al.' claimed angiotensin
converting enzyme inhibitory activity of olive oil. Also,
Dominguez-Vias et al.'” suggested a beneficial effect
of VOO in the regulation of rat systolic blood pressure
through changes in renal aminopeptidases.

Hemeoxygenase-1 (HO-1) is an enzyme that
demonstrate high antioxidant, anti-inflammatory, and
antiapoptotic properties, it is normally expressed at low
levels in most of organs, however, it is highly inducible
in response to a variety of stimuli to protect cells against
oxidative and inflammatory injury!®. Hu et all'¥
demonstrated that HO-1 attenuates Ang II-induced cardiac
hypertrophy both in vitro and in vivo. Some studies stated
that olive oil components as hydroxytyrosol may increase
the expression of hemeoxygenase-1[131,

AIM OF THE STUDY

Therefore, the aim of the present study was to evaluate
the possible cardioprotective effects of extra virgin olive
oil (EVOO), as a natural antioxidant, in experimentally
induced hyperthyroidism in rats. Also, to elucidate its
effect on cardiac Angiotensin-II-Receptor 1 and cardiac
HO-1 as a possible underlying mechanism.

MATERIALS AND METHODS

Experimental animals:

The study was performed on thirty adults male Wistar
rats, initially weighing 200-300g. Rats were purchased
from VACSERA HELWAN and were kept at the Faculty
of Medicine Ain Shams Research Institute (MASRI), Ain
Shams University, under standard conditions of boarding
in animal cages (5 rat/cage) with suitable ventilation,
temperature of 22-25°C and were subjected to normal
light/dark cycle. Rats were fed regular meals in the form
of bread and milk with free access to water and food ad

libitum. The experimental procedures were started after
one week of acclimatization.

ETHICAL DECLARATION

The study protocol was approved by the Research Ethical
Committee of Faculty of Medicine Ain Shams University
that follows the National Research Council of the National
Academies guidelines (FWAO000017585; FMASU MS
47/2019). Animals were handled with maximal care and
hygiene without being subjected to any unessential stress
or pain. Sample size was calculated using the G power
program setting power at 80%, a error at 0.05 and 0.7
effect size using F test (ANOVA: fixed effects, omnibus,
one way) and assuming a dropout of 10%, a sample size of
at least 10 rats per group was recommended. The study was
performed in accordance with ARRIVE guidelines.

Experimental groups:

Rats were randomly and blindly allocated into three
equal groups (10 rats each);

Group I: Control group: Rats in this group received
intraperitoneal (IP) injection of the solvent of L-thyroxine
(a mixture of 96% alcohol and 1N NaOH isotonic saline),
once daily, six days per week for 4 consecutive weeks.

Group II: Hyperthyroid group: rats in this group
received i.p. injection of L-thyroxine, once daily, six days
per week for 4 consecutive weeks in a dose of 100ug/kg/
day!'¢],

Group III: EVOO-treated-Hyperthyroid group: rats in
this group received IP of L-Thyroxine as in group II, by the
beginning of the third week, EVOO was given once daily
by gavage in a dose of 1ml/100g/day!"”, for 2 consecutive
weeks.

Drugs and chemicals:

*  L-Thyroxine: L-Thyroxine was supplied by (sigma,
USA) as a powder. Stock solutions were prepared
by dissolving 4.5 mg L-thyroxine in 3ml solvent
consisting of a mixture of 96% ethyl alcohol (2ml)
and IN NaOH isotonic saline (1ml) making final
concentration of 1.5mg/ml, to be used in induction of
hyperthyroidism.
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+  Extra virgin olive oil (EVOO): EVOO was obtained
from Sinai, Egypt (fatty acids composition is 75%
monosaturates, 13% polyunsaturates and 12%
saturates, and phenolic concentration is 200 mg/kg).

Experimental procedures:

Rats were weighed and nasoanal length was estimated
at the beginning and at the end of the study to calculate
percent change in body weight and body mass index.

On the day of sacrifice at the end of the study (end of
the 4" week), retroorbital blood samples were collected
from overnight fasted rats, centrifuged at 4000 rpm for 15
minutes to obtain serum. Then, rats received IP heparin
sodium 5000 IU/kg B.W. (Nile Company, Egypt). Fifteen
minutes later, rats were anaesthetized with i.p. injection of
thiopental sodium (EIPICO, Egypt), in a dose of 40 mg/
kg B.W. When the stage of surgical anaesthesia had been
reached as judged by loss of withdrawal reflexes ECG
tracing was recorded using ECG recorder (Cardimax Fx-
2111, Fukuda Denshi Co., Ltd., Japan).

The heart was dissected and immediately placed in
ice-cold modified Krebs-Henseleit Bicarbonate (KHB)
buffer solution to ensure rapid cardioplegia. In vitro study
of isolated perfused heart was performed in Langendorff
preparation according to the ordinary technique of
Langendorff (1895) modified by Ayobe and Tarazil'® using
modified Krebs-Henseleit bicarbonate buffer (KHB) as
perfusion medium.

Baseline developed peak tension (PT in g), time to peak
tension (TPT in msec), rate of tension development (dT/dt
in g/msec) and half relaxation time (HRT in msec) were
recorded using (UGO BASILE S.R.L. Biological Research
Apparatus 21036, Model 17304, Serial N. 0448A15, Italy)
connected to a computer provided with iWorx LabScribe2
Data Recording and Analysis Software program. Basal
myocardial flow rate (MFR in ml/min) was determined by
volumetric collection of the fluid passing out of the heart
for 3 minutes. Peak developed tension and myocardial flow
rate were calculated relative to the left ventricular weight
(PT/LV, g/100 mg; MFR/LV, ml/100mg/min).

After recording basal cardiac activities, isoproterenol
was infused through a catheter tube (PE-50, Clay Adams,
New Jersey), connected to an opening just above the aortic
cannula using a Sega-355 infusion pump in 5 consecutive
rates of 0.324, 0.648, 0.864, 1.296, and 1.728 ml/minute
for 3 minutes each, to obtain final doses of 0.65, 1.3,
1.73, 2.59, and 3.46 pg/minute. Then cardiac activities
were recorded, and the myocardial flow was collected and

measured. Three minutes after infusion of the last dose of
isoproterenol, another record of the cardiac activities was
obtained to show cardiac recovery. Maximal responses to
isoproterenol and delta changes (the difference between the
maximal responses and the basal values) were calculated.
To prepare the isoproterenol infusion, it was weighted and
dissolved in Krebs Henseleit bicarbonate buffer giving a
final concentration of (2pg/ml).

Heart was then dried by filter paper and weighed
in 5-Digit-Metler balance (AE 163). The left ventricle
specimens were used for determination of cardiac tissue of
hemeoxygenase 1 (HO-1) enzyme, other specimens were
preserved in formalin for histopathological examination
and immunohistochemical analysis of angiotensin II
receptor 1. Body weight percent change (%BW) and body
mass index percent change (%BMI) were calculated.

Biochemical Analysis:

* Serum free T3, T4, TSH were measured by an
automated quantitative enzyme-linked fluorescent
immunoassay (ELFA) technique using kits supplied by
bioM¢érieux company, USA (CAT. No. 30 403-01, 30
404-01 and 30 400-01, respectively) with microplate
reader set to 450 nm.

* Cardiac tissue HO-1 was measured by an enzyme
linked immune-sorbent assay (ELISA) technique
using rat specific kits supplied by abcam company,
USA. (CAT. No. ab279414). Only those wells that
contain HO-I, biotin-conjugated antibody and enzyme-
conjugated Avidin will exhibit a change in color that
was measured spectrophotometrically at a wavelength
of 450 nm.

Histopathological Examination:

From all groups, specimens from the left ventricle of the
heart (apex), were taken twice before and after the exposure
to isolated heart studies, then they were immediately fixed
in 10% formalin, to be processed and embedded in paraffin
for histological analysis. Tissues were sectioned at Spm
and stained with hematoxylin and eosin (H&E).['! Also,
sections were used in immunohistochemical staining for
angiotensin II receptor1?%,

*  Immunohistochemical staining for angiotensin II
receptor 1:

Sections were deparaffinized and rehydrated. Then,
sections were microwaved for 15 minutes for antigen
retrieval. After that, they were treated with a blocking
solution for 20 min then incubated with 1:200 anti-Ang-
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II-R1 polyclonal primary antibody (Sigma, SAB3500209)
at room temperature for half an hour. Later, secondary
antibody was added for 10 minutes. Finally, one to two
drops of DAB (diaminobenzidine) were added for 10
minutes. At last, heart sections were counterstained with
Mayer’s hematoxylin, then dehydrated and cleared.
Angiotensin II receptors expressed brownish coloration in
cardiomyocytes.

*  Histomorphometric analysis:

The mean area percentage and the mean optical density
of angiotensin II receptor immunostaining were measured
in 10 fields for each group. This was performed using
the image analyzer Leica Q Win V.3 program installed
on a computer in the Histology Department, Faculty of
Medicine, Ain Shams University. The computer was
connected to a Leica DM 2500 microscope with built in
camera (Wetzlar, Germany).

Statistical analysis:

The normality of data was assessed by the Shapiro test.
Parametric data were expressed as meant SD (Standard
deviation), statistical significance for data was determined
using a one-way analysis of variance (ANOVA) with post-
hoc Bonferroni test to find inter-group significance.

For non-parametric data median and interquartile range
(IQR) were used, statistical significance was determined
using Kruskal Wallis test followed by pairwise comparison
and significance value was adjusted by the Bonferroni
correction. Friedman’s test was used for differences within
the same group.

Spearman correlation was done to find the relation
between parameters and the level of significance was
accepted as P < 0.05. Statistical tests and significance were
performed by using SPSS (Statistical Program for Social
Science) statistical package (SPSS Inc.) version 20.0.1*'1.

RESULTS

Anthropometric Measures:

The mean ranks of BW% were (24.56, 13.70 and
7.70) and of the BMI% were (21.89, 13.90 and 9.90) in
control, hyperthyroid and EVOO-treated-hyperthyroid
groups respectively. There was statistically significant
difference in BW% (X*2) =18.92, p<0.001) and

BMI%(X?(2) =9.65, p<0.01) between the three studied
groups. After Bonferroni adjusted pairwise comparison,
BW% showed significant differences between control
group and each of hyperthyroid (Z=10.86, p<0.02) and
EVOO-treated-hyperthyroid (Z=16.86, p<0.001) groups.
Also, BMI% showed a significant difference between
control and EVOO-treated-hyperthyroid (Z=11.99,
p<0.01) group. (Table 1)

Cardiac weights

The mean ranks of RV/BW were (5.72, 17.50 and
20.85), of LV/BW were (5.00, 17.10 and 21.90) and of WH/
BW were (5.00, 17.40 and 21.60) in control, hyperthyroid
and EVOO-treated-hyperthyroid groups respectively.
There was statistically significant difference in RV/BW
(X*(2) =16.28, p<0.001), LV/BW (X*(2)= 19.59, p<0.001)
and WH/BW (X*(2)=19.26, p<0.001) between the three
studied groups. After Bonferroni adjusted pairwise
comparison, significant differences exist between control
and hyperthyroid groups (Z= -11.78, p<0.01) in RV/BW,
(Z= -12.10, p<0.01) in LV/BW and (Z= -12.40, p<0.01)
in WH/BW. Also, there were significant differences
between control and EVOO-treated-hyperthyroid groups
(Z=-15.13, p<0.001) in RV/BW, (Z= -16.90, p<0.001) in
LV/BW and (Z= -16.60, p<0.001) in WH/BW. (Table 1)

Electrocardiographic (ECG) findings:

The mean ranks of HR were (5.56, 19.25 and 19.25),
of PR were (19.50, 7.50 and 18.45), of QRS duration were
(7.50, 13.25 and 23.50) and of R voltage were (7.22, 18.45
and 18.55) in control, hyperthyroid and EVOO-treated-
hyperthyroid groups respectively. There was significant
difference in HR (X?*(2) =16.92, p<0.001), PR duration
(X*(2)=18.28, p<0.001), QRS duration (X*2)=20.44,
<0.001) and R voltage (X*(2)=11.13, p<0.01) between the
three studied groups.

After Bonferroni adjusted pairwise comparison,
the significant differences in HR were only between
control group and each of hyperthyroid and EVOO-
treated-hyperthyroid (Z= -13.69, p<0.002) groups. The
significant difference in PR duration was between control
and hyperthyroid (Z=12.00, p<0.01) groups and between
hyperthyroid and EVOO-treated-hyperthyroid (Z= -10.95,
p<0.002) groups. Also, there were significant differences
in QRS duration only between control and EVOO-treated-
hyperthyroid (Z= -16.00, p<0.001) groups, and between
hyperthyroid and EVOO-treated-hyperthyroid (Z= -10.25,
p<0.02) groups. In addition, significant differences in
R voltage were only between control group and each
of hyperthyroid (Z= -11.23, p<0.02), EVOO-treated-
hyperthyroid (Z= -11.33, p<0.02) groups. (Table 1).
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Table 1: Median and interquartile range (IQR) of percentage change of BW (%BW), BMI (%BMI), relative weights of right ventricle
(RV/BW), left ventricle (LV/BW), whole heart (WH/BW) and electrocardiographic findings; heart rate (HR), PR interval, QRS duration,

R voltage, observed Q-T interval (Q-To), and corrected Q-T interval (Q-Tc interval) in all studied groups.

Control Hyperthyroid EVOO-treated-Hyperthyroid
YBW 18.63 -0.94 -9.64°
(14.70-23.08) (-8.12-3.32) (-17.30- -5.09)
YuBMI 7.98 -17.44 -18.722
(-7.87-16.74) (-19.41-4.71) (-20.04- -8.94)
RV/BW (mgle) 0.92 1.35° 1.50°
(0.69-1.10) (1.27-1.49) (1.30-1.88)
1.15 1.72¢ 1.87
LVIBW (mefg) (1.01-1.33) (1.61-1.84) (1.73-2.07)
2.30 3.310 3.52¢
WHBW (mg/g) (1.85-2.49) (3.15-3.46) (3.18-4.15)
HR (bpm) 428.57 550.00° 550.00°
(380.95-464.29) (500.00-625.00) (550.00-568.75)
PR (msec) 40.00 20.00° 40.00°
(40.00-40.00) (20.00-25.00) (40.00-40.00)
20.00 25.00 40.00®
QRS (msec) (20.00-20.00) (20.00-30.00) (37.50-40.00)
R (uvolt) 400.00 600.00° 650.00°
(300.00-525.00) (500.00-650.00) (475.00-725.00)
QTo (msec) 80.00 70.00 80.00
(80.00-80.00) (60.00-80.00) (60.00-80.00)
213.81 210.34 222.38
QTc (msec)

(201.19-222.38)

(189.74-236.45)

(189.74-252.98)

a: Significance calculated by Kruskal Wallis test followed by Bonferroni adjusted

pairwise comparison at P< 0.05 compared to control group.

b: Significance calculated by Kruskal Wallis test followed by Bonferroni adjusted

pairwise comparison at P< 0.05 compared to hyperthyroid group.

In vitro studies on isolated perfused hearts:

I-Baseline values:

The mean ranks of baseline PT/LV (19.22, 9.20 and
17.00) and of baseline HRT 23.17, 11.95 and 10.70) for
control, hyperthyroid and EVOO-treated-hyperthyroid
groups. There was significant difference in the baseline
values of PT/LV (X*2) =7.41, p<0.05) and HRT
(X*(2)=12.17, p<0.005) between the three studied groups.
After Bonferroni adjusted pairwise comparison, the
significant difference in baseline PT/LV was only between
control group and hyperthyroid (Z=10.02, p<0.05) group.
In baseline HRT significant differences were between
control group and each of hyperthyroid (Z=11.22, p<0.02)
and EVOO-treated-hyperthyroid (Z=12.47, p<0.005)
groups. (Table 2) and (Figure 1).

II- After isoproterenol infusion:

In vitro heart rate:

For the hyperthyroid group, the HR recovery value
was significantly different from the basal value (Z=3.25,
»<0.02) with a mean rank of 5.60 for basal value and
2.35 for recovery value. Regarding the EVOO-treated-
hyperthyroid group, both the HR response to 1SO3.46
(Z=4.45, p<0.001) and recovery values (Z=4.05, p<0.002)
were significantly changed from basal value with a mean
rank of 6.05 for basal, 1.50 for ISO3.46 and 2.00 for
recovery values. On comparing groups together, there
was no significant difference in HR values. (Figure 1) and
(Table 2).
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Peak tension per left ventricular weight

In hyperthyroid group, the PT/LV showed significant
differences between its basal value and each of 1SO3.46
(Z=4.20, p<0.005) and recovery values (Z=5.40, p<0.001)
with a mean rank of 7.10 for basal, 2.90 for ISO3.46 and
1.70 for recovery values. As regard the EVOO-treated-
hyperthyroid group, the PT/LV response to ISO1.73
(Z=4.05, p<0.01), ISO 2.60 (Z=4.75, p<0.001), ISO3.46
(Z=5.60, p<0.001) and recovery values (Z=6.65, p<0.001)
were significantly changed with a mean rank of 7.80 for
basal, 3.75 for ISO1.73, 3.05 for ISO 2.60 2.20 for ISO3.46
and 1.15 for recovery values.

The mean ranks of IS00.65 were (21.89, 9.45 and
14.35), of ISO1.3 were (24.11, 9.10 and 12.70), of ISO1.73
were (24.11, 9.90 and 11.90), of 1SO2.60 were (23.83,
10.85 and 11.20), of ISO3.46 were (23.44, 11.85 and 10.55)
and of the recovery values were (21.38, 10.89 and 10.90)
in control, hyperthyroid and EVOO-treated-hyperthyroid
groups respectively.

Comparing groups together, there were significant
differences in PT/LV values responses to different ISO
doses and in recovery values; 1SO0.65 (X*2)=10.21,
p<0.01), ISO1.3 (X*2)=15.84, p<0.001), ISO1.73
(X*(2)=15.23, p<0.002), 1SO2.60 (X*(2)=14.06, p<0.002),
1S03.46 (X*(2)=12.97, p<0.005) and recovery values
(X*(2)=, p<0.01) between different studied groups.

After Bonferroni adjusted pairwise comparison,
significant differences were detected in ISO0.65 between
control group and hyperthyroid (Z=12.44, p<0.005) group,
in ISO1.3 between control group and each of hyperthyroid
(Z=15.01, p<0.001) and EVOO-treated-hyperthyroid
(Z=11.41, p<0.02) groups, in ISO1.73 between control
group and each of hyperthyroid (Z=14.21, p<0.002) and
EVOO-treated-hyperthyroid (Z=12.21, p<0.01) group, in
ISO2.60 between control group and each of hyperthyroid
(Z=12.98, p<0.005) and EVOO-treated-hyperthyroid
(Z=12.63, p<0.005) group, in ISO3.46 were between
control group and each of hyperthyroid (Z=11.59, p<0.01)
and EVOO-treated-hyperthyroid (Z=12.89, p<0.005)
group and in recovery values between control group and
each of hyperthyroid (Z=10.49, p< 0.05) and EVOO-
treated-hyperthyroid (Z=10.48, p<0.02) groups.

PT/LV maximal response showed significant difference
between groups (X*(2) =13.50, p<0.002) with mean rank of
23.44 for control, 9.65 for hyperthyroid, 12.75 for EVOO-
treated-hyperthyroid groups. After Bonferroni adjusted
pairwise comparison, the significant differences were
between control group and each of hyperthyroid (Z=13.79,
p<0.002) and EVOO-treated-hyperthyroid (Z=10.69,
<0.02) groups.

PT/LV delta change showed significant difference
between groups (X*(2)=14.30, p<0.002) with mean rank of
23.39 for control, 13.65 for hyperthyroid, 8.80 for EVOO-
treated-hyperthyroid groups. After Bonferroni adjusted
pairwise comparison, the significant differences were
between control group and each of hyperthyroid (Z=9.74,
p<0.05) and EVOO-treated-hyperthyroid (Z=14.59,
p<0.002) groups. (Table 2) and (Figure 1)

Tension generation:

Compared to its basal values, dT/dt values of the control
group were significantly different at 1SO3.46 (Z=4.38,
p<0.002) and recovery values (Z=4.25, p<0.005) with a
mean rank of 6.12 for basal, 1.75 for ISO3.46 and 1.88 for
recovery values. The values of dT/dt in the hyperthyroid
group showed significant difference in response to ISO3.46
(Z=4.38, p<0.002) and recovery (Z=4.25, p<0.005) values
with a mean rank of 6.22 for basal, 2.94 for ISO3.46 and
1.61 for recovery values. Regarding the EVOO-treated-
hyperthyroid group, the response to 1SO1.73 (Z=3.00,
p<0.05), 1SO2.60 (Z=4.10, p<0.001), 1ISO3.46 (Z=4.80,
p<0.001) and recovery (Z=5.70, p<0.001) values with a
mean rank of 6.90 for basal, 3.90 for ISO1.73, 2.80 for
1S02.60, 2.10 for ISO3.46 and 1.20 for recovery values.

The mean ranks of ISO0.65 (15.69, 7.94 and 18.10),
ISO1.3 (19.12, 7.56 and 15.70), ISO1.73 (20.50,9.00 and
13.30), 1SO2.60 (21.25, 10.44 and 11.40) and 1SO3.46
(20.50, 10.89 and 11.60) in control, hyperthyroid and
EVOO-treated-hyperthyroid groups. Comparing groups
together, there were significant differences in all responses
to different ISO doses; 1S00.65 (X*(2)=8.27, p<0.02),
ISO1.3 (X*2)=9.73, p<0.01), ISO1.73 (X*(2)=9.01,
p<0.02), 1SO2.60 (X*(2)=9.55, p<0.01) and 1S0O3.46
(X*(2)=7.66, p<0.05).

After Bonferroni adjusted pairwise comparison,
there was significant difference in ISO0.65 between
hyperthyroid and EVOO-treated-hyperthyroid (Z= -10.16,
p<0.02) groups, ISO1.3 between control and hyperthyroid
(Z=11.50, p<0.01) groups, in ISO1.73 between control
and hyperthyroid (Z=11.57, p<0.01) groups, in ISO2.60
between control and each of hyperthyroid (Z=10.81,
<0.02) and EVOO-treated-hyperthyroid (Z=9.85, p<0.05)
and in ISO3.46between control and hyperthyroid (Z=9.61,
p<0.05) groups. (Table 2) and (Figure 1).

Time to peak tension:

Regarding TPT, compared to the basal values, the
response to different ISO doses in the 3 groups showed no
significant difference. The mean ranks of ISO0.65 (18.88,
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16.06 and 8.25), of ISO1.3 (18.75, 15.89 and 8.50) and of
ISO1.73 (19.19, 14.39 and 9.50) in control, hyperthyroid
and EVOO-treated-hyperthyroid groups.

Comparing groups together, there were significant
differences in the responses to the first 3 ISO doses;
ISO0.65 (X*(2) =8.91, p<0.02), ISO1.3 (X*(2)=8.22,
<0.02) and ISO1.73 (X*(2)=6.69, p<0.05) in the different
studied groups.

After Bonferroni adjusted pairwise comparison, there
was significant difference in ISO0.65 between control and
EVOO-treated-hyperthyroid (Z=10.63, p<0.02) groups, in
ISO1.3 between control and EVOO-treated-hyperthyroid
(Z=10.25, p<0.02) groups and in ISOI. between control
and EVOO-treated-hyperthyroid (Z=9.69, p<0.05) groups.

TPT maximal response showed significant difference
between groups (X*2) = 9.59, p<0.01) with mean rank
of 19.81 for control, 15.11 for hyperthyroid, 8.35 for
EVOO-treated-hyperthyroid groups. After Bonferroni
adjusted pairwise comparison, the significant difference
was only between control and EVOO-treated-hyperthyroid
(Z=11.46, p<0.01) groups. (Table 2) and (Figure 1).

Half relaxation time:

For the HRT, compared to the basal values, the
hyperthyroid group showed significant difference in the
recovery value (Z= -3.25, p<0.02) with mean rank of 2.45

] a) _ HR (bpm) i

for basal and 5.70 for recovery values. For the EVOO-
treated-hyperthyroid group, there was significant difference
between its basal and each of response to ISO3.46 (Z=
-3.45, p<0.01) and recovery value (Z= -4.15, p<0.001)
with mean rank of 2.65 for basal, 6.10 for ISO3.46, 6.80
for recovery values. Comparing groups together, there was
significant difference between the 3 groups in response to
ISO0.65 (X*(2) =7.99, p<0.02) with mean rank of 21.44
for control, 13.35 for hyperthyroid and 10.85 for EVOO-
treated-hyperthyroid group. After Bonferroni adjusted
pairwise comparison, the significant difference was
only between control and EVOO-treated-hyperthyroid
(Z=10.59, p<0.02) groups. (Table 2) and (Figure 1).

Myocardial flow rate per left ventricular weight:

Finally, MFR/LV, compared to the basal values, the
control group showed significant difference in the response
to ISO3.46 and recovery value (Z=4.71, p<0.002 for both)
with the mean rank of 6.50 for basal, 1.79 for both ISO3.46
and recovery values. The hyperthyroid group showed
significant difference in the response to [SO2.60 (Z=3.67,
p<0.01), ISO3.46 (Z=5.00, p<0.001) and recovery value
(Z=5.72, p<0.001) with mean rank of 7.00 for basal,
3.33 for ISO2.60, 2.00 for ISO3.46 and 1.28 for recovery
values. For the EVOO-treated-hyperthyroid group, there
were significant differences between its basal and each of
response to ISO2.60 (Z=4.00, p<0.002), ISO3.46 (Z=5.10,
p<0.001) and recovery value (Z=5.90, p<0.001) with mean
rank of 7.00 for basal, 3.00 for ISO2,60, 1.90 for ISO3.46,
1.10 for recovery values. Comparing groups together,
there was no significant difference between the 3 groups.
(Table 2) and (Figure 1).

PT/LV (@/100mg) ] ©) dTidt (g/msec)

Waeal  ISOBES  IS0130  FSONT IS0 PSS IS0046  Receessy B mobes 50l

i d) TPT (msec)

Hyperthyroid

EVOO treated-Hyperthyroid

Fig. 1: Isolated heart study: The baseline, graded response to isoproterenol infusion (0.65, 1.3, 1.73, 1.6 and 3.46 pg/min for 3 min) and
recovery Median values of a) Heart beating rate (HR), b) peak developed tension per left ventricular weight (PT/LV), c) rate of tension
development (Td/td), d) time to peak tension (TPT), e) half relaxation time (HRT) and f) and myocardial flow rate per left ventricular weight

(MFR/LV) in the from the different studied groups.

a: Significance calculated by Kruskal Wallis test followed by Bonferroni adjusted pairwise comparison at P< 0.05 compared to control group.
b: Significance calculated by Kruskal Wallis test followed by Bonferroni adjusted pairwise comparison at P< 0.05 compared to hyperthyroid

group.

*: Significant calculated by Friedman’s test followed by Bonferroni adjusted pairwise comparison at P< 0.05 compared to baseline value.
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Table 2: Median and interquartile range (IQR) of heart beating rate (HR), peak developed tension per left ventricular weight (PT/LV), rate of tension
development (dT/dt), time to peak tension (TPT), half relaxation time (HRT), and myocardial flow rate per left ventricular weight (MFR/LV); at baseline,
maximal responses to isoproterenol, and delta changes of perfused hearts isolated from all studied groups.

Baseline Maximal responses Delta changes
EVOO- EVOO- EVOO-
Control Hyperthyroid treated- Control Hyperthyroid treated- Control Hyperthyroid treated-
Hyperthyroid Hyperthyroid Hyperthyroid
HR 99.50 182.50 178.00 94.00 183.00 241.50 15.50 0.50 5.00
(bpm) (52.25-159.50)  (140.25-245.00)  (152.50-295.50) (53.50-206.50) (132.75-283.50) (147.25-285.00) (-13.25-50.50) (-32.50-55.00) (-29.00-64.00)
PTILV 1.53 0.95 1.54 2.02 0.79 0.94 0.64 -0.15¢ -0.47¢
(g/100 mg) (1.32-1.72)  (0.67-1.20)  (0.89-1.90)  (1.52-2.51)  (0.37-1.03)  (0.70-1.48)  (0.06-0.91) (-0.36- 0.05) (-0.62- -0.08)
0.05 0.04 0.06 0.04 0.023 0.05 -0.004 -0.008 -0.02°
dT/dt
(g/msec) (0.03-0.06)  (0.03-0.05) (0.04-0.09) (0.03-0.05)  (0.015-0.039)  (0.03-0.08)  (-0.01-0.02) (-0.021-0.008) (-0.02--0.01)
— 107.50 95.00 87.50 112.50 80.00 65.00 a 2.50 -15.00 -17.50
(msec) (88.75-115.00)  (77.50-112.50) (70.00-95.00) (80.00-137.50) (70.00-107.50) (53.75-78.75) (-22.50-32.50) (-40.00-22.50) (-26.25--3.75)
110.00 65.00* 52.50¢ 97.50 47.50 50.00 -22.50 -7.50 -2.50
HRT
(msec) (91.25-136.25)  (50.00-73.75) (50.00-70.00) (50.00-156.25) (41.88-83.13) (48.13-58.75) (-41.25-37.50) (-13.75-11.25) (-7.50- -1.88)
MFR/LV 1.58 2.13 241 1.40 1.48 1.98 -0.35 -0.44 -0.34
(ml /100mg/
min) (1.31-2.47)  (1.29-2.35) (1.47-2.97)  (1.04-2.12) (0.96-1.98) (1.39-2.37)  (-0.62-0.00) (-0.56--0.17) (-0.61--0.20)

a: Significance calculated by Kruskal Wallis test followed by Bonferroni adjusted pairwise comparison at P< 0.05 compared to control group.
b: Significance calculated by Kruskal Wallis test followed by Bonferroni adjusted pairwise comparison at P< 0.05 compared to hyperthyroid group.

Biochemical measurements:

There was statistically significant difference in serum
free T3 (X*(2)=13.43, p<0.002) between the three studied
groups, with a mean rank of 6.44 for control group,
19.80 for hyperthyroid group and 17.90 for EVOO-
treated-hyperthyroid group. After Bonferroni adjusted
pairwise comparison, the significant differences were
only between control group and each of hyperthyroid
(Z= -13.36, p<0.005), EVOO-treated-hyperthyroid (Z=-
11.46, p<0.02) groups. Serum free T4 was significantly
increased while serum TSH was significantly decreased
in both hyperthyroid and EVOO-treated-hyperthyroid
groups as compared to control rats. Cardiac tissue HO-1
was significantly increased in hyperthyroid group as
compared to control group, on EVOO treatment HO-1 was
significantly decreased as compared to hyperthyroid group
being comparable from controls. (Table 3).

Table 3: Median and interquartile range (IQR) of serum tri-
iodothyronin (T3), Meant SD of tetra-iodothyronin (T4)
and thyroid stimulating hormone (TSH) and cardiac tissue
hemeoxygenase 1 (HO-1) levels in all studied groups.

EVOO-
Control Hyperthyroid treated-
Hyperthyroid
T3 6.80 16.90¢ 14.60¢
(pg/ml)
(4.90-7.95)  (9.38-19.73)  (9.80-18.15)
T4 (ng/dl) 2.194+0.56 6.98+2.43° 7.08+1.59°
TSH (ulU/ml)  0.01+0.005 0.0120.00° 0.01=0.00?
Cardiac HO-1
(ng/mg) 3.06+0.81 15.2549.72¢  8.08+2.45"

In Parametric data

a: Significance calculated by One-way ANOVA followed by
Post Hoc Bonferroni test from control group.

b: Significance calculated by One-way ANOVA followed by
Post Hoc Bonferroni test from hyperthyroid group.

a: Significance calculated by Kruskal Wallis test followed by
Bonferroni adjusted pairwise comparison compared to control
group.
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Correlation studies:

Serum T3 showed significant positive correlation with
cardiac hemeoxygenase-1, relative left ventricular weight,
R wave voltage and in vivo heart rate, while it showed
significant negative correlation with PR interval, peak
tension per left ventricle after last dose of isoproterenol
infusion.

Cardiac angiotensin Il receptors mean area % and optical
density either before being subjected to isolated heart study
or after isolated heart study showed significant positive
correlation with serum T3, cardiac hemeoxygenase-1,

relative left ventricular weight, R voltage and in vivo heart
rate, while they showed significant negative correlation
with PR interval, basal peak tension per left ventricle, peak
tension per left ventricle after infusion of isoproterenol last
dose

Cardiac hemeoxygenase-1 showed significant positive
correlation with relative left ventricular weight, R wave
voltage and in vivo heart rate, while it showed significant
negative correlation PR interval, peak tension per left
ventricle after infusion of isoproterenol last dose and
tension generation after infusion of isoproterenol last dose.
(Table 4).

Table 4: Spearman correlation of serum T3, cardiac angiotensin II receptor mean area %, optical density and cardiac hemoxygenase-1

levels with different parameters.

Cardiac Ang-II R

Serum T3  Not subjected to isolated heart study ~ Subjected to isolated heart study ~ Cardiac HO1
Mean area % OD Mean area % OD

rs - 0.605 0.412 0.641 0.497 0.697
Serum T3

P - <0.001 <0.05 <0.001 <0.01 <0.001

rs 0.697 0.676 0.622 0.724 0.688 --
Cardiac HO1

p <0.001 <0.001 <0.001 <0.001 <0.001

y rs 0.441 0.420 0.526 0.540 0.513 0.594

LV/BW

P <0.05 <0.05 <0.01 <0.01 <0.01 <0.001

rs 0.425 0.390 0.502 0.531 0.455 0.477
R voltage

P <0.05 <0.05 <0.01 <0.01 <0.05 <0.01
HR rs 0.591 0.550 0.482 0.676 0.452 0.634

P <0.001 <0.01 <0.01 <0.001 <0.05 <0.001

rs -0.367 -0.729 -0.610 -0.634 -0.618 -0.557
PR interval duration

P <0.05 <0.001 <0.001 <0.001 <0.001 <0.01
Basal rs -0.284 -0.444 -0.587 -0.494 -0.607 -0.302
PT/LV P 0.135 <0.05 <0.001 <0.01 <0.001 0.118

rs -0.461 -0.541 -0.551 -0.504 -0.643 -0.589
ISO last dose PT/LV

P <0.05 <0.01 <0.01 <0.01 <0.001 <0.001

rs -0.286 -0.457 -0.432 -0.570 -0.440 -0.390
ISO last dose dT/dt

P 0.149 <0.05 <0.05 <0.01 <0.05 <0.05

rs: Spearman rank correlation coefficient.
P: Significance level of spearman rank correlation.
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Histopathological examination of left ventricular
specimens:

Hematoxylin and Eosin (H&E) stained sections:

* Not subjected to isolated heart study: Examination
of the H&E-stained left ventricle specimens from
rats not subjected to the isolated heart study of the
control group revealed regularly arranged cardiac
muscle fibers, appearing branching anastomosing and
running in various directions. The cardiomyocytes
appeared striated and showed central vesicular
nuclei and acidophilic sarcoplasm. In transverse
section, the cardiac myocytes appeared more or

less comparable in size with noticeable myofibrillar
content (Figure 2a). Cardiac specimens from the
hyperthyroid group revealed apparent structural
changes in the cardiac muscle fibers. Many fibers
appeared irregularly arranged, widely separated and
discontinuous in many areas. Some fibers appeared
enlarged with deep acidophilic cytoplasm and
pyknotic nuclei. Mononuclear cellular infiltration and
congestion was also detected in this group (Figure
2b,c). Examination of the cardiac muscle fibers of
the EVOO-treated hyperthyroid group revealed
branching and anastomosing fibers. The cardiac
muscle fibers appeared similar to the control group
being acidophilic with central vesicular nuclei, with
minimal mononuclear infiltration (Figure 2d).

Fig. 2: Photomicrograph of H&E-stained heart sections in rats non subjected to isolated heart study. (a) Control group: Showing regularly
arranged cardiac muscle fibers. They show acidophilic cytoplasm and central vesicular nuclei (). Inset: Showing transverse section of
cardiac muscle fibers uniform in size. (b) Hyperthyroid group: showing an area of widely separated discontinuous (1) cardiac muscle fibers
(A), mononuclear cellular infiltration can be seen (*). (¢c) Hyperthyroid group: Showing enlarged cardiomyocytes with deep acidophilic
cytoplasm and pyknotic nuclei (1) in between regular sized cardiomyocytes (A) and area of congestion (C) is detected (B). (d) EVOO-treated
hyperthyroid group: Showing cardiomyocytes regularly arranged with vesicular nuclei (1) and acidophilic cytoplasm, minimal mononuclear

infiltration can be detected (thick arrow).

*  Subjected to isolated heart study:

Examination after the isolated heart study, following
rat exposure to isoproterenol infusion the control group
revealed moderate distortion of the cardiomyocytes. They
appeared branching and anastomosing with focal separation
and discontinuity between the fibers. Some fibers showed
deep acidophilic cytoplasm (Figure 3a). Cardiac specimen
from hyperthyroid group revealed marked affection of the

(H&E, X 400)

left ventricle. The cardiomyocytes appeared irregularly
arranged with marked separation. The fibers showed
marked vacuolation and some fibers appeared apparently
enlarged, deeply acidophilic with pyknotic nuclei.
Mononuclear cellular infiltration and congestion were
detected in these specimens (Figure 3 b,c,d). EVOO-treated
hyperthyroid group showed some fibers similar to the
control group while others were affected. Focal separation
between the fibers was detected. Moderate congestion was
also detected in this group (Figure 3 e,f).
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Fig. 3: Photomicrograph of H&E-stained the cardiac muscle fibers in rats subjected to isolated heart study:
(a) Control group: Showing focal interrupted and discontinuous (1) cardiac muscle fibers. Notice some fibers show deep acidophilic cytoplasm
(*). (b) Hyperthyroid group: Showing widely separated (*) cardiomyocytes. Some fibers show cytoplasmic vacuolation (1). (¢) Hyperthyroid
group: Showing an area of enlarged deep acidophilic cardiomyocytes with shrunken pyknotic nuclei (7). Some fibers show vacuolated
(thick arrow) cytoplasm (A). A large deep acidophilic cardiomyocyte with a small pyknotic nucleus is seen between regular sized cardiac
muscle fibers (B). (d) Hyperthyroid group: Showed an area of mononuclear cellular infiltration (A) and an area of congestion (C) between
the cardiomyocytes (B). (¢) EVOO-treated hyperthyroid group: Showed widely separated cardiomyocytes with acidophilic cytoplasm. (f)
EVOO-treated hyperthyroid group: Showed marked congestion of blood vessel between the cardiomyocytes (C). (H&E, X 400).

Angiotensin II receptorl immunohistochemistry:

*  Not subjected to isolated heart study: Examination *  Subjected to isolated heart study: Cardiac specimens
of cardiac specimens from the control group showed from the control group after isoproterenol infusion
weak positive reaction for angiotensin II receptor showed weak positive reaction for angiotensin II
which appeared brown in color with little distribution receptor with little distribution (Figure 4d). The
(Figure 4a). The hyperthyroid group showed a hyperthyroid group showed widely distributed
widespread distribution of a moderate positive reaction extensive strong positive reaction for angiotensin II
(Figure 4b). In the EVOO-treated hyperthyroid group, (Figure 4e). The EVOO-treated hyperthyroid group
the reaction was weak and similar to the control group showed moderate positive reaction (Figure 4f).
(Figure 4c).
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Fig. 4: Immunohistochemistry of Angiotensin II receptor in the cardiac muscle fibers:
In rats not subjected to isolated heart study (a) Control group: Showed weak positive reaction. (b) Hyperthyroid group: Showed widespread
moderate positive reaction. (¢) EVOO-treated hyperthyroid group: Showed weak positive reaction. In rats subjected to in isolated heart study
(d) Control group: Showed weak positive reaction. (¢) Hyperthyroid group: Showed widespread strong positive reaction. (f) EVOO-treated
hyperthyroid group: Showed moderate positive reaction. (Streptavidin-biotin peroxidase, X400)

Histomorphometric analysis:

*  Not subjected to isolated heart study: The mean area *  Subjected to isolated heart study: Both the mean area
% and mean optical density of angiotensin II receptor % and mean optical density of angiotensin II receptor
were significantly increased in the hyperthyroid group were significantly increased in the hyperthyroid and
as compared to its counter control group. On the other the EVOO-treated hyperthyroid groups as compared
hand, the EVOO-treated hyperthyroid group showed a to their counter control group. On the other hand,
significant decrease as compared to the hyperthyroid the EVOO-treated hyperthyroid group showed a
group and a non-significant increase as compared to significant decrease as compared to the hyperthyroid
the control group (Table 5). group (Table 5).

Table 5: Mean+ SD of mean area percentage (%) and optical density (O.D.) of cardiac angiotensin (Ang) II receptor in rats both not
subjected and subjected to isolated heart study in all studied groups.

Control Hyperthyroid EVOO-treated-Hyperthyroid
. Mean area % 1.43+0.11 16.95 £2.41° 1.74 £0.14°
Not subjected
O.D. 58.36+4.05 72.63+2.80° 61.43+£2.38°
. Mean area % 3.23+0.52 33.65+4.45* 6.28+0.23%
Subjected
O.D. 62.40+7.29 82.87+7.81¢ 73.17+5.75%

a: Significance calculated by One-way ANOVA followed by Post Hoc Bonferroni test at P<0.05 from control group. b: Significance
calculated by One-way ANOVA followed by Post Hoc Bonferroni test at P<0.05 from hyperthyroid group.
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DISCUSSION

This study portrayed the possible cardioprotective
effects of EVOO supplementation in experimentally
induced hyperthyroidism rat model, through assessment
of ECG changes, cardiac intrinsic properties and their
responses to isoproterenol infusion as a beta agonist. Also,
the study highlighted the role of angiotensin II receptorl
expression in mediating these effects.

Hyperthyroid state was established after administration
of 100pg/kg L-thyroxine evidenced by significant
elevation in serum free T3, T4 accompanied by significant
decrease in serum TSH, % BW and %BMI compared
to the control group. The noticed weight reduction is a
primary sign of hyperthyroidism owing to the increased
basal metabolic rate and oxygen consumption in tissuest*.
Olive oil supplementation increased weight loss due to the
added inhibitory effect on lipid formation exerted by its
polyphenolic compounds.

The significant body weight reduction added to
the significant increase in absolute ventricular weights
resulted in significant increased relative ventricular
weights in hyperthyroid groups. This denoted cardiac
hypertrophy similar to previous earlier reports®!, which
might result from either left ventricular loading consequent
to the adrenergic nervous system stimulation by thyroid
hormone®® or due to a direct response of thyroid hormone
supported by the positive correlation between T3 and
relative left ventricular weight. This could be related
to thyroid hormone ability to increase rates of protein
synthesis, upregulate the gene expression of several cell
proliferating signaling pathways??®..

Also, itmight berelated to the close relationship between
thyroid hormones and the renin-angiotensin system owing
to the proposed role of angiotensin II as a growth factor
that can induce cardiac growth and hypertrophy through
angiotensin II receptors leading to the activation of the
mitogen activated protein kinases (MAPK)Z7.

The significant increase in area percentage and
optical density of cardiac angiotensin II receptors in
immunohistochemical studies of hyperthyroid group
added to their positive correlation with serum T3 and left
ventricular weight advocates this assumption. This goes
with previous reports which suggested that thyroid hormone
may increase the angiotensin II receptors expression,
enhance the cardiac expression of renin mRNA, leading
to increased cardiac levels of renin and angiotensin I1%%,
In the same context, previous studies by Kim et al.*®
stated that angiotensin receptor type I blockers were more

effective than -blockers in improving cardiac hypertrophy
induced by hyperthyroidism, highlighting angiotensin role.

Further, Ang II-induced cardiac hypertrophy may be
mediated through augmenting reactive oxygen species
production®”, which play an important role in mediating
hypertrophy through promoting myocardial growth,
extracellular matrix remodeling by activating hypertrophy
signaling kinases and transcription factors?*!. The elevated
oxidative state in the hyperthyroid group was reflected by
the significant increase of HO-1 being an antioxidative
defense mechanism, with a positive correlation detected
between HO-1 and both serum T3, cardiac angiotensin II
receptors. Also, cardiac HO-1 was positively correlated
with relative left ventricular weight. This was in
accordance with earlier study by Ruiz-Ortega et al.?* who
claimed that Ang II up-regulates HO-1 a stress-responsive
protein, as an adaptive response to oxidative injury. In
addition, Campbell et al.** stated that HO-1 is known to
be upregulated by most cells in response to pro-oxidant
stimuli to provide protection against oxidative damage.

Also, Lietal.P¥stated that T3 upregulate HO- 1 expression
accompanied with transient induction of oxidative stress to
offer cytoprotection through its antioxidant function. Ha
et al. ) explained that the activated f1-adrenoreceptors in
hyperthyroid state might upregulate HO-1 gene expression
through stimulating cyclic adenosine monophosphate
which activates p38 MAPK activity and nuclear factor-
erythroid-related factor 2.

EVOO supplementation was able to decrease area
percentage and optical density of angiotensin II receptors
in immunohistochemical studies which was accompanied
by improvement of the oxidative state evidenced the
consequent significant reduction in HO-1 enzyme.
Similarly, Araujo et al.B’® stated that the increase in
HO-1 several folds reflected cardiac injury by different
inflammatory stressors after transplantation.

In line with this study, Martin-Pelaez et al.®") reports
that olive oil might modulate the expression of some of the
genes related to the renin-angiotensin-aldosterone system
owing to its phenolic compounds. In addition, Vazquez et
al.B® detected significant decrease in serum angiotensin
II in rats following olive oil treatment. This improved
oxidative state could also result from the direct activity
of EVOO phenolic compounds as hydroxy tyrosol and
secoiridoids?®’. This could explain the partial attenuation
of ventricular hypertrophy in olive oil-treated hyperthyroid
group indicated by lower absolute left ventricular weight
than hyperthyroid group. Meanwhile absolute left
ventricular weight was still higher than that of the control
denoting that given olive oil dose was not able to fully revert
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cardiac hypertrophy owing to their inability to combat
the adrenergic effect of the high thyroid hormones. Also,
relative left ventricular or whole heart weights were non-
significantly changed from the hyperthyroid group which
can be related to the significant body weight reduction in
this group.

In line with the recorded ventricular hypertrophy,
QRS duration and R wave were significantly increased
in hyperthyroid-treated and EVOO-treated groups.
Increased sympathetic activity in hyperthyroid group was
associated with significant increase in HR and shortening
in PR interval, which showed a positive correlation and
negative correlation with thyroid hormone respectively.
Thyroid hormone can increase the expression of sinus node
L-type calcium channel, activate hyperpolarization cyclic
nucleotide channels enhancing pacemaker potential™®.
Also, enhanced conduction through myocardial gap
junctions might explain short PR interval owing to
connexin-40 mRNA upregulation due to direct action of
thyroid hormone!*!), consequent to increased angiotensin
1144 or due to the associated oxidative stresst*’l. Olive oil
antioxidant activity and decreased angiotensin II receptor
expression might explain its ability to restore PR interval
to its normal level.

The in-vitro recording matches with the in-vivo recorded
tachycardia, suggesting the direct effect of thyroid hormone
on sinus node ion channels, myocardial transporters and
exchangers that regulate cellular excitability!*l. Meanwhile,
heart rate delta change was lower than control, suggesting
lower cardiac reserve and inability to further increase heart
rate. In olive oil supplemented group, although basal heart
rate was still higher than control, delta change of heart rate
in response to isoproterenol infusion was improved.

In vitro studies revealed deterioration in the inotropic
activity in hyperthyroid group, proved by the significant
decrease in the basal PT/LV, non-significant decrease
in basal dT/dt time compared to the control group. This
deterioration was augmented following isoproterenol
infusion with lower delta PT/LV and dT/dt values denoting
early toxicity following adrenergic stimulation. In spite
of the significant shortening of basal HRT, following
isoproterenol infusion HRT delta change was lower than
that of the control.

Systolic and diastolic cardiac dysfunction could be
attributed to increased tissue sensitivity to catecholamines
in hyperthyroidism which might hyper-phosphorylate
Ryanodine Receptor 2 (RyR2) the calcium release channel
or displace calstabin, the calcium channel stabilizer, from
RyR2, altering the gating of the channel, which results in
Ca2+ leakagel®.

Calcium overload also might result from the associated
tachycardia, enhanced oxidative stress or the elevated
angiotensin receptors expression which showed significant
elevation after isoproterenol infusion. In the same
context, Bhullar et al.,* stated that Ang-II-R1-mediated
intracellular signal transductions contribute to progression
of cardiac remodeling and cardiomyocyte calcium overload.
Cardiomyocyte Ca2+ -overload produces mitochondrial
Ca2+-overload with alterations in electron transport
chain, generation of reactive oxygen species triggering
the opening of mitochondrial permeability transition Pore
with consequent depression in ATP production, metabolic
derangements that end with cardiomyocyte apoptosis and
cellular damaget*®l. This was supported by the significant
negative correlation between angiotensin II receptor
expression and basal peak tension per left ventricle, peak
tension per left ventricle and

This was reflected in histological examination that
showed irregularly arranged, widely separated and
discontinuous cardiac muscle fibers with pyknotic nuclei
denoting damaged myocardial cells. Therefore, thyroid
hormones induced cardiac hypertrophy, remodeling,
enhanced angiotensin II sensitivity with consequent
elevated oxidative stress might overcome their ability
to enhance sarcoplasmic/endoplasmic reticulum Ca2+-
ATPase (SERCA) leading to cardiac dysfunction!*”.

EVOO treatment imparted partial mitigation in
cardiac intrinsic properties. It increased basal PT/LV
and dT/dt being non-significant from the control, but it
didn’t improve the delta changes following isoproterenol
infusion. Histological examination revealed branching
and anastomosing cardiac muscle fibers similar to the
control group being acidophilic with vesicular nuclei.
Cardiac hemeoxygenase-1 levels showed significant
negative correlation with basal PT/LV reflecting that the
improved oxidative and inflammatory states deduced
from lower hemeoxygenase-1 levels could be linked to the
improvement in cardiac systolic properties.

In the same context, olive oil was able to improve
cardiac function in spontaneously hypertensive rats?)
and in myocardial infarction model™®. This improvement
could be attributed to the ability of hydroxy tyrosol a
major polyphenol and one of the main constitutes of olive
oil to promote antioxidant genes as catalase or thioredoxin
reductasel*.

Further, olive oil ability to decrease angiotensin II
receptorsexpressionaswasshowninimmunohistochemistry
might hinder the effects of angiotensin II. Angiotensin
II up-regulates NADPH oxidase and down-regulates
antioxidants, increasing oxidative stress in a positive
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feedback manner leading to mitochondrial damage,
endoplasmic reticulum stress, deoxyribonucleic acid
damage and eventual cell death®.

The increase in myocardial flow rate in hyperthyroid
and olive oil groups could be explained by the increased
cardiac work and oxygen consumption®". Meanwhile,
following beta agonist injection, delta change coronary flow
in olive oil treated rats was similar to control. This could
be explained by the ability of oleic acid a major constituent
of olive oil to inhibit the proliferation of vascular smooth
muscles induced by angiotensin II%%, inhibit inflammatory
effect of nuclear factor kappa B, alleviate oxidative stress
which will mitigate endothelial dysfunction®®.

CONCLUSION

Therefore, it was concluded that EVOO was able
to impart partial protection on cardiac dysfunction in
hyperthyroid states as it improved some ECG parameters,
basal cardiac inotropy, cardiac responses to isoproterenol
and myocardial flow rate. This effect could be related to
the ability of EVOO to decrease angiotensin II receptors
percentage in immunohistochemistry with consequent
mitigation in oxidative state evidenced by the decrease in
cardiac heme-oxygenase 1.
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