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ABSTRACT

Background: Thyroid dysfunction is associated with increased cardiovascular morbidity and mortality.
Hyperthyroidism increases the susceptibility of the heart to ischemia reperfusion injury. Moreover,
myocardial ischemia can be further worsened by increased cardiac workload and oxygen demand elicited by
the excess thyroid hormones.

Objectives: Investigating the cardiac dysfunction induced by ischemia-reperfusion (IR) in rats exposed to
excess thyroid hormones and role of somatostatin analogue against ischemia/reperfusion injury in
hyperthyroid rats.

Patients and Methods: This study was performed on 24 adult male albino rats of a local strain weighing
140-200 g, allocated into three equal groups: Group | (Control IR group): Euthyroid control group exposed
to ischemia-reperfusion. Hearts of this group were isolated and perfused in a Langendorff apparatus. Isolated
hearts were subjected to 15 min of stabilization, 20 min of zero-flow global ischemia and 30 min of
reperfusion. Group Il (Hyperthyroid IR group) were subjected to the same protocol of ischemia reperfusion.
Group Il (Hyperthyroid IR-OCT group): Hyperthyroid rats were supplemented with the somatostatin
analogue, octreotide (OCT), 35 ug/kg subcutaneously, 20 minutes before sacrifice, followed by in-vitro study
of cardiac responses to ischemia reperfusion. Blood samples were collected for measurement of plasma free
T3, T4 and TSH. Coronary efflux lactate dehydrogenase levels were measured. Also, cardiac tissue
malondialdehyde (MDA) levels and tumor necrosis factor alpha (TNF-a) levels were estimated.

Results: Hyperthyroid (IR) rats revealed significant elevation in plasma free T3 and T4 with concomitant
decrease in TSH levels. A significant reduction in final BW and BW gain were observed with higher absolute
weights of left ventricle (LV) and cardiac index compared to the euthyroid controls. Systolic blood pressure
(SBP) and mean arterial pressure (MAP) significantly elevated in non-treated hyperthyroid rats with a
significant increase in their baseline chronotropic and inotropic activity compared to euthyroid control rats.
But after ischemia those rats exhibited significantly higher degree of bradycardia (AHR) and % change in
heart rate (HR) compared to control rats. Moreover, significantly deteriorated post-ischemic recovery of
inotropic parameters and significantly higher A changes of these parameters were observed compared to
euthyroid controls. These changes were accompanied by significant elevation in coronary efflux LDH levels
and both cardiac tissue MDA and TNFa. Meanwhile, octreotide administration to hyperthyroid rats showed
improvement of their baseline chronotropic and inotropic parameters as evidenced by the significantly
reduced degree of bradycardia as well as significantly lower A change of PT and PT/LV parameters
compared to non-treated hyperthyroid rats. Such findings could be ascribed partly to the reduction of
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oxidative and inflammatory responses to IR as determined by the significantly decreased cardiac tissue MDA

and TNFa respectively.

Conclusion: Hyperthyroid hearts are less tolerant to ischemia/reperfusion injury with higher susceptibility to
oxidative stress as well as overproduction of pro-inflammatory mediators. Thus, pharmacological targets that
defend oxidative challenge and confer anti-inflammatory properties, namely octreotide (somatotstatin
analogue) are considered to have potential therapeutic effect and may protect against myocardial ischemic

damage in hyperthyroidism.

Key words: Ischemia reperfusion injury, hyperthyroid, oxidative stress, inflammation, somatostatin,

octreotide.

INTRODUCTION

Thyroid hormones are known to play
crucial roles in the regulation of
cardiovascular functions. Cardiac
inotropic, chronotropic properties as well
as vascular resistance are directly affected
by thyroid hormones levels (Seara et al.,
2018).

Hyperthyroidism is associated with
tachyarrhythmias, cardiac  hypertrophy
and heart failure with increased
cardiovascular morbidity and mortality
(Rodondi et al., 2008). The high levels of
thyroid hormones increase the
susceptibility ~ of  the  heart to
ischemia/reperfusion (IR) injury, elevate
apoptotic rate of  hypertrophied
cardiomyocytes, and increase heart failure
(Wang et al.,, 2010). Such deleterious
effects are attributed to increased rate of
ATP consumption, redox imbalance and
overproduction of ROS encountered in
hyperthyroidism (Zaman et al., 2014).

Moreover, myocardial ischemia can be
further worsened by increased cardiac
workload and oxygen demand elicited by
the excess thyroid hormones (Pantos et
al., 2011 and Seara et al., 2018).

Somatostatin (SS) is a peptide, known
predominantly for its inhibitory action on
growth hormone, however, SS is localized
in the nerve fibers within muscle bundles

of both the atria and ventricles with a
surprising high level of somatostatin
receptors (SSTR) expressed in the rat
heart with different distribution of the
receptor subtypes in cardiac fibroblasts
and cardiomyocytes (Widiapradja et al.,
2017).

Octreotide, a synthetic analogue of

somatostatin - can  mimic  ischemic
preconditioning (PC) to  provide
cardioprotection  against ~ myocardial

infarction through activation of protein
kinase C, tyrosine kinase C, and
mitochondrial ATP-sensitive potassium
channels (Wang et al., 2005).

Although thyrotoxic hearts are more
vulnerable to IR damage, up to our
knowledge, only a recent study performed
by Seara et al. (2018) has issued the
progression of ischemia reperfusion injury
in rat hearts exposed to supraphysiological
concentration of thyroid hormones .

In addition, most experimental data on
somatostatin analogue has focused on the
“non-diseased” myocardium (Wang et al.,
2005) or other ischemic organ damage
such as hepatic ischemia reperfusion
injury (Yang et al., 2014). Yet, no
available studies in the literature have
accessed its cardioprotective role against
IR injury in the presence of disease
conditions such as hyperthyroidism .
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The present study was designed to
investigate  the cardiac  dysfunction
induced by ischemia-reperfusion in rats
exposed to excess thyroid hormones and
through more light on the potential role of
somatostatin analogue against
ischemia/reperfusion injury in
hyperthyroid rats.

MATERIALS AND METHODS

Experimental animals:

The present study was performed on 24
adult male albino rats of local strain
weighing 140-200 g. Rats were purchased
from the Egyptian Organization for
Biological Products and  Vaccines
(VACSERA) and were kept in the Animal
House, Physiology Department, Faculty of
Medicine, Ain Shams University under
standard conditions of boarding and
feeding with free water access. Animals
were kept in their cages, (30cm width x
50cm length x 20 cm height, 4 rats/cage),
well ventilated, and in normal day/night
cycle. Ethical approval for the study was
given by the Research Ethics Committee,
Faculty of Medicine, Ain  Shams
University (FMASU, REC, Cairo, Egypt).
The study period was 8 weeks during
which rats were allocated into three equal
groups:

Group | (Control IR group):
Euthyroid control group exposed to
ischemia-reperfusion. Hearts of this
group were isolated and perfused in a
Langendorff  preparation.  Isolated
hearts were subjected to 15 min of
stabilization, 20 min of zero-flow
global ischemia and 30 min of
reperfusion.

Group Il (Hyperthyroid IR group):
Hyperthyroid rats were subjected to
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the same ischemia

reperfusion.

Group Il (Hyperthyroid IR-OCT
group): Hyperthyroid rats were
supplemented with the somatostatin
analogue, octreotide (OCT), 35 pg/kg
subcutaneously, 20 minutes before
sacrifice, followed by in-vitro study of
cardiac  responses to  ischemia
reperfusion.

protocol of

Induction of Hyperthyroidism:

Rats in the experimental hyperthyroid
groups (groups 1&II) were given
intraperitoneal injection of L-thyroxine
(Sigma chemicals Co., St. Louis, MO), in
a dose of 10 pug /100g body weight, daily
for 8 weeks (Jiang et al.,, 2001). L-
thyroxine was dissolved in a minimum
amount of NaOH, and then the
concentration was adjusted to 2 x 10-3 M
by dilution with normal saline solution
(Komeda et al., 1977). Final pH was
adjusted at 7. Euthyroid control rats
(group 1) were injected intraperitoneally
with an equivalent volume of saline
diluted-NaOH solution (the solvent for L-
thyoxine) daily for 8 weeks.

Administration of Octreotide

(Somatostatin Analogue):

It was given to group Il in the form of
sandostatin  purchased from Novartis
Pharm Co., in a dose of 35 pgkg
subcutaneously, 20 minutes prior to IR
(Wang et al., 2005).

Measurement of  Arterial Blood
Pressure:  Arterial blood  pressure
(systolic, diastolic and mean) was

performed the day before scarification
using the non-invasive small animal tail
blood pressure system (NIBP200A,
Biopac systems Inc., USA).
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Experimental Procedures:

On the day of sacrification, overnight
fasted rats were weighed, and then
injected intraperitoneally with 5000 1U/Kg
B.W heparin sodium (Nile Company,
Egypt). Fifteen minutes later, the rats were
anesthetized with intraperitoneal injection
of thiopental sodium (Sandoz, Austria), in
a dose of 40 mg/kg B.W. A midline
abdominal incision was made to expose
and cannulate the abdominal aorta. Blood
samples were taken from the abdominal
aorta and collected in heparinized plastic
tube which was then centrifuged at 4000
rpm for 10 minutes to separate plasma.
The plasma was then pipetted into clean
storage tubes and stored at -200C for later
determination of free T3, T4, TSH.

Isolated Heart Study:

Isolated hearts were immediately
transferred to a constant pressure
Langendorff apparatus. A baseline

recording was obtained at a speed of
50mm/sec to determine the baseline
beating rate (HR), peak tension (PT),time
to peak tension (TPT) and half relaxation
time (% RT). Myocardial flow rate (MFR)
was determined by collecting the fluid
passing out of the heart in a glass beaker
for 3 minutes (Ayobe and Tarazi, 1983).

Total global ischemia was induced by
stopping of the perfusion fluid delivered
to the heart by a clamp for 20 minutes.
Cardiac responses (HR, PT, TPT&Y: RT)
and MFR were recorded during 5, 15 and
30 minutes of reperfusion following 20
minutes of total global ischemia. The
values of different cardiac responses were
calculated from the recordings as follows:

The heart rate (HR, beats per minute)
was calculated by the formula:

HR: 3000 was divided by the distance in
(mm) between two successive peaks of
tension.

For irregular HR: 15000 was divided by
the distance between 5 successive peaks.

The peak tension (PT, g), which is the
amplitude of the recorded contraction
force, was measured in mm and
equivalent force in g was obtained from
calibration curve. The peak tension was
calculated per left ventricular weight
(PT/LV, g/1b00mg).

The myocardial flow rate (MFR,
ml/min) was calculated per minute. MFR
was, also, calculated per left ventricular
weight (MFR/LV, ml/min/100mg).

Determination of Cardiac Weights:

Following heart perfusion, hearts were
washed with normal saline, dried by filter
paper and cleaned from fat and fibrous
tissue. They were wrapped in parafilm and
frozen at -800C. Cardiac chamber weights
(atria, right ventricle and left ventricle)
and whole heart weight were expressed as
absolute value in (mg) as well as relative
values (absolute weight/ body weight
ratio, cardiac indices) in mg/g.

Biochemical Analysis:

- Plasma Free T3, T4 and TSH Levels
were carried out by
electrochemiluminescence immunoassay
"ECLIA" techniques, using kits supplied
by Roche Diagnostics Switzerland
(Fisher, 1996).

- Cardiac Tissue Malondialdehyde
(MDA)  Levels were  measured
according to the technique of (Ohkawa
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et al., 1979). This was performed using
kits supplied by Bio-diagnostic, Egypt.

- Tumor Necrosis Factor Alpha (TNF-
o) Levels in Cardiac Tissue were
determined via a commercial rat
quantitive ELISA kit (R&D systems
Co., USA) (Tartaglia and Goeddel,
1992).

- Coronary Efflux Lactate
Dehydrogenase  Levels:  Coronary
efflux was collected during 30 minutes
of reperfusion and was used for the
measurement of lactate dehydrogenase
(LDH) activity in IU/L
spectrophotometrically (LDH UV Fluid,
Rolf Greiner Biochemica, Germany).
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LDH release was expressed per gram of
tissue and was used as an index of
myocardial injury (Astles et al., 1994).

Statistical Analysis:

Statistics were done using statistical
package for the social sciences (SPSS)
program (SPSS Inc., version 20). All data
were expressed as mean + standard error
of mean (SEM). Statistical significance
for data was determined using a one-way
analysis of variance (ANOVA) with post-
hoc test, LSD (least significant difference)
and student’s “t” test for paired data. The
level of significance was accepted when P
<0.05 (Armitage and Berry, 1987).

RESULTS

Arterial Blood Pressure Changes (Table
1): Concerning SBP and MAP, non-
treated hyperthyroid (IR) rats showed
significant elevation of these parameters
compared to control rats (P<0.001).
Moreover, the hyperthyroid (IR)-OCT rats
exhibited significant reduction in their

SBP and MAP compared to non-treated
hyperthyroid (IR) rats (P<0.001) and
being none  significantly  changed
compared to control group. The DBP did
not show any significant difference among
the three studied groups.

Table (1): Mean £+ SEM values of systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean arterial pressure (MAP) in the three studied

groups
Groups | Control (IR) | Hyperthyroid | Hyperthyroid (IR)-
group (IR) group OCT group
Parameters (8) (8) (8)
SBP (mmHQg) 124 +4.18 161+ 6.50 ° 120+ 3.71°
DBP (mmHg) 74 £2.44 72+1.55 77 £2.60
MAP (mmHg) 100 £ 3.84 127+ 2.98° 103 + 4.33°

a: Significance from control group (IR) calculated by LSD.
b: Significance from hyperthyroid (IR) group calculated by LSD.
The number of observations was given in parentheses.
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Body Weight (B.W) and Body Weight
Gain (Table 2): Initial BW was not
significantly changed among all rat
groups. The final BW in the control group
was significantly increased compared to
the initial values (P<0.01), while the final
BW in both hyperthyroid groups did not

significantly change compared to their
initial values. On the other hand, final BW
and BW gain significantly reduced in both
the hyperthyroid (IR) and hyperthyroid
(IR)-OCT groups compared to control
group (P<0.01 for both).

Table (2): Mean + SEM values of initial body weight (g), final body weight (g) and
body weight gain (%) in the three studied groups

Groups Control (IR) Hyperthyroid Hyperthyroid (IR)-
group (IR) group OCT group
Parameters (8) (8) (8)
Initial b‘();)y Weight |4 45 5045.74 154.25+6.11 150+2.67
Final bog;)/ weight | 013 ggw 139.12+4.37 a 141.87+6.74 a
Body V\&%ht gain 18.87+4.59 8.62+4.94 2 5+4.84a

*: Significance from initial values calculated by Student’s t- test for paired data.
a: Significance from control group (IR) calculated by LSD.

The number of observations was given in parentheses.

Chronotropic activity (Table 3): The
present study elucidated that non treated

hyperthyroid rats showed significant
tachycardia  as those rats exhibited
significant increase in baseline pre-

ischemia HR values compared to the
euthyroid control rats (P<0.001).

After ischemia, a significant
bradycardic response was evident during
at all reperfusion values compared to their
pre-ischemic values (P<0.001 for all,
except in hyperthyroid (IR) group at 5
minutes reperfusion (P <0.01). Moreover,
the degree of bradycardia (AHR) after
ischemia reperfusion was significantly
higher in non-treated hyperthyroid (IR)
group compared to euthyroid control
group (P<0.001). Also, the percentage
change in HR observed in non-treated

hyperthyroid (IR) rats was significantly
higher compared to control rats (70+1.95
versus 57+1.79, P<0.001).

However, the baseline pre-ischemic
HR values significantly decreased in the
octreotide treated hyperthyroid group
compared to the non-treated hyperthyroid
group (P<0.001). A significant decrease in
HR at all reperfusion values compared to
their initial pre-ischemic value (P<0.001),
with significantly reduced degree of
bradycardia as evident by the lowest AHR
in this group. The percentage of HR
change significantly reduced in the
hyperthyroid (IR)-OCT rats compared to
non-treated  hyperthyroid (IR) rats
(55£1.33 versus 70+1.95 P<0.001)
(Figure 1).
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Table (3): Mean + SEM values of baseline heart rate (bpm) and effect of 30 minutes
of ischemia-reperfusion of isolated hearts from the three studied groups

Parameters Baseline Reperfusion
value 5 min 15 min 30 min A Change
Groups (bpm) (bpm) (bpm) (bpm) (bpm)
Cogtrrgdé'R) 229+3.54 | 126+524* | 103+2.6* | 98 +5* | 131+3.83
Hyperthyroid | o067 562 | 203+ 7.06% | 17247.58% | 8243.66™ | 194+10.03°
(IR) group
Hyperthyroid
(IR)-OCT | 235+3.83" | 175+ 5.65%* | 170+3.97** | 105+2.94"* | 130+4.39"
group

*: Significance from pre-ischemia baseline value calculated by Student’s t- test for paired data .
a: Significance from control (IR) group, calculated by LSD.
b: Significance from hyperthyroid (IR), calculated by LSD.

Inotropic activity (Table 4): Results of
inotropic parameters showed significant
increase in pre-ischemic baseline PT,
PT/LV values (P<0.01) as well as
significant prolongation in baseline TPT
values  (P<0.001) in  non-treated
hypethyroid rats compared to their
corresponding values in euthyroid control
rats).

After ischemia, non-treated
hyperthyroid (IR) group exhibited a
significant reduction of PT and PT/LV,
prolongation in TPT as well as %2 RT at 15
minute reperfusion values compared to
their initial baseline pre-ischemic values
(P<0.05, P<0.001 and P<0.01
respectively). The same findings were also
found at 30 minute reperfusion values
(P<0.001for all). Moreover, % RT of non-
treated hyperthyroid rats didn’t show any
significant  difference either in their
baseline values or all post-ischemic
reperfusion values compared to euthyroid
control rats. The deteriorated inotropic
recovery of hyperthyroid rats was also
evident by the significantly increased A
PT and A PT/LV (P<0.01) and percentage
change in PT and PT/LV (74.16%2.8)
compared to euthyroid control group
(59+7.01, P<0.05).

On the other hand, the octreotide -
treated  hyperthyroid rats  showed
improvement of their baseline inotropic
parameters (PT, PT/LV and TPT)
compared to non-treated group as
demonstrated by the significant reduction
in PT, PT/LV and TPT(P<0.01 for all).

After ischemia, the octreotide - treated
hyperthyroid group revealed significant
reduction in PT and PT/LV (P<0.01,
P<0.01 and P<0.001 respectively)
accompanied by a significant prolongation
in ¥2 RT (<0.001, P<0.01 and P<0.001
respectively) at all recorded reperfusion
values and a significant prolongation of
TPT (P<0.05 and P<0.001) only at 15 and
30 minute reperfusion values compared to
their initial baseline pre-ischemic values.
Moreover, a significant low A change of
PT and PT/LV parameters was observed
in octreotide - treated hyperthyroid rats
compared to non-treated hyperthyroid
group  (P<0.05). In addition, the
percentage change in TPT significantly
reduced in octreotide - treated
hyperthyroid rats (55.9+8.8) compared to
non-treated hyperthyroid rats, and being
non-significant  from the  euthyroid
controls (84.7+10.9, P<0.05) (Figure 1).
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Table (4): Mean = SEM of baseline values of Peak developed tension (PT, g), PT per
left ventricular weight (PT/LV, g/100 mg), half relaxation time (*2 RT,
msec) and time to peak tension (TPT, msec) and effect of 30 minutes
ischemia-reperfusion of hearts isolated from the three studied groups

Parameters Baseline Reperfusion A Change
Groups value 5 min 15 min 30 min 8
PT(g) | 6.14+0.36 | 4.98+0.47* 3.85+0.24* | 2.46+0339* | 3.67 +051
PT/LV
(@100 | 159+009 | 1.16+008% | 0.71+0.1* 0.64+01x | 0P0I3
Control (IR) | M9)
group TPT
(mseqy | ATO0BELST | 58.97+184x 67.92 + 3.6* 74.98 £4.19% | 27.92+3.95
% RT + 776+3.1 2+254% | 10852+325% | 36.76+3.2
(mseq) | TL76%345 6+3.19 89.32 + 2. 52+3. 76+ 3.
PT(g) | 858+0.67% | 7.55+0.85% | 554+0932* | 216+0.23* | 6.42+0582
| PTILV
Hyperthyroid | (g/100 | 2.09+0.16° | 1.71+0.17 0.91 + 0.09* 0.53+0.05% | 1.56+0.142
(IR) group mg)
TPT a a ax *
(mseq) | 3738166 40.9+1.692 | 53.98 +3.39 68.68 + 4.4 31.31 +3.89
% RT . .
7058 +2.23 | 72.56+2.53 92.75+5.21 107.06 +2.97* | 36.48 +3.96
(msec)
PT(g) | 6.51+0.29° | 452028 | 4.51+0.26* 2.04+0.19% | 4.48+0.29°
hvroig | PT/LY
Fg’g‘;” gg)T'd (9/100 | 1.59+0.08° | 1.1+0.12P* 0.75 + 0.09* 0.5+ 0.05* 1.09 + 0.08°
- mg)
group
(;EeTC) 4506 +1.46% | 46.81+1.38% | 5560+2.682* | 69.94+3.87* | 24.87+3.75P
% RT + 12+430%% | 9275+521* | 103.13+2.48* | 35.13+2.39
(msed) 68+226 | 91.12+43 92.75 + 5. 13+2. 13+2.

*: Significance from pre-ischemia baseline value calculated by Student’s t- test for paired.
a: Significance from control (IR) group, calculated by LSD data.
b: Significance from hyperthyroid (IR), calculated by LSD.

Myocardial flow rate (Table 5): The
baseline values of MFR and MFR/LV and
all values of reperfusion showed non-
significant differences in the non-treated
hyperthyroid (IR) group compared to
control group. However, the octreotide
treated group revealed significant increase
in MFR and MFR/LV at 30 minute

reperfusion value compared to non-treated
hyperthyroid (IR) group (P<0.05).

All  groups  demonstrated  non-
significant change in the MFR and
MFR/LV at 5 minute reperfusion and a
significant reduction at 30 minute
reperfusion compared to their respective
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pre-ischemia baseline values (P<0.01 in
control and hyperthyroid (IR)-OCT
groups and P<0.001 in non-treated
hyperthyroid (IR) group). Moreover, the
changes of MFR and MFR/LV from
baseline to post-ischemic values (AMFR

& AMFR/LV) as well as the percentage
change of MFR and MFR/LV were non-
significantly changed in both hyperthyroid
groups (46x1.2 & 32+5.36 respectively)
compared to control group (36+7.19)
(Figure 1).

Table (5): Mean + SEM values of baseline myocardial flow rate (MFR, ml/min) and
MFR per left ventricular weight (ml/min/100mg), and effect of 30 minutes

ischemia-reperfusion of hearts isolated from the three studied groups

Parameters Baseline Reperfusion A
Groups value 5 min 15 min 30min Change
MFR 5.11+0.43 | 5.30+£0.54 | 4.65+0.51 3.21+0.40* 19+044
Control (IR)
rou MFR /LV
SroHP mass 132201 1 016:0.13 | 0.920.00% | 084:01* | 048+0.1
] MFR 4.95+0.56 | 4.87+0.64 | 5.05+0.63 2.71+0.33* 2.23+0.24
Hyperthyroid
IR) group | MFR /LV
(IR)group | MFR/LV'| 1214013 | 05,008 | 08101 | 0.66:0.08% | 0.55+0.05
Hyperthyroid | MFR | 6.03£0.46 | 6.07+0.37 | 4.18+0.31* | 4.01+0.28°* | 2.01+0.47
(IR)-OCT
MFR /LV
group mass | FAEOIL 1 264012 | 1.0240.177 | 0.9840.06%% | 0.49+0.11

*: Significance from pre-ischemia baseline value calculated by Student’s t- test for paired data.
a: Significance from control (IR) group, calculated by LSD.
b: Significance from hyperthyroid (IR), calculated by LSD.

Figure (1): Percentage change value of heart rate (bpm), peak developed tension (PT,
g), time to peak tension (TPT, msec), half relaxation time (*2RT, msec) and
myocardial flow rate (MFR, ml/min), following ischemia-reperfusion of
hearts isolated from the three studied groups

% Change in HR, PT ,TPT ,RT and MFR

LA

| Hyperthyroid (IR)- OCT

HR PT TPT
= Control (IR) = Hyperthyroid (IR)

a: Significance from control (IR) group

b: Significance from hyperthyroid (IR)
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Absolute Cardiac Weights and Cardiac
Indices (Table 6): All rat groups exhibited
non-significant changes regarding their
whole heart (WH) while WH/BW in both
hyperthyroid groups showed significant
increase compared to the control group
(P<0.001 for both). The octreotide treated
hyperthyroid (IR) group revealed no
significant change compared to non-
treated hyperthyroid (IR) group.

Regarding the absolute weights of left
ventricle  (LV) and cardiac index
(LV/BW), they were significantly higher
in both the hyperthyroid (IR) and
hyperthyroid (IR)-OCT groups compared
to control group (P<0.01 &P<0.05
respectively). Meanwhile, the
hyperthyroid (IR)-OCT group showed no
significant change compared to non-
treated hyperthyroid (IR) group.

Table (6): Mean + SEM values of body weight (g), and absolute cardiac weights (mg)
and cardiac indices of whole heart (WH) (mg/g), left ventricle (LV) (mg/g)

in the three studied groups

Groups Control (IR) Hyperthyroid (IR) | Hyperthyroid (IR)-OCT
Parameters group group group
(8) (8) (8)

Body weight (q) 167.50 + 3.89 139.12 + 4.37° 141.87 + 6.74°

WH (mg) 680.78 + 18.93 660.82 + 16.99 655.18 + 12.29
WH/BW (mg/g) 3.25+0.18 4.78+0.21° 4.70 £0.28°

LV (mg) 385.96 + 6.0 410.0 £3.71° 409.82 + 3.2°
LV/WH (mg/mg) 0.57 £0.02 0.62 £0.01° 0.63+0.01°

a: Significance from control group (IR) calculated by LSD at P < 0.05.

The number of observations was given in parentheses

Plasma free T3, T4 and TSH levels (figure 2):
Regarding the hormonal profile, plasma free T3
levels were significantly increased in the
hyperthyroid groups; (2.14+0.036 & 2.15+0.034
respectively) compared to the control group
(0.76x0.08, P<0.01). Also, a significant increase
was observed in plasma free T4 (10.97+1.44&
9.2740.59 respectively) compared to the control
group (1.78+0.13 P<0.001), accompanied by a
significant decrease in plasma TSH level
(0.04+0.01 and 0.05+0.01 wversus 0.08+0.01,
P<0.001). These findings confirmed the successful
induction of the hyperthyroid state in these groups.

Post-ischemic tumor necrosis factor a (TNFa)
and malondialdehyde (MDA) in cardiac tissue
(figure 3a&b): The present study showed that both
cardiac tissue MDA as well as TNF a were
significantly higher in hyperthyroid (IR) group
compared to control group (19.72+1.04 versus

13.56+1.39 and12.03+0.70 versus 7.84+0.68,
P<0.01&P<0.001 respectively). On the other hand,
both parameters were significantly reduced in
octerotide treated hyperthyroid (IR) group
(11.79+0.62 &8.28+0.52) compared to untreated
hyperthyroid (IR) group (19.72+1.04& 12.03+0.7
respectively, P<0.001) and non-significantly
different from control group.

Post-ischemic coronary flux lactate dehydrogenase
(LDH) (figure 3c): The hyperthyroid (IR) rat group
revealed significant elevation in LDH level compared to
control group (28.21+ 1.43 versus 22.65+1.23, P<0.01).
However, LDH level was significantly reduced in
octerotide - treated hyperthyroid (IR) group compared to
untreated hyperthyroid (IR) group (24 +0.90 versus
28.21+ 1.43, P<0.05) and non-significantly different
from control group.
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Figure (2): Free plasma T3 (ng/dl), T4 pg/dl and TSH (nIU/ ml) levels in the three
studied groups.
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Figure (3): A) Cardiac tissue malondialdehyde (MDA, pmol/gm), B) tumor necrosis
factor a (TNFo, pg/ml) levels and C) lactate dehydrogenase (LDH, U/L)
levels in coronary flux in the three studied groups
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DISCUSSION

The finding of the present study
elucidated that final body weight, body
weight gain were significantly decreased
in rats rendered hyperthyroid. This could
possibly be explained by increasing f-
adrenoreceptor number on the membranes
of adipocytes as result of excess throid
hormones with up-regulation of the
catecholamine -  stimulated lipolysis
(Obregon, 2008). Moreover, (Kim, 2008)
observed increased energy expenditure
and basal metabolic rate (BMR) in
hyperthyroidism which could have added
to the weight loss in the hyperthyroid
groups.

The observed elevation in free plasma
T3, T4 together with the subsequent
decrease in TSH, in addition to reduced
body weight in hyperthyroid groups
confirmed the successful induction of the
hyperthyroid state .

In fact, hyperthyroid rats in this study
exhibited significantly increased WH,
WH/BW, LV and LV/WH in comparison
to euthyroid control rats, suggesting
development of cardiac hypertrophy, in
particular left ventricular hypertrophy.
Myocardial hypertrophy could be a
compensatory response to the increased
load imposed by hypertension as evident
by the significant elevation in SBP and
MAP in non-treated hyperthyroid (IR) rats
compared to euthyroid control rats

This cardiac growth in response to
excess thyroid hormones involves cardiac
myocyte enlargement and proliferation of
fibroblasts and vascular cells (Kenessey
and Ojamaa, 2006). Moreover, contractile
and calcium-handling proteins are up-
regulated, resulting in a condition
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frequently referred as physiological
cardiac hypertrophy (Thomas et al., 2005).
The non-significant changes in initial
baseline MFR and MFR/LV in non-
treated hyperthyroid rats could further
raise the assumption of compensated
cardiac hypertrophy.

Unlike basal pre-ischemic coronary
flow, ventricular  performance  was
affected by excess thyroid hormones.
Hearts from non-treated hyperthyroid rats
displayed significant tachycardic response
which was accompanied by enhanced
ventricular contractility as evidenced by
the significant increase in initial pre-
ischemic baseline values of HR, PT,
PT/LV and prolongation in TPT as well
compared to their euthyroid controls.
This observation was in agreement with
previous reports (Venditti et al., 2002)
which also indicated the higher
susceptibility of the heart from
hyperthyroid rats to ischemia—reperfusion
injury .

The increase in chronotropism in
hyperthyroid rats is probably caused by
unbalanced sympatho-vagal tone with a
relative adrenergic overdrive (Biondi et
al., 2002). Moreover, (Thomas et al.,
2005) ascribed the enhanced contractility
and thereby ejection fraction to the ability
of  thyroid hormones to potentiate
calcium-induced calcium release from
sarcoplasmic reticulum during systolic
period by up-regulation of ryanodine
receptor expression levels and
sarcoplasmic calcium ATP ase, as well as
down-regulation ~ of  phospholambam
expression levels that help calcium uptake
by sarcoplasmic reticulum.

Thus, our findings together with the
previous studies reinforce the notion that
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the hyper-dynamic cardiovascular state in
hyperthyroidism is in fact an adaptive
response to the increase in the peripheral
metabolic needs produced by excess
thyroid hormones.

Isolated hearts in this study were
subjected to zero-flow global ischemia
followed by reperfusion. Results of
isolated perfused hearts of non-treated
hyperthyroid group revealed increased
bradycardic  responses to ischemia-
reperfusion (IR) as evidenced by
significantly higher AHR and percentage
change in HR compared to -euthyroid
control group. Additionally, non-treated
hyperthyroid hearts appear to be more
influenced by IR injury and showed
significantly deteriorated post-ischemic
recovery of inotropic parameters (PT,
PT/LV and TPT) and significantly higher
A and % changes of these parameters
compared to euthyroid controls .

Such results were consistent with
Seara et al.( 2018) who provided evidence
that the pathophysiological progression of
myocardial IR injury can be distinctly
affected by levels of thyroid hormones
and demonstrated that post-ischemic
recovery of LV end-diastolic pressure
(LVEDP), LVDP and dP/dt was impaired
in thyrotoxic rat hearts.

This myocardial contractile
dysfunction observed during reperfusion
in hyperthyroidism was imputed to an
increase in myocardial oxidative stress,
which has been reported in the present
study as cardiac tissue MDA levels were
significantly elevated in non-treated
hyperthyroid rats compared to euthyroid
rats. Hyperthyroid state is characterized
by an increase of oxygen consumption
associated with higher electron flux in

mitochondrial ~ respiratory  chain, a
condition that may increase generation of
ROS (Fernandez and Videla, 1993).
Moreover, mitochondria are a possible site
of ischemia—reperfusion damage.
Actually, ischemia reduces in vitro
mitochondrial respiration, an effect that is
potentiated by reperfusion (Borutaite et
al., 1995). Accordingly, Venditti et al.
(2002) deduced that heart performance is
strongly dependent on mitochondrial
function and suggested that mitochondrial
dysfunction during reoxygenation is due
to an oxidative stress, which is more
severe in hyperthyroid hearts.

Our results showed that, cardiac tissue
TNFa significantly increased in non-
treated hyperthyroid rats, a finding similar
to Al-Amran et al. ( 2013) who provided
evidence that both ROS and TNF-a have
deleterious effect on the myocytes and
endothelial cells thus causing myocardial
injury. Also, post-ischemic LDH level in
coronary efflux of those rats were found
to be significantly higher compared to
euthyroid controls. Similar to our results,
Shackebaei et al.(2012) has reported
increased LDH levels and CK-MB in first
10 minutes of reperfusion which indicates
damage to the heart during the IR period.
This finding could contribute to higher
susceptibility of the heart of hyperthyroid
rats to IR.

Myocardial ischemia induces
degranulation of resident mast cells and
cleavage of membrane-bound TNFa, both
causes release of active TNF a in the
ischemic myocardium to act in an
autocrine, endocrine, and paracrine
fashion (Gilles et al., 2003). Reperfusion
of ischemic myocardium imposes an
oxidant burden in which hydrogen
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peroxide activates P38 MAP kinase and
contributes to ischemia reperfusion-
induced TNF  production (Al-Amran et
al., 2013). Thus, the overwhelming
production of pro-inflammatory mediators
namely TNFa could further explain
contractile dysfunction reported in non-
treated hyperthyroid rats of our study.

Accumulating  evidence  strongly
support the promise of octreotide
preconditioning against hepatic ischemia
reperfusion injury (Yang et al. 2014). In
addition, it could reduce the edema and
MDA in ischemic rat brain (Chen et al.,
2012). Earlier findings of Wang et al.
(2005) indicated that octreotide can mimic
ischemic  preconditioning to provide
cardioprotection against ischemia-
reperfusion injury and to reduce infarct
size in adult Wistar rats. But there is still
no available data whether acute octreotide
administration has a cardioprotective
effect in ischemia-reperfusion model in
conditions of diseased myocardium; in
particular hyperthyroid states.

The results of the present study
elucidated that  hyperthyroid  rats
supplemented with octreotide, 20 minutes
before scarification demonstrated
significant improvement of the post-
ischemic recovery of cardiac function
compared to non-treated hyperthyroid
rats. Interestingly, octreotide - treated
hyperthyroid rats revealed significant
decrease in the baseline tachycardia and
the elevated developed peak tension and
the prolonged TPT which was observed in
non-treated hyperthyroid rats.
Furthermore, it improved the chronotropic
and some of inotropic parameters
regarding their changes from baseline to
post-ischemic values (A HR, APT and A
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PT/LV). The percent of decrease in HR
following ischemia was significantly
lower in octreotide treated rats (55%)
compared to non-treated hyperthyroid rats
(70%). Also, percent of TPT prolongation
was significantly reduced in treated
hyperthyroid rats (55.9%) compared to
84.7% in non-treated hyperthyroid rats.
Such effects of octreotide were associated
with reduction of myocardial injury, as
denoted by the significantly low coronary
flux LDH level in treated hyperthyroid
group  compared  to non-treated
hyperthyroid group.

The aforementioned protective effects
of octreotide could be due its antioxidant
effect and/or its anti-inflammatory effect
(determined by significantly low cardiac
tissue MDA and TNFa respectively).

Consistently, Chen et al. (2012)
reported the anti-oxidant and effects of
octreotide which prevented oxidative
damage by enhancing the antioxidant
defenses  superoxide dismutase and
glutathione reductase, thereby; it reduced
MDA,; a product of lipid peroxidation that
is always used to evaluate the severity of
oxidative damage.

In support of our findings, Wang et al.
(2015) demonstrated that octreotide may
exert anti-inflammatory and
neuroprotective effects on retinal injury
induced by ischemia through inhibition of
the activation of NF-kappa; an important
redox-sensitive transcription factor that
regulates the genes of many inflammatory
mediators thus plays an important role in
ischemic tissue damage .

Studies have shown that somatostatin
analogues may influence leukocytic
activities e.g infiltration, adhesion, and
chemotaxis and also inhibit the generation
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of ROS from leukocytes (Sener et al.,
2005) and decrease the production of
TNFa and other inflammatory cytokines
(IL1B and IL6) (Yang et al., 2013),
suggesting that this drug might exert anti-
inflammatory properties.

Other mechanisms such as activation
of protein kinase C, mitochondrial ATP-
sensitive potassium channels (mitoKATP
channels) and sarcolemmal KATP
channels could be involved in octreotide
induced cardioprotection. Opening of the
mito KATP channel affects mitochondrial
swelling and optimization of respiration,
prevention of mitochondrial calcium
overload and control of reactive oxygen
radicals; all of which have possible
linkages with cardioprotection during
myocardial ischemia and infarction
(O’Rourke, 2000 and Wang et al., 2005).

CONCLUSION

Hyperthyroid hearts are less tolerant to
ischemia/reperfusion injury with higher
susceptibility to oxidative stress as well as
overproduction  of  pro-inflammatory
mediators. Thus, pharmacological targets
that defend oxidative challenge and confer
anti-inflammatory  properties, namely
octreotide (somatotstatin analogue) are
considered to have potential therapeutic
effect and may protect against myocardial
ischemic damage in hyperthyroidism.
These effects inspire us to further explore
how  hyperthyroid patients  with
cardiovascular risks could benefit from
long term octreotide administration.
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