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A B S T R A C T

Hyperthyroidism is associated with cardiovascular complications. Fish oil reduces risk of cardiovascular diseases.
This study aims to evaluate the impact of fish oil on myocardial oxidative stress, inflammation and fibrosis in rat
model of thyrotoxicosis. Rats were randomized into four groups; control rats, fish oil treated rats (FO, 100mg
omega-3/100g body weight/day), hyperthyroid rats (Hyper, i.p levothyroxine 3 mg/kg/day), and hyperthyroid
rats treated with fish oil (Hyper þ FO) for 8 weeks. Changes in oxidants/antioxidants, inflammatory and fibrotic
markers were measured. Thyrotoxicosis increased serum endothelin-1, thiobarbituric acid reactive substances
(TBARS) and reduced activities of cardiac catalase and super oxide dismutase (SOD). Cardiac fibrosis paralleled
with a decrease of matrix metalloproteinase -2 (MMP2) levels were observed in Hyper group. Use of FO increased
activities of SOD and catalase, increased TBARS levels, and attenuated cardiac fibrosis by normalizing MMP-2
levels. Use of FO may attenuate cardiac oxidative stress and fibrosis in hyperthyroid states.
1. Introduction

Hyperthyroidism is a pathological condition defined by elevated
serum levels of thyroid hormones [1]. Hyperthyroidism is associated
with long-term cardiovascular complications including increased risk of
angina, atrial fibrillation and heart failure [2]. In overt hyperthyroidism,
risk of cardiovascular diseases (CVDs) increases up to 1.7 fold [3]. Car-
diomyocytes are very sensitive and highly respondent to thyroid hor-
mones due to a wide distribution of thyroid hormone receptors [4].

Oxidative stress, characterized by the imbalance between the pro-
duction of free radical molecules and the ability of the body to neutralize
them using anti-oxidant enzymes [5], is linked to CVD [6]. Excessive
mitochondrial reactive oxygen species (ROS) generation promotes
inflammation by activation of many redox and inflammatory signaling
pathways such as the nuclear factor (NF)-kappa B. Both oxidative stress
and inflammation mediate cardiac remodeling and fibrosis. Fibrosis
s).
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alters cardiac structure and function predisposing into CVDs [7]. The
impact of hyperthyroidism on cardiac fibrosis is unclear.

In the myocardium, fatty acids are the most important source of en-
ergy. Recent studies focused on the utility of fish oil (FO) to prevent
cardiovascular diseases development and progression. Fish oil is rich in
omega-3 polyunsaturated fatty acids (ω-3 PUFA). The omega-3 fatty acids
are known to be anti-inflammatory and anti-thrombotic affecting lipid
mediators and various signaling pathways [8]. Previous studies showed
that ω-3 PUFA can decrease serum triglycerides (TG) and lower the risk of
arrhythmia, coronary artery disease (CAD) and heart failure (HF) [9, 10].

In human and animal models, the use of ω-3 PUFA reduce in-vivo
oxidative stress by increasing antioxidant levels of superoxide dis-
mutase (SOD) and glutathione (GSH) [11]. The ω-3 PUFA attenuate
inflammation and prevent cardiac dysfunction associated with pressure
volume overload [12]. In cardiac surgery model, the intake of high
dose of ω-3 PUFA for 3 weeks decreased plasma and cardiac endo-
thelin 1, peak C-reactive protein levels, inducible nitric oxides and risk
ed 28 November 2019
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Table 1. Characteristics of animal groups at 8 weeks.

Control FO Hyper Hyper þ FO P value

Body WT (g) 269.3 � 7.64 290.6 � 4.88# 245.7� 3.66* 263.7 � 6.43$ <0.0001

Heart WT (g) 0.953 � 0.031 1.01 � 0.029# 1.39 � 0.046****$ 1.37 � 0.042***$ <0.0001

Heart WT/BWT (mg/g) 4.29 � 0.135 4.43 � 0.114# 6.09 � 0.214**** 6.00 � 0.170****$ <0.0001

Free T3 (pg/ml) 5.94 � 0.649 5.92 � 0.463 692.5 � 101.4**** 604.2 � 67.6**** <0.0001

Free T4 (ng/dl) 9.79 � 1.05 7.42 � 0.697 472.1 � 57.09**** 460.3 � 68.2**** <0.0001

Systolic Bp (mmHg) 120.6 � 0.54 122.3 � 0.38# 125.9 � 0.80****$ 126.3 � 0.47***$ <0.0001

Diastolic Bp (mmHg) 68.8 � 0.47 66.1 � 0.46** 67.78 � 1.29 66.64 � 0.41* 0.0033

Heart Rate (beat/min) 411.5 � 7.41 433.6 � 13.44 489.1 � 21.06* 435.1 � 9.63 0.0271

Serum Triglyceride 104.9 � 11.86 87.97 � 10.95 117.0 � 11.03 113.8 � 13.85 0.2007

Serum HDL 14.03 � 0.944 10.62 � 0.498 17.96 � 1.44$ 18.63 � 1.68$ <0.0001

Serum LDL 34.4 � 2.93 20.88 � 1.93* 37.35 � 4.19$ 28.53 � 4.27 0.0053

Serum Cholesterol 68.33 � 3.29 49.09 � 3.04** 72.23 � 6.25$ 64.59 � 5.07 0.0027

Data are presented as mean � sem. FO: fish oil, Hyper: hyperthyroidism, WT: weight, BWT: body weight, Bp: blood pressure. Unit for serum lipids is mg/dl. Number is
10–15 reading each group. *p < 0.05, **<0.01, ***<0.001, <0.0001 vs. control, # vs. Hyper, $ vs. FO.
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of post-operative atrial fibrillation [13]. However, the impact of fish
oil on factors affecting cardiac disease during hyperthyroidism is
unclear.

The aim of this study was to evaluate the effect of fish oil on cardiac
inflammation, oxidative stress, and fibrosis in rat model of thyrotoxicosis
induced by levothyroxine.

2. Methodology

2.1. Animals and treatments

Adult male Wistar rats (200–250 gm) were housed in metal cages
(5 rats per cage) under hygienic conditions and were kept at 24 �C
and 12 h light/dark cycle with free access to adequate food and
water. An ethical approval to perform the study was obtained by the
Animal Care and Use Committee (ACUC) at Jordan University of
Science and Technology (JUST). All animal procedures were per-
formed in accordance with the ACUC regulations at JUST, which
comply with the National Institutes of Health (NIH) guide for the care
and use of laboratory animals (NIH Publications No. 8023, revised
1978).

Rats were randomized into four main groups (15 rats for each group):

1. Group 1 (control): Rats were infused with 1% intra-peritoneal (i.p)
bovine serum albumin (BSA) buffer dissolved in 0.01 M NAOH, and
were give corn oil (4 μL/g body weight) by oral gavage.

2. Group 2 (FO): Rats received Menhaden fish oil at a dose of 100mg
omega-3/100g body weight/day by oral gavage and infused with i.p
1% BSA buffer dissolved in 0.01 M NAOH [14, 15].

3. Group 3 (Hyper): Rats were infused with i.p levothyroxine injection
(T4, 3 mg/Kg/day, SIGMA-ALDRICH, Germany) freshly dissolved in
1% BSA buffer of 0.01 M NAOH, and were given corn oil (4 μL/g body
weight) by oral gavage.

4. Group 4 (Hyper þ FO): rats were infused with i.p levothyroxine, and
given fish oil by oral gavage as described above.
2.2. Assessment of body weight and blood pressure

Body weight was read at baseline and then twice weekly for 8 weeks.
Blood pressure was taken at the end of the study using the tail-cuff
plethysmography method (computerized tail cuff plethysmography
blood pressure system, IITC Life Science, Woodland Hills, CA, USA) as
previously described [16]. Systolic blood pressure (SBP), diastolic blood
pressure (DBP) and heart rate were recorded. Blood pressure for each rat
was tested three times and data were averaged to produce a single valid
value.
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2.3. Blood collection and measurements of serum thyroxine (T4) and 3,
5,30-triiodothyronine (T3)

After 8 weeks, animals were killed by decapitation and fresh blood
samples were collected. Serum samples were prepared by centrifugation
at 5000 rpm for 10 min in serum tubes. Serum levels of thyroxine (T4)
and 3, 5, 30-triiodothyronine (T3) hormones were measured using Cobas
e 411 analyzer (Roche Diagnostics GmbH, D-68298 Mannheim,
Germany).

2.4. Analysis of serum and cardiac biomarkers

Following decapitation, hearts were removed, washed, and weighed.
A small section from the right side of the heart was obtained from 5 rats
in each group and was fixed in 10% formalin for histopathology. Tissue
homogenizer (OMNI International, Tissue master 125, Kennesaw, USA)
was used to homogenize residual heart tissues in cold phosphate buffer
saline (PBS) containing protease inhibitor (Sigma Aldrich, MI, USA).
Homogenized tissues were centrifuged at 15,000 rpm for 10 min at 4 �C.
The lysates were collected in aliquots and stored at -80 �C until analysis.
All procedures were carried out over crushed ice. Serum triglyceride and
high density lipoprotein (HDL) levels were evaluated using colorimetric
kinetic assay according to kit instructions (Biosystems S.A., Barcelona,
Spain). Serum cholesterol levels were measured using colorimetric ki-
netic assay (Arcomex, Cholesterol kit, Amman, Jordan). Rat myeloper-
oxidase (MPO) ELISA kit (My BioSource Inc. CA, USA) was used for
evaluation of MPO levels in cardiac homogenates. Cardiac and serum
endothelin-1 protein levels were measured using sandwich ELISA (R&D
systems, MA, USA). Total glutathione (GSH) levels were determined
kinetically using the GSH assay kit (Sigma-Aldrich, MI, USA). Cardiac
catalase enzyme activities were determined using specific kinetic kit
(Cayman Chem., Ann Arbor, MI, USA). Superoxide dismutase (SOD)
assay kit was used to examine cardiac activities of SOD (Sigma-Aldrich
Corp., MI, USA). Thiobarbituric acid reactive substances (TBARS) and
total nitrite levels were quantified using TBARS Assay kit and Griess
reaction assay (R&D Systems, MA, USA); respectively. Measurements of
cardiac MMP-2 and TGF-β1 protein levels were performed using sand-
wich ELISA kits (R&D systems, MA, USA). Plates were read at a wave-
length specified for each kit using Epoch Biotek microplate reader (Bio-
Tek, Winooski, VT, USA). All measurements were normalized to total
protein concentrations (DC-Biorad, Hercules, CA, USA).

2.5. Masson's trichrome staining

Paraffin embedded sections (4μm thick) were deparaffinized by
xylene and graded alcohol and washed with distilled water. Sections
were then incubated with Bouin's solution overnight. Slides were washed



Figure 1. Levels of endothelin-1, nitrite and TBARS. Levels of serum and cardiac ET-1 (A–B), total nitrite (C–D), and TBARS (E–F) in the control (CTR); FO treated
animals (FO); hyperthyroid animals (Hyper); and hyperthyroid animals treated with FO (Hyper þ FO). *p < 0.05, **p < 0.01, ****p < 0.0001 vs. Control; #p < 0.05,
####p < 0.0001 vs. Hyper; $p < 0.05, $$p < 0.01 vs. FO.
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with distilled water and stained with Masson's Trichrome according to
manufacture instructions (Sigma-Aldrich Corp, St. Louis, MO, USA).
Following gentle washing, slides were dehydrated by graded alcohols,
cleared in xylene and cover-slipped. Sections were viewed at 100x
magnification using high resolution light microscope (Nikon, Japan).
Quantification of percentage area of fibrosis was performed by the NIH
Image J software version 1.50i, USA. For each slide, 3 representative
images were quantified and averaged to produce a single value.

2.6. Statistical analysis

Data are presented as mean � sem for continuous variables. Because
molecular data were not normally distributed, Kruskal-Wallis test was
3

used to measure differences in serum and cardiac biomarkers. The Dunn's
post-test was then used for pair wise comparisons. Statistical significance
was considered at a P < 0.05. Graph Pad Prism 7 (La Jolla, CA, USA) was
used for all analyses.

2.7. Theory/calculation

Previous studies have identified a key role for inflammation, oxida-
tive stress and remodeling in the development and progression of CVDs.
Hyperthyroidism is a secondary cause of CVDs, however, the mechanisms
are not fully clear. Several experimental and clinical studies have docu-
mented the cardio-protective effects of fish oil in arrhythmia and coro-
nary artery disease. However, the impact of fish oil on the substrates of



Figure 2. Levels of MPO, GSH and antioxidant activities of SOD and catalase. Cardiac contents of MPO (A), GSH (B), SOD (C), and catalase (D) in the control (CTR);
FO treated animals (FO); hyperthyroid animals (Hyper); and hyperthyroid animals treated with FO (Hyper þ FO). *p < 0.05, **p < 0.01, ****p < 0.0001 vs. Control;
#p < 0.05, ###p < 0.01 vs. Hyper; $p < 0.05, vs. FO.
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CVDs development in hyperthyroidism is not clear. In this study, we
evaluated the impact of hyperthyroid status on plasma and cardiac bio-
markers of inflammation, oxidative stress and fibrosis and assessed the
effects of fish oil on these substrates in thyrotoxicosis model induced by
daily injection of levothyroxine. This study provides original findings
regarding the mechanisms underlying development of cardiac disease in
hyperthyroidism, and raises interesting questions for clinical and basic
investigation related to use of fish oil to prevent the development or the
progression of CVDs in hyperthyroidism.

3. Results

3.1. Characteristics of study groups

Thyrotoxicosis induced by daily administration of a high dose of
levothyroixyne for 8 weeks induced a hyperthyroid status as documented
by the significant increase in thyroid hormones (T3 and T4) in both
Hyper and Hyper þ FO groups without differences between them
(Table 1). This was coupled with a decrease in BWT that reached sta-
tistical significance in the Hyper group. Levothyroxine induced an in-
crease in heart weight and in the ratio of heart WT/BWT in both Hyper
and Hyper þ FO groups (p < 0.0001, Table 1) without significant dif-
ferences between them. Levothyroxine increased SBp and heart rate
significantly in the Hyper group. Use of FO reduced heart rate but not
SBp. Although no significant increase was found for DBp in hyper group,
a slight but significant decrease was found for DBp in the FO and Hyperþ
FO groups (Table 1). Levothyroxine did not cause significant changes in
serum lipids levels. However, use of FO reduced serum LDL and total
4

cholesterol levels which resulted in higher serum levels of LDL, HDL, and
total cholesterol in Hyper group as compared to FO group (Table 1).

3.2. Biomarker levels of inflammation and oxidative stress

3.2.1. Endothelin-1 levels
Serum ET-1 was significantly increased in both Hyper and Hyper þ

FO groups as compared to control and use of FO did not change serum
levels (p < 0.0001, Figure 1A). On the other hand, cardiac ET-1 levels
were similar between groups (Figure 1B).

3.2.2. Serum and cardiac total nitrite and TBARS levels
There were no significant differences in both serum and cardiac total

nitrite levels between all groups (Figure 1C, D).
On the other hand, serum TBARS levels were increased significantly

in all groups relative to control (Figure 1D).
Interestingly, cardiac TBARS levels was elevated significantly in

Hyperþ FO group compared to both control and Hyper groups indicating
that FO is promoting increased cardiac TBARS (p < 0.0001, Figure 1E).

3.2.3. Cardiac MPO and GSH levels
There was no significant difference in cardiac MPO or total GSH levels

between all groups (Figure 2A, B).

3.2.4. Cardiac superoxide dismutase (SOD) and catalase activities
Relative to control, cardiac SOD and catalase activities were signifi-

cantly decreased in the Hyper group and use of FO normalized their
activities in the Hyperþ Fo group (Figure 2C, D). Use of FO nor. Relative



Figure 3. Levels of fibrotic factors. Cardiac contents of TGF-beta (A) and MMP-
2 (B) in the control (CTR); FO treated animals (FO); hyperthyroid animals
(Hyper); and hyperthyroid animals treated with FO (Hyper þ FO). *p < 0.05
vs. Control.
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to hyper group, use of FO increased SOD activities in Hyper þ FO groups
(Figure 2C).
3.3. Biomarker levels of cardiac fibrosis

3.3.1. Cardiac TGF-β1 and MMP-2 levels
There were no significant differences in cardiac TGF-β1 protein levels

between all groups (Figure 3A). However, a significant decrease in car-
diac MMP-2 levels was observed in Hyper group compared to CTR group.
Use of FO normalizedMMP-2 levels in the Hyperþ FO group (Figure 3B).

3.3.2. Masson trichrome staining
Figure 4A–D represents cardiac sections stained with Masson's Tri-

chrome staining to assess extent of interstitial fibrosis (blue). Relative to
control, cardiac fibrosis was significantly elevated in Hyper group and
was attenuated by fish oil supplementation. Figure 4E represents quan-
tification of area of cardiac fibrosis among groups.
5

4. Discussion

In this study, we have evaluated the impact of thyrotoxicosis on
cardiac oxidative stress, inflammation and remodeling and tested if the
use of fish oil (FO) will affect these substrates. A dose of 100 mg omega-
3/100g BWT was used. This dose has been shown to be cardio protective
and associated with significant reduction in arachidonic acid concen-
trations and improvement of the ratio of omega 6 to omega 3 from 13:1 to
4:1 as we previously documented [17].

In the present study, a hyperthyroid status was induced by daily
administration of a high dose of levothyroxine (3 mg/Kg) for 8 weeks as
characterized by the significant increase in serum thyroid hormones in
both Hyper and Hyper þ FO groups. Use of FO had no significant effect
on thyroid hormones levels. Patients with hyperthyroidism usually notice
a loss in their body weights, which is not consistent with observations in
animal models of hyperthyroidism. Previous studies have observed a
reduction [18], an increase [19, 20] or no change in body weight in
hyperthyroid animals [21].

Although an increase in BWT was observed over time, the BWT was
significantly lower for the hyper group relative to control, and was
normalized by the use of FO in the Hyper þ FO group, suggesting that
metabolic changes associated with prolonged hyperthyroidism promoted
a reduction in body weight that could be optimized by the use of FO.
Interestingly, despite the decrease in body weight, an increase in the
heart to body weight ratio was observed in hyper thyroid rats regardless
of FO treatment, indicating cardiac dilatation or remodeling that might
occur in hyperthyroidism [22].

Hyperthyroidism is associated with elevated blood pressure and
tachycardia [23]. Our hyperthyroid rats showed a significant increase in
SBp without an effect of FO on SBp readings. As expected, an increase in
HR was seen in hyperthyroid rats and use of FO attenuated this increase
providing a potential heart rate slowing effect in hyperthyroid patients
with tachycardia We have suggested previously in a model of
post-operative atrial fibrillation that use of FO may modulate heart rate
through enhanced heart rate variability parameters associated with vagal
tone [13]. Enhanced sympathetic activity or reduced vagal activity pro-
motes tachycardia. Stimulation of vagal tone is accompanied by
anti-inflammatory properties [24]. The ω3 fatty acids have been found to
inhibit pacemaker currents [25]. These mechanisms may contribute to
heart rate slowing effect associated with FO intake [13].

In the present study, the induction of exogenous hyperthyroid status
did not significantly change serum lipid levels relative to control. How-
ever, supplementation of FO for 8 weeks resulted in a decrease in LDL and
total cholesterol, which is similar to our previous findings [17]. The
relationship between serum levels of lipids and FO supplementation is
controversial in the literature. Levels of LDL and total cholesterol were
shown to be increased [26, 27], decreased [17, 28, 29], or not changed
[30, 31]. Similarly, several studies reported the positive effect of FO on
serum HDL [27, 31, 32], whereas others reported a negative effect [33,
34]. In our study, no differences in serum HDL levels were observed
relative to control, but levels were higher in hyper groups relative to FO
suggesting that thyroid hormones might affect HDL levels. Alterations in
lipid levels have been observed in hyperthyroidism via different mech-
anisms [35].

Endothelin-1 (ET-1) is a potent vasoconstrictor and inflammatory
factor that is produced by endothelial cells, fibroblasts and cardiac
myocytes [36]. We have shown that patients with history of recent MI
have increased plasma levels of ET-1 and increased risk of atherosclerotic
cardiovascular events indicating a link to endothelial dysfunction [37,
38]. Furthermore, patients with hyperthyroidism have increased levels of
plasma ET1 and this increase is associated with increased risk of atrial
fibrillation [39, 40]. Interestingly, ET-1 levels return to normal values in
the state of euthyroidism clearly indicating that thyroid hormones
modulate ET-1 expression [41]. In our study, serum ET-1 was signifi-
cantly increased in both Hyper and Hyper þ FO groups with no signifi-
cant effect of FO on their levels. On other hands, cardiac ET-1 levels were



Figure 4. Cardiac fibrosis. Masson's Trichrome staining of right sided cardiac sections shows extent of fibrosis (blue), cardiac myocyte (red) in the control (CTR, A);
FO treated animals (FO, B); hyperthyroid animals (Hyper, C); and hyperthyroid animals treated with FO (Hyper þ FO, D). Sections were examined at 100�
magnification. Figure 4E represent quantitative analysis of cardiac fibrosis. *p < 0.05 vs. Control.
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similar among all groups, suggesting that thyroid hormones might
mediate systemic ET-1 expression on a mechanism that is different from
cardiac expression or independent of thyroid hormones. In addition,
cardiac expression might need longer time to be changed as compared to
circulating levels. Similar results were found for cardiac levels of MPO
that were not affected by hyperthyroid status.

Oxidative stress and elevated ROS production have been linked to
hyperthyroidism [42]. Production of ROS or reactive nitrogen species
(RNS) such as superoxide anion, hydrogen peroxides and nitrites pro-
mote oxidative damage. The body neutralizes ROS and RNS by antioxi-
dant enzymes and molecules such as SOD, catalase, and glutathione
system to prevent oxidative damage [43]. The SOD converts superoxide
to hydrogen peroxide (H2O2), which is a substrate for glutathione
peroxidase and catalase enzymes. Catalase reduces H2O2 to water [44,
45]. In hyperthyroid hearts, reduced levels of SOD and catalase, and
increased levels of nitrite, nitrate and TBARS (lipid peroxidation
markers) have been reported [46, 47]. On the other hand, changes in
levels of glutathione (GSH) in hyperthyroidism are still unclear.

Here, no changes in total nitrite or GSH levels have been found.
However, cardiac activities of SOD and catalase were reduced in Hyper
group and use of FO prevented the decrease in their activities, suggesting
that FO supplementation may prevent oxidative stress partly by
increasing antioxidant enzyme activities of SOD and catalase.

Thiobarbituric acid reactive substances (TBARS) are markers of lipid
peroxidation [46]. Similar to our previous findings, serum TBARS were
increased in FO treated animals as well as in hyperthyroid rats indicating
that both factors increase peroxidation of lipids. Several studies reported
increased TBARS after FO supplementation [48, 49, 50]. This might be
due to increased number of unsaturated bonds incorporated into mem-
brane phospholipids after FO supplementation. This finding suggests that
although FO may improve defense mechanisms in the body, they may
also increase lipid peroxides. On the other hand, the decrease in anti-
oxidant enzyme activities of SOD and catalase in Hyper group might lead
to elevated TBARS levels. Interestingly, cardiac TBARS levels were most
elevated in Hyper þ FO group compared to both control and Hyper
groups. This suggests a significant interaction and synergism between FO
and hyperthyroidism as changes in tissue levels of lipids require longer
time than changes in plasma levels [17]. This finding may raise a concern
6

regarding the use of FO in patients. Future studies should evaluate the
effect of FO on other ROSs such as H2O2 and superoxide anion.

Hyperthyroidism is associated with cardiac structural changes such as
cardiac hypertrophy and fibrosis [51]. The transforming growth factor
beta (TGF-β1) is a primary fibrotic factor [52]. Many studies showed a
trend of increased TGF-β1 expression in rat models of cardiac diseases
[53, 54]. In this study, cardiac TGF-β1 levels were similar among all
groups. However, Masson's Trichrome staining revealed an evidence of
cardiac fibrosis in Hyper group relative control suggesting presence of
other growth factors or pro fibrotic molecules that may mediate fibrosis
in hyperthyroidism such as the platelet derived growth factors [55, 56].
Regional differences in TGF-β1 expression among different cardiac
chambers may also contribute [57]. The matrix metalloproteinases are
proteolytic enzymes that are regulated by inflammatory signals to help
the establishment of ECM homeostasis. Increased or decreased MMP-2
levels may promote fibrosis [51]. Patients with hypertension and car-
diac hypertrophy were found to have reduced levels of MMP-1, MMP-2
andMMP-9 [58]. In this study, there was a significant decrease of cardiac
MMP-2 levels in Hyper group. Interestingly, FO supplementation
normalized MMP-2 levels and attenuated cardiac fibrosis. The reduction
of MMP-2 in Hyper group may also contribute to the observed fibrosis in
cardiac sections.

5. Conclusion

Thyrotoxicosis induced by daily injection of levothyroxine for 8
weeks was associated with elevated thyroid hormones, increased
heart to body weight ratio, systolic BP and heart rate. Thyrotoxicosis
was also associated with increased serum ET-1, TBARS and reduced
activities of cardiac catalase and SOD. Cardiac fibrosis paralleled with
a decrease of cardiac MMP-2 levels was seen in Hyper group. Use of
FO reduced heart rate, increased antioxidant enzyme activities of SOD
and catalase, increased TBARS levels and attenuated cardiac fibrosis
by normalizing MMP-2 levels. Our study suggests that thyrotoxicosis
may increase risk of cardiac diseases by increasing blood pressure,
inflammation/oxidative stress and fibrosis. Use of FO may attenuate
oxidative stress and fibrosis and reduce risk of cardiac disease in
hyperthyroid states.
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