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ABSTRACT

BACKGROUND: Acute myocardial infarction is characterized by a significant hemodynamic
insult leading to epicardial coronary arteries atherosclerosis. As thyroid hormone is important
regulator of the cardiac gene expression, many of the cardiac expressions of thyroid dysfunction
are linked with the alterations in the T3-mediated gene expression that changes in the cardiac
contractility, cardiac output, vascular resistance, rhythm disturbances and blood pressure.
METHODOLOGY: We have selected fifty AMI patients from Gulab Devi Chest Hospital,
Lahore to evaluate thyroid biomarkers, oxidative stress and lipid peroxidation markers from their
blood samples. Variables include antioxidant (CAT, SOD, GPX, GRx, GSH, Vitamins (A, C, E,
B6, B9, B12), stress markers (NO, AOPPs, MDA), and thyroid biomarkers (T3, T4, TSH,
TPOADb, TgAb) are determined by different lab tests and ELISA kits. Independent t-test was
applied for analysis.

RESULTS: The mean MDA level in AMI patients was 2.16 = 0.0015umol/L while in control
group was 0.951£0.001umol/L. Nitric oxide in diseased patients 35.26+3.26pmol/L is
remarkably increased as compared to normal subjects’ 23.26+4.26umol/L. The AOPPs shows
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significant increased levels in AMI group 127.06+£7.26umol/L in comparison with normal
subjects 99.26+4.23umol/L. AMI disease patients shows a decreased level of T3 3.05+0.16pg/dl,
T4 16.35+4.26pmol/L, TSH 5.26+2.16IU/L, TPO9.66+2.66 IU/L and TBG 51.26+4.41 IU/L as
compared to healthy controls. The mean SOD (0.36+0.0016U/ml vs. 0.625+.0011U/ml), CAT
serum levels in AMI group were 2.16+0.47 U/L, whereas in the control group was 4.26+0.016
U/L. The mean serum level of GSH and GRx, and GPx in acute myocardial infarct disease
patient was recorded as 6.23£1.99 umol/L, 3.08+0.06 umol/L and 7.23+£1.66 pmol/L
respectively. Levels of IL-6 and TNF-a in blood serum of AMI patients reported 6.28+1.23pg/ml
and 37.09+£2.09pg/ml respectively. Vitamin A, C, E, B¢, By, and vitamin B, in blood serum of
AMI group are 4.26+1.08nmol/L, 0.415+0.014nmol/L, 0.326+0.0014nmol/L, 66.35+4.29nmol/L,
2.16+0.016nmol/L, and 201.1146.35pmol/L respectively compared to healthy controls group.

CONCLUSION: The present work signifies that dysfunction of thyroid along with the oxidative
stress and decreased antioxidant capacity might be associated with the progression of acute

myocardial infarction by induction of endothelial dysfunction followed by atherosclerosis.

Keywords: Acute myocardial infarction, Thyroid Hormones, Oxidative Stress, Lipid
Peroxidation, antioxidants, vitamins

INTRODUCTION

Chronic heart disease is manifested
by the Myocardial infarction (MI) and is
sufficient to cause sudden death of patient.
The disease in which patient is affected
extremely in a stressful way is AMIL It
reported as a threat to life and mainly for
couples it is a high value family stress [1].
Even though, mainly there is occurrence of
myocardial infarction in the patients with age
45 or more, young women or men can suffer
with MI. The transmularity and reversibility
of myocardial injury due to insufficient
supply of blood and oxygen depends mostly

on duration of the blockage of coronary

artery; there may also be influence of many
other factors that intensify the damage, like
IPC  (Ischemic preconditioning) or the
collateral circulation to the affected area of
the myocardium. The nuclear loss and the
shrinking nucleus are first microscopic signs
of reduced blood flow towards heart
preventing it from receiving enough oxygen
and it is observed about after 6-hours from
the emergence of the occlusion of coronary
artery. The leukocyte infiltration of
polymorphonuclear nature, the swelling of

the myocyte and the necrosis of the

contraction band are also the characterization
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of acute MI [2]. Cardiovascular diseases
(CVD) are the foremost case of death in
western countries. According to the report of
WHO, 14 million of the people die per year
due to MI (WHO 2011). For the year 2008,
the data of mortality shows that in 2008 the
total 32.8% (811,940) was accounted for
CVD of all 2,471,984 deaths [3]. Risk factors
for coronary artery disease (CAD) includes
high BP, raised cholesterol levels in serum,
smoking, abdominal obesity, high-risk diet,
moderate alcohol consumption, physical
inactivity, psychological stress and diabetes
mellitus [4,5,6,52]. The symptoms that are
reported at the time of myocardial infarction
commonly include, crushing pain in the
chest, feeling of discomfort or heaviness,
nausea, palpitation, vomiting, feeling faint,
weak or dizzy, indigestion like feeling,
symptoms of flu, shortness of breath, pain in
shoulder/jaw/back/head, or panic feelings
and collapse (American Heart Association,
2007).

Cardiovascular system is known to be
affected in no. of ways by the
hypothyroidism or hyperthyroidism.
Although, the effects of thyroid dysfunction
readily

on cardiovascular system are

detectable, especially in the case of
hyperthyroidism. The evidences of the long-

term thyroid dysfunction on cardiovascular

outcomes are less clear [7]. However, the
Rotterdam Study concludes that the patients
having a subclinical hypothyroidism have a
notable increased aortic atherosclerosis
prevalence and MI [8]. Receptors for the
thyroid hormone are present on vascular
endothelial and myocardial tissues and are
sensitized to the changes in concentration of
circulation.

thyroid hormone in

Cardiovascular  system is  influenced
adversely even if there is a subtle change in
the thyroid hormone i.e. hypothyroidism or
hyperthyroidism. There are some
mechanisms that link two conditions and that
are dyslipidaemia, changes in the BP,
endothelial dysfunction and the effects of
thyroid hormone directly on myocardium.
Various interventional trials have showed
that when subclinical thyroid diseases are
treated, it improved the cardiovascular risk
factors. Over a period of last twenty years,
evidences support the association between
AMI and abnormal functioning of thyroid
following the unfavourable cardiovascular
outcomes. Experimental studies have shown
that after AMI thyroid hormone has an
important role to play in reducing the size of
infarct and improve the myocardial function
[9]. Vascular and cardiac effects was shown

by thyroid hormone [7] and in most of the

tissues, biochemical reactions are also
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regulated by thyroid hormones. Some of the
patients having AMI have been reported with
low levels of biologically active T3

(triiodothyronine) ~ which ~ shows  the
metabolism of the thyroid hormone is altered
[10]. These patients with low T3 had AMI
with congestive heart failure [11], after the
heart surgery [12, 53], and in addition, in
patients with variant serious

diseases [13].

systemic

In serious chronic failure of heart,
acute myocardial infarction [14, 15, 54], and
the surgery of heart [16], low T3 levels are
common [17]. High mortality rate is
associated with the low TH levels in plasma,
in both the patients with AMI and heart
failure [10]. Recently this hypothesis has
been addressed in the ischemia-reperfusion
experimental models and MI in animals, and
interestingly, evidences shows for the proper
response of myocardium to the stress of
ischemia TH has a critical role, and TH also
possess properties of cytoprotective nature
that in healthy tissues are silent, hence
manifesting during stress only [18,19,20]. So,
evaluation of relationship between the

thyroid hormones, oxidative stress markers

and acute myocardial infarction s
designated.
MATERIALS AND METHODS

Fifty AMI patients were screened at Gulab

Devi Chest Hospital, Lahore for assessing
thyroid biomarkers, oxidative stress and lipid
peroxidation markers. Informed consent was
obtained before being included in this study.
Twenty clinically apparently healthy
individuals were included as controls. Five
ml of venous blood sample were taken from
the anti-cubital vein of each participant. The
sample bottles were centrifuged within one
hour of collection, after which the serum
were separated and stored at -70°C until
assayed. Following  variables  were
performed: GSH [21], CATALASE [22],
SOD [23], MDA [24], GPX [25], GR [25],
NO [26], AOPPs [27], IL-6 (BioVendor
Human IL-6 ELIZA Kit), TNF-a (BioVendor
Human TNF-a ELIZA Kit), VIT-A [28],
VIT-C [29], VIT-E [30] , T3, T4, TSH, TPO
Anti-bodies, TBG Anti-bodies (human Bio
Vendor ELIZA kits) is determined by
Commercial Human Diagnostics Kits.
STATISTICAL ANALYSIS

The study was prospective case control and
the data was scrutinized statistically by
independent T-test and articulated as
mean+SD. P<0.05 is cut point to be
statistically significant.

RESULTS

The results depicted in table 1 reflect that
thyroid profile (T3, T4, TSH, Tg Ab, and

TPOAb) of acute myocardial infarction
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disease patients were statistically highly
significant (p<0.05). An increased level of
T4 in AMI patients (16.354+4.26pmol/L) were
recorded as compare to normal individuals
(11.2542.25pmol/L). The mean value of TSH
in both normal and AMI patients were
3.26+1.005IU/L and 5.26+2.161U/L
respectively. Similarly, TgAb and TPOAD,
thyroid associated auto antibodies levels in
acute MI patients (51.26+4.411U/L and
9.66+2.661U/L) were significantly increased
as compare to healthy

(31.25+3.261U/L and 6.35+1.051U/L)

individuals

respectively. While in the case of FT3, high
values were recorded in control group
(5.26pg/dl) as compared to diseased group
(3.05pg/dl). Levels of HDL in CVD patients
decreased significantly (p=0.018). The mean
value of MDA in AMI patients was
2.16umol/L while in control group was
0.951umol/L. This shows that MDA level
increases in cardiovascular patients as
compared to healthy individuals and also
found to be statistically significant (p=0.000).
The nitrosative stress biomarker, NO in
diseased patients (35.26+£3.26umol/L) is
remarkably increased as compared to normal
subjects (23.26+4.26pumol/L). The data
interpretation of AOPPs shows statistically
significant increased levels in AMI group

(127.06£7.26pmol/L) in comparison with

normal subjects (99.26+4.23umol/L). The
mean serum level of IL-6 in acute myocardial
disease patients and normal individuals was
recorded as 6.28+1.23pg/ml and
3.73+£2.76pg/ml respectively showing the
increased levels of IL-6 in AMI patients as
compared to normal and statistically
significant. The data interpretation of TNF- a
increased

shows statistically significant

levels in AMI group 37.09pg/ml in

comparison ~ with  normal subjects’
21.26pg/ml. This entails the higher value in
acute myocardial infarction patients as
compared to normal subjects. So, the results
concluded that increasing trends of oxidative
stress biomarkers observed in AMI patients
than normal subjects give a picture of their
importance in the pathogenicity of
myocardial infarction. Data interpretation of
AMI disease patients demonstrated that
decrease levels of enzymatic antioxidants
SOD (0.36+0.0016U/ml Vs.
0.625+.0011U/ml), CAT (2.16+£0.47 U/L vs.
4.26+0.016 U/L), glutathione (6.23+1.99
8.06+1.26pumol/L),  and
glutathione reductase (3.08+0.06umol/L vs.
4.26+0.0015umol/L)

(7.23+1.66pmol/L Vs,

pmol/L  wvs.

except GPx
6.26+1.22pumol/L)
which is raised in case of acute myocardial
antioxidant

infarction.  Non-enzymatic

biomarkers reported that Vitamin A level in
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AMI patient decreases as compared to
controlled persons and are found highly
significant. An overall decreasing trend in
vitamin C was seen between both AMI
(0.415+0.014nmol/l) as compared to normal
(0.65+0.0016nmol/L). The
levels of vitamin B6 (66.35+4.29nmol/L),

subjects low

vitamin B9 (2.16+0.016nmol/L) and vitamin
B12 (201.11+6.35pmol/L) were observed in
AMI patients as compared to vitamin B6
(77.26+6.25nmol/L),

(3.26+0.0018nmol/L) and
(226.25+8.26pmol/L) respectively.
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DISCUSSION

The myocardial ischemia is known to
be induced by the spasm in the coronary
artery, thrombosis or atherosclerosis, which
causes a decrease in the supply of blood to
the heart. The supply of oxygen may be
restored by reperfusion of the ischemic
myocardium. However, abrupt massive
increase in the supply of oxygen causes a
burst of consumption of oxygen with
consequent production of ROS (reactive
oxygen species). An increased production of
ROS causes the inhibition of activity of
antioxidant, which may cause alteration of
the cellular lipids, DNA and proteins of the
myocardium and it results in the formation of
atherosclerotic  lesions.  Atherosclerosis,
which is the root cause of the acute
myocardial infarction, appears to be an
inflammatory condition of chronic nature that
has converted to an acute clinical event by
the initiation of the rupture of the plaque,
which leads to the thrombosis. Also, a very
important and central position is occupied by
inflammation in all the phases of
atherosclerosis, which is the latent cause of
AMI, even though inflammation must
smolder for many years before resulting a

clinical event, like myocardial infarction

[31].

Molecular  pathways of  the
angiogenesis; myocyte regeneration and
differentiation are regulated by TH, and it
finally improve the shape of myocyte and
function of left ventricle, that ultimately
leads to the improved cardiac performance. It
is associated closely with various other
cardiac diseases like arterial hypertension,
dyslipidaemia, heart failure, AMI,
atherosclerosis [32,33]. Heat shock proteins
(HSP) are also regulated by TH, which by
nature is cardio protective. Hence it can
control the response to stress. When TRa
(thyroid hormone receptor alfa) are inhibited,
it causes the down regulation of thyroid
hormone in the post ischemic myocardium.
MI is elevated in ST segment has found to
have TH dysfunction [34]. The beta myosin
heavy chain (MCH) expression was
decreased after the administration of TH,
which  promotes ultimately the wall
thickening of ventricle and preventing a state
of hypothyroidism [35]. Kalofoutis C et al
[36] found that in diabetic rats, AMI caused
by the TH receptors down regulation. Some
believes that TH starts this down regulation
much before the start of the process of
infarction. In our study, the total serum T3
levels were observed to be reduced
remarkably in AMI patients after 12 to 24

hours of the onset of symptoms possibly
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considering a state like hypothyroid in AMI.
Mechanism for the impermanent low T3
levels in the acute cases may be due to the
reduced peripheral and hepatic conversion of
T4 to T3, as of the 5' monodeiodinase
enzyme level activity is low. Level of the
TSH will be increased from pituitary by low
T3 levels that leads to an increase in the T4
and T3 level in the serum. Our study is in
accordance with friberg et al [37] and Chan-
hee et al [38] that reports low fT3 levels with
increment in FT4 in the first few days of
AMI. The low levels of fT3 are a powerful
predictor of long- and short term poor
prognosis in the condition of AMI. Wang et
al [39] reports a lower level of fT3 correlates
with elevated levels of cardiac markers and a
lower LVEF (left ventricular ejection
fraction). Therefore, in AMI lower levels of
T3 may be the predictor for myocardial
injury.

To the injury, the immuno-
inflammatory response that results from
reperfusion and ischaemia of the infarcted
myocardium is associated with the initiation
of various cytokines including TNF-a and
IL-6 [40]. A pleiotropic cytokine IL-6 has a
cellular and humoral immune effect and are
related to inflammation in response to TNF-
o, IL-1, and is involved in the recruitment

and activation of inflammatory cell, also

stimulate liver to produce CRP and it may
also have negative inotropic effect that is
mediated through the myocardial nitric oxide
synthase [41]. Raised levels of IL-6 increase
the instability in the mechanism of the
formation of unstable plaque [42]. An inverse
co-relation has shown by IL-6 with T3 in
AMI [43]. In the present study, there has
been observed a notable increase in the levels
of IL-6 in the AMI patients as compared to
the normal individuals. Our results resemble
with the study of Chen et a/ [38] that exhibit
the raised levels of IL-6 caused damage in
tissues and aggravation of disease in MI. In
Myocardial  infarction, there is an
involvement of TNF-a in the inflammation
by stimulating the apoptosis of cardiac cells.
Various studies, including in vitro and in
vivo have proclaimed that an -elevated
amount of TNF-a is produced by heart cells
when mechanical stress is present. During the
excess pressure, TNF-a contribute to the
adverse remodelling of LV, which results in
ventricular impairment. The reports of Cesari
et al |[44] and Tuomisto et al [45] shows a
positive  association of cardiovascular
diseases and TNF-o in their prospective
studies, which are also confirmed by our

study. In our research, raised TNF-a levels

were recorded in the diseases patients as
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compared to the control group that is also
parallel with the study of Ridker ef al [46].

Particularly the chlorinated oxidants,
chlorinated amines and hypochlorous acid,
are products of MPO (myeloperoxidase)
system which cause the damage of protein
that results in the generation of modified
proteins called AOPPs. Our results are
concurrent with the study of Skvarilova, et al
[47] that demonstrated notably raised AOPPs
level in the patients with non-ST elevated
myocardial infarction and acute coronary
syndrome. This indicates that
myeloperoxidase system in patients is
contributing relatively to the genesis of
enormous amount of hypochlorous acid.
Immoderate accumulation of this particular
ROS, causes it to react with most abundant
protein, which is albumin, it oxidizes it and
form AOPPs, which then further triggers the
NADPH oxidase and hence contributes to
inflammation as well as oxidative stress.

This study demonstrated that the
increase in the levels of NO in AMI patients
as compared to the normal individuals which
is concurrent with the study of Sanchez de
Miguel et al [48], that the amount of nitric
oxide (NO) that is generated by neutrophils
from the AMI patients was notably higher
than that was generated by the neutrophils
from UA patients. Many studies on the

individuals of cardiovascular disease have
been reported an elevated lipid hydro
peroxides (LHP) and MDA level in serum
and blood samples. Our study reported
notably high levels of MDA in AMI patients
in comparison with the healthy individuals.
These results provide verification that a
major fraction of generated free radicals are
contributed by the atherosclerosis, which
then leads to raised levels of lipid
peroxidation. Therefore, oxidative stress
leads to the lipid peroxidation. Our results
are in accordance with Walter ef al [49], and
showed that the TBARS serum elevated
levels in CAD has been found to predict the
major cardiovascular events.

Up to date evidences proposes that in
each sub-cellular location, SOD catalyse the
conversion of O,- to H,O,, which participate
in the signalling of cell. Additionally, a
critical role played by SOD in inhibiting the
oxidative inactivation of NO (nitric oxide),
thereby preventing the formation of
peroxynitrite  and  mitochondrial  and
endothelial dysfunction [S50]. Our study
showed a notably reduced level in patients of
AMI in comparison to the normal
individuals, which are coincident with Seema
et al |51] indicated a notable reduced SOD
levels in many groups of CVD. Reduced

levels may be due to production of very large
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amounts of endogenous superoxide ions in
body of the patients, which then led to the
increased reaction of SOD with NO and it
forms  peroxynitrite ions instead of
converting superoxide to H,O,. Also the
diminished levels of SOD led to further
production of SOD ions and H,0, An
increment in the lipid per oxidation also
contributed in the reduced levels of SOD. In
the catalysis of reduction of the fatty acids
into hydrogen peroxide (H»O;) and
hydroperoxides, GPx is involved. In the
present study the levels of GPx were raised
in diseased group when compared with the
normal. The raised level of GPx proposes
that the activity of GPx enhances due to the
reduction in SOD and CAT to fight the
oxidative stress and reduced H,O, It may
also be due to the elevated concentration of
lipo-peroxides, which incite the GPx
production. The catalase level was decreased
notably in AMI patients compared to the
controls. Our findings are in accord with the
findings of Kumar et al [52] and Gunasekara
et al [53]. Experimental studies have showed
that diminished glutathione (GSH) is
involved in cellular defence from detrimental
effects of the oxygen free radicals in
reperfusion and ischemia. In our study, GSH
along with its diminished form, levels of

glutathione reductase are reduced in patients

of AMI as compared to the controls which
display the condition of increased oxidative
stress in myocardial cell. Our study in
concurrent with Kharb [54] and Bashar et al
[S5] reported depletion in both the anti-
oxidant biomarkers. Low concentrations of
vitamin C in plasma are reported frequently
in the elderly people, a group with high-risk
of sub-clinical inflammation. Our study
described significantly low vitamin C levels
in the patients of AMI in accordance with the
normal group. Which is supported by study,
which concludes that visible risk of AMI that
is associated with the low ascorbic acid
levels in plasma was disfigured by APR
(acute phase response) [56]. Various studies
levels of

have discerned the raised

homocysteine as risk factor for the
atherothrombosis. Patients having acquired
vitamin B12 deficiency for folate had a very
high risk of thrombus because of
hyperhomocysteinemia [S57]. Melhem et al
[S8] studied that in young men AMI and the
anemia of

pulmonary embolism with

pernicious nature induced
hyperhomocysteinemia. A case-control study
of 224 Pakistani patients suffering with the
AMI has displayed that there was a notable
correlation between the vitamin B12, B6 and
folic acid deficiency and the mild

hyperhomocysteinemia in patients with AMI
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[59] and that is in the accordance with results
of our study, which was showing vitamin B9,
B6 and vitamin B12 deficiency in AMI. A
fat-soluble antioxidant with the alpha
tocopherol is vitamin E. it is involved in the
CVD prevention through the oxidation of
LDL that stimulates inflammatory markers
that are involved in the formation of foam
cells [60-71]. On the endothelial cells, it has
cytotoxic  effects, limits the tissue
macrophages mortality thus inhibiting the
vasodilation induced by NO that leads to the

atherosclerotic plaque formation. Our study

described vitamin E decreased levels in AMI

patients as compared to the healthy
individuals.
CONCLUSION

Cardiovascular signs and symptoms
of the thyroid disease are some of the most
acute and clinically relevant findings that
supplement  both  hypothyroidism and
hyperthyroidism. On the premise of
understanding of cellular mechanism of the
action of thyroid hormone on heart and
cardiovascular system, it is probable to
explain alterations in the cardiac output,
blood pressure, rhythm disturbances, cardiac
contractility and vascular resistance that
results from the thyroid dysfunction. The

condition of oxidative stress is generated by

it along with the depletion in antioxidant

capacity to conquest over this stress and
leading that induce endothelial dysfunction
leading to atherosclerosis and eventually
AML. The significance of the identification of
the effects of thyroid disease on acute
myocardial infarction also extract an
observation that the restoration of normal
thyroid function repeatedly reverses the
abnormal cardiovascular hemodynamic.
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