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Introduction:-

Thyroid gland is partially responsible for the regulation of the energy output allover the body and this action take
place under the control of thyroid hormones which are essential for the development of organs and tissues as well as
maintenance of the life quality by regulating cardiac output, lipid catabolism and increase the basal metabolic rate,
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So in case of thyroid dysfunction, it is expected that there will be characteristically insidious, multiple and diverse
manifestations allover the body [1].

Thyroid hormones, Triiodothyronine (T3) and thyroxine (T4) critically regulate cardiac performance by many genes
encoding important structural proteins in the myocardium [2] which are thyroid hormone responsive [3].
Cardiovascular system responds to minor changes in thyroid hormones levels through alterations of the vascular
response and endothelial function [4]. Furthermore, a low thyroid hormone level appears to be an independent
predictor of mortality and morbidity in heart diseases [5].

Chronic hypothyroidism in adult rats leads to the loss of coronary arterioles and impaired blood flow; it induces
maladaptive changes in the shape of myocytes and the development of heart failure and their severity (depending on
the degree and the time elapsed since thyroid hormone deficiency). Experimental studies associated with thyroid
dysfunctions and changes in the metabolism and body development are based on the suppression of hormone
production [6] and this studies have shown that thyroid disorders not only exert profound effects on cardiac function
in rats [7], but also it can be associated with oxidative damage and inflammation which responsible for the
progression of heart failure [8] due to oxidative stress [9].

Since hyperlipidemia too can induce oxidative stress, as demonstrated in animals [10, 11], alterations in thyroid
hormones will lead to the changes in serum lipid profile causing Dyslipidaemia [12, 13] i.e Characterized by
increased total cholesterol (TC), triglycerides (TRIG) and low density lipoprotein cholesterol levels (LDL-C)
[14, 15] and decreased high density lipoprotein cholesterol levels (HDL-C) [16], as Lipoprotein serum levels
increase in hypothyroidism, together with a reduction of oxidative metabolism . An important index of body
antioxidant defense is the total antioxidant capacity (TAC) of blood serum, which is studied more and more
frequently representing the functional sum of antioxidants present in plasma and it is a measure of the extracellular
antioxidant barrier [17, 18].

Recent studies suggest that the markers of inflammation may reflect inflammatory process and the pathogenesis of
atherosclerosis and have a potential role in the prediction of risk for cardiovascular diseases [19, 20] like lactate
dehydrogenase (LDH) and creatine phosphokinase (CPK). Among these, CPK has shown promising results as a
diagnostic tool for thyroid disease. Serum CPK was first used as a diagnostic aid in progressive muscular dystrophy
it has since then become important clinical marker for muscle damage. In recent years, studies have been conducted
to establish a relationship of CPK levels in thyroid diseases. Cardiac muscle is affected by hypothyroidism more
profoundly in cases of overt hypothyroidism [21, 22]. Thus, the assay of CPK activity in serum may prove to be
valuable in screening of thyroid disorders and in the present study, we tried to evaluate the role of CPK as an
alternative diagnostic tool in cases of thyroid disorder.

C- reactive protein (CRP) is composed of 187 amino acids and is an acute phase protein synthesized by the
stimulation of leukocyte endogenous mediator. Activity of CRP is sensitive, important and well established marker
for assessment of inflammation [23].

CRP may increase to over 50,000 times the normal value, starting within 6 h and reaching a peak in two days and
persist for longer periods of time depending on the degree of tissue damage and inflammation. Its concentration
depends on the rate of synthesis, since it has a constant half-life in plasma [24]. Studies in the past have created
confusion with respect to such inflammatory markers in subclinical hypothyroidism from no risk to definite risk
[25]. However, CRP is not a routinely measured parameter in the diagnosis of thyroid diseases, even though due
attention should be given to it in the presence of hypothyroidism.

Cardiac troponins are the most specific and sensitive available biochemical cardiac markers [26]. Troponin is a
complex of three proteins on the thin filaments of cardiac muscle fibers. During muscle contraction the troponin
complex regulates the interaction between the thick and thin filaments. This complex consists of troponin T
(TnT; Tropomyosin binding), troponin | (Tnl, Inhibitory component) and troponin C (TnC, Calcium binding
component). Troponin | is very specific to cardiac muscle and its presence in blood indicates cardiac tissue necrosis.
Also, it has been established as sensitive and specific markers of minor myocardial lesions with acute coronary
syndrome [27, 28, 29, 30]. Concentrations of cardiac troponin rise 3-4 hours after the cardiac damage and sustained
for few days or even more [31]. Presently, the diagnosis of myocardial infarction increasingly is based on increased
cardiac troponin concentration [32]. The effect of hypothyroid status on inflammatory markers, as major and
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sensitive risk factors for cardiovascular diseases and developing atherosclerosis in relation to lipid profile and TAC
as reference for the oxidative stress was recently studied, but not yet clarified.

PTU drug has been long used to induce hypothyroidism in animal models such as the rat [33], thus the purpose of
this study was to evaluate the cardiac dysfunction caused by PTU induced hypothyroidism in adult male albino rats
by cardiac inflammatory markers with relation to lipid profile and TAC for two different periods of time.

We anticipated that the consequences of induced low thyroid function in rats for 2 months would have a more
pronounced effect than that previously observed for one month in rats treated with PTU and this will be proved by
cardiac markers of inflammation.

Materials and Methods:-

Animals:-

All experiments were performed using 24 adult male albino rats, weighing from 130 to 160 g. They were obtained
from the Faculty of veterinary medicine, Zagazig University, Egypt. Food (standard diet, and water were available
ad libitum). The animals were acclimated for one week under the same laboratory conditions of photoperiod (12-h
light: 12-h dark cycle), a minimum relative humidity of 40 % and room temperature 23 + 2° C. All animal
procedures are carried out according to the specifications stated for the proper care and use of laboratory animals
[34].

Experimental design:-

Rats were randomly divided into four groups each of six males, as follow:

- Group |, comprising six individuals and had access to food and water ad libitum and serving as control (1) for one
month.

- Group I, whose individuals received 0.05% PTU (thyrocil 50 mg: AMOUN PHARMACEUTICAL CO.S.AE,,
EGYPT) dissolved in water by gavage for one month to induce hypothyroidism, as previously described [35, 36].

- Group 11, comprising six individuals and had access to food and water ad libitum and serving as control (2) for
two months.

- Group 1V, whose rats were treated with 0.05% PTU orally in water by gavage for two months to induce overt
hypothyroidism.

The dose of PTU was selected based on the clinical application and on results from previous experiments in
experimental animals against hyperthyroidism treatment [37].

Blood collection:-

At the end of the experimental period, animals were over night fasted and euthanized with a mixture of ketamine (75
mg/kg) and xylazine (10 mg/kg) and whole blood samples were collected from the medial canthus of the eye in
sterilized plain tubes and left to clot at room temperature for 20 minutes. Sera were separated by centrifugation of
the blood at 3000 rpm for 15 minutes and the clear serum was collected and kept frozen at -20° C for determination
of various biochemical analyses.

Biochemical assays and analysis:-
Samples were processed according to the recommendations of the manufacturer of the analytical technique used.

Determination of serum TT3, TT4 and TSH:-

Establishment of altered thyroid status was confirmed by measurement of serum levels of thyroid hormones TT3,
TT4 and TSH. TT3 and TT4 were estimated by ELISA in serum samples using commercial kits from
CALBIOTECH, CANADA (Catalogs No. T3043T-100 and T4044T-100 respectively) follow the manufacture
instructions using a Coat-A-counter. The concentration of hormones was read from a graph paper. TSH was
estimated by ELISA in serum samples using commercial Kits from Demeditec Diagnostics TSH rat ELISA,
Germany, following the manufacture instructions.

Serum Oxidative Stress Measurements; Total Antioxidant Capacity (TAC):-

TAC in serum was measured by using a Randox assay (CELL BIOLAB, INC. USA). The assay was performed in
accordance with the manufacturer instructions [38, 39].
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Serum Total cholesterol, Triglycerides, HDL-C and LDL-C:-

Concentrations of TC, TRIG and HDL-C were measured by means of B.M. Hitachi 742 auto-analyzer, using
VITRO SCIENT diagnostic kits, Germany and enzymatic methods following the manufacture instructions.
Concentration of LDL-C was calculated according to the Friedewald formula (1972) [40].

Estimation of serum LDH and CPK activities:-

Serum CPK and LDH were measured using commercial kits from Abnova (Catalog Number KA1665) (UK) and
VITRO SCIENT diagnostic kits (Germany) as indices of cardiac integrity. The activity of serum enzymes were
expressed as 1U/L.

Estimation of serum CRP and Cardiac TROPONIN 1 activities:-

C - reactive protein levels were measured using Rat- CRP ELISA kit (BD ™ ELISA, USA) following manufacture
instructions. Cardiac troponin I (cTnl, CALBIOTECH, Troponin | ELISA, CANADA) was measured in the serum
according to the manufacture procedures using a spectrophotometric reader Power Wave XT  (BioTek, USA).

Histopathology:-

The 10% neutral formalin-fixed heart tissues were embedded in paraffin, and 4-pum thick sections were cut. Paraffin-
embedded sections of the hearts were stained with either hematoxylin-eosin or Masson's trichrome  (Sigma-
Aldrich, St. Louis, Missouri, USA) for histopathological evaluation according to (Bancroff et al., 1990) [41]. After
staining, the sections were dehydrated in ethanol/water baths with decreasing water content and finally rinsed in
xylene before being mounted with a permanent mounting medium. Gross examination and histological sections were
analyzed by two independent pathologists in a blinded fashion.

Statistical analysis:-

Data of the present study were statistically analyzed using One-way Analysis of Variance (ANOVA), followed by
means separation for multiple means comparison using Duncan's multiple range test (DMRT). The correlations were
assessed by Pearson correlation. Statistical analyses were applied by Spss for windows version, 20. Results were
considered significant at probability level < 0.05.

RESULTS:-

Effects of thyroid dysfunction on serum TT3, TT4, TSH and TAC:-

Variations in TT3, TT4, TSH and TAC concentrations are illustrated in Table (1) and Figure (1). TT3 and TT4
underwent a highly significant decrease (P < 0.01) in the hypothyroid rats (0.07° + 0.01 and 26.2° + 0.89 ng/dl) and
(0.04° + 0.01 and 15° + 1.35 ng/dl) as compared to the healthy controls (0.42% + 0.04 and 45.9* + 0.58 ng/dI) and
(0.31* £ 0.02 and 45.8* + 1.3 ng/dl) after one and two months of PTU oral administration respectively confirming
the establishment of hypothyroidism.

There were also a highly significant increase (P < 0.01) of TSH levels in the hypothyroid rats (10.9° £ 0.66
wIU/ml) and (15.4% + 0.78 plU/ml) as compared to the healthy individuals (2.78° + 0.21 puIU/ml) and (2.88° + 0.22
pulU/ml) after one and two months of PTU oral administration respectively which also confirmed the hypothyroid
state.

Serum TAC, was highly significantly (P < 0.01) lower in hypothyroid-treated rats (10.9° + 0.16 mM) and (8.36° +
0.33 mM) compared with those of controls (16.1* + 0.68 mM) and (15.3* + 0.67 mM) after one and two months of
PTU oral administration respectively.

Table 1:- Effects of thyroid dysfunction on serum TT3, TT4, TSH and TAC for one and two months of 0.05% PTU
oral administration.

Time One Month Two Months
Parameter Control | Hypo. | Control 11 Hypo. 11
TT3 (ng/dl) 0.42° +0.04 0.07° +0.01 0.31°+0.02 0.04° +0.01
TT4 (ng/dl) 45.9° + 0.58 26.2° +0.89 45.8° +1.3 15° +1.35

TSH (uIU/ml) 2.78°+0.21 10.9°+ 0.66 2.88°+0.22 15.4*+0.78
TAC (mM) 16.1% + 0.68 10.9° +0.16 15.3%+ 0.67 8.36° +0.33
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TT3: total triiodothyronine; TT4: total thyroxine; TSH: thyroid stimulating hormone; TAC: total antioxidant
capacity. Values are expressed as Mean * SE, values in each row with different superscripts (a, b, c) are
significantly different at P < 0.05 and highly significant different at P <0.01. n = 6 rats/group.
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Figure 1:- Effects of thyroid dysfunction on serum TT3, TT4, TSH and TAC for one and two months of 0.05 %
PTU induced hypothyrodism.

Effects of thyroid dysfunction on serum TC, TRIG, HDL and LDL :-

Table (2) and Figure (2) showed a highly significant (P < 0.01) increased levels of TC in the hypothyroid rats
(139.9° + 2.57 mg/dl) and (162.2* + 2.23 mg/dl) as compared to the healthy controls (108.1° + 3.27 mg/dl) and
(124.9° + 6.17 mg/dl) after one and two months of PTU oral administration respectively.

There were also a highly significant (P < 0.01) increase levels of TRIG in the hypothyroid rats (1018° + 16.7
mg/dl) and (1305% + 11.2 mg/dl) as compared to the healthy individuals (659.1% + 25.9 mg/dl) and (834.9° + 56.2
mg/dl) after one and two months of PTU oral administration respectively.

There were also a highly significant (P < 0.01) decrease levels of HDL-C in the hypothyroid patients (27.16" + 0.91
mg/dl) and (13.28° + 0.99 mg/dl) as compared to the healthy individuals (32.24% + 0.61 mg/dl) and (31.65% + 0.77
mg/dl) after one and two months of PTU oral administration respectively.
There were also a highly significant (P < 0.01) increase levels of LDL-C in the hypothyroid rats (90.88" + 1.28
mg/dl) and (112.1% + 0.86 mg/dl) as compared to the healthy individuals (55.60° + 2.37 mg/dl) and (73.38° + 5.7
mg/dl) after one and two months of PTU oral administration respectively.

Table 2:- Effects of thyroid dysfunction on serum TC, TRIG, HDL and LDL for one and two months of 0.05% PTU
oral administration.

Time One Month Two Months
Parameter Control | Hypo. I Control Il Hypo. Il
TC (mg/dl) 108.17 £ 3.27 139.9° + 2,57 124.9°+6.17 162.2° +2.23

TRIG (mg/dl) 659.1% + 25.9 1018° + 16.7 834.9°+56.2 1305% +11.2
HDL (mg/dl) 32.24°+ 0.61 27.16°+0.91 31.65%+ 0.77 13.28°+ 0.99
LDL (mg/dl) 55.60° + 2.37 90.88° + 1.28 73.38°+5.7 112.1°+0.86

TC: total cholesterol; TRIG: triglycerides; HDL-C: high density lipoprotein; LDL-C: low density lipoprotein.

Values are expressed as Mean * SE, values in each row with different superscripts
different at P< 0.05 and highly significant different at P<0.01. n = 6 rats/group.

(a, b, c, d) are significantly
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Figure 2:- Effects of thyroid dysfunction on serum TC, TRIG, HDL and LDL for one and two months of 0.05%
PTU oral administration.

Serum LDH, CPK, CRP and cTnl:-

Table (3) and Figures (3, 4) showed some biochemical parameters that indicated heart injury in rats. LDH activities
were highly significant increased (P< 0.01) in hypothyroid rats (720.4* + 70.79 U/L) and (672.5% + 59.55
U/L) compared to those of controls (104.4° + 3.51 U/L) and (195.2° + 4.37 U/L) after one and two months of PTU
oral administration respectively, while serum CPK activities shows highly significant increase (P< 0.01) in
hypothyroid rats (186% + 4.19 U/L) and (163" + 1.69 U/L) compared with controls rats (141.4° + 4.82
U/L) and (116.4° + 3.66 U/L) after one and two months of PTU oral administration respectively.

The CRP levels showed also highly significant (P< 0.01) increase in the hypothyroid rats (5.15" +0.22
mg/L) and (5.63% + 0.11 mg/L) as compared to the healthy individuals (4.46° + 0.01 mg/L) and  (4.55° + 0.13
mg/L) after one and two months of PTU oral administration respectively.

Meanwhile, cTnl levels were also highly significant (P< 0.01) increased in the hypothyroid rats (0.13%+0.01

mg/L) and (0.14% + 0.18 mg/L) compared to control rats (0.08" + 0.01 mg/L) and (0.05" + 0.01 mg/L) in one and two
months of PTU oral administration respectively.

Table 3:- Effects of thyroid dysfunction on serum LDH, CPK, CRP and cTnl for one and two months of 0.05%
PTU oral administration.

Time One Month Two Months
Parameter Control | Hypo. | Control Il Hypo. Il
LDH (U/L) 104.4° + 3,51 720.4* +70.79 195.2° + 4.37 672.5% + 59.55
CPK (U/L) 116.4° + 3.66 163° + 1.69 141.4° + 4.82 186 + 4.19
CRP (mg/L) 4.46°+0.01 5.15° +0.22 455°+0.13 5.63"+0.11
cTnl (mg/L) 0.08°+0.01 0.13° +0.01 0.05% +0.01 0.14*+0.18

LDH: lactate dehydrogenase; CPK: creatine phosphokinase; CRP: c- reactive protein; cTnl: cardiac troponine I.
Values are expressed as Mean * SE, values in each row with different superscripts (a, b, c, d) are significantly
different at P< 0.05 and highly significant different at P<0.01. n = 6 rats/group.
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The correlation results:-
The correlations between cardiac markers and all variables are illustrated in Table (4) that showed highly significant
correlation between LDH and CRP with all parameters.

Table 4:- Pearson correlation analyses of cardiac markers with TT3, TT4, TSH, TAC and lipid profile

parameters LDH CPK CRP cTnl
TT3 -.896" -.091 -7617 -.337
TT4 -.828" -.097 758" -.270
TSH 868" 120 835" 4027
TAC -835" -.1637 -775 -355"
HDL -.664" -.199” -7977 -.3187
LDL 7897 3737 760" 4407
TC 750 360" 7407 4307
TRIG 7767 352 7817 4317

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Tables (5, 6) showed strong negative and positive correlations of all lipid profile parameters with TSH and thyroid
hormones respectively except HDL that showed the opposite correlation. TAC had strong negative and positive

correlation with TSH and thyroid hormones respectively.
Table 5:- Pearson correlation analyses of Lipid profile with TT3, TT4 and TSH

parameters HDL LDL TC TRIG
TT3 7417 -.865 -837" 9337
TT4 8797 -8737 -.8457 -.888"
TSH -.884" 8727 8527 8927

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Table 6:- Pearson correlation analyses of TAC with TT3, TT4 and TSH

parameters TAC
TT3 933"
TT4 9417
TSH -.932"

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Histopathological results:-

Figure 5:- A and B: Heart of the control group stained with hematoxylin-eosin (x40) (A) and Masson's trichrome
(B) showing a well-organized lamellar arrangement of cardiomyocytes without signs of fibrosis. C and D: heart of
the 0.05% PTU group after one month of induction stained with hematoxylin-eosin (x40) (C) and Masson's
trichrome (D) showing infiltration of leucocytes (blue color). E and F: heart of the 0.05% PTU group after two
month of induction stained with hematoxylin-eosin (x40) (E) and Masson's trichrome (F) showing cardiomyocytes
hypertrophy with increased size of the nuclei and presenting area of fibrosis.
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Discussion:-

After one and two months of oral 0.05% PTU treatment in rats, the serum TT3 and TT4 levels were depressed,
whereas the serum TSH level drastically increased, indicating the establishment of hypothyroidism. This apparent
discrepancy in the levels of thyroid hormones and TSH has been described in previous literature [42].

The improper thyroid function is associated not only with general metabolic disturbance but also with a number of
other apparently unrelated health issues such as cardiac diseases [43, 44] as Triiodothyronine (T3) exerts effects on
various sodium, potassium, and calcium channels in the heart, and thus changes in intracellular levels of calcium and
potassium can increase inotropy and chronotropy [45].

Recent studies demonstrated that hamsters with dilated cardiomyopathy have subclinical hypothyroidism and
benefited significantly from thyroid hormone treatment, another study demonstrated greater infarct size in dogs with
PTU induced hypothyroidism. Our study showed that hypothyroidism in rats is related to the development of cardiac
inflammation along with function decline (with oxidative stress that was observed by depression of TAC and
disturbance of lipid profile). However, hypothyroid state may increase the risk of the morbidity associated with
circulatory diseases and ischemic heart disease. TAC shows overall amount of antioxidants in the body. The
advantage of this test is that it measures all antioxidant, not just in a bioactive component [46, 47].

Thyroid hormones influence all major metabolic pathways. Their most obvious and well-known action is an increase
in basal energy expenditure through actions on protein, carbohydrate, and lipid metabolism. With specific regard to
liver lipid metabolism, thyroid hormones stimulate fatty acid and cholesterol synthesis by inducing 3-hydroxy-3-
methyl- 9 glutaryl co A reductase in liver and also affect lipoprotein lipase activity thus, influence the hydrolysis of
triglycerides into VLDL and chylomicrons into fatty acids and glycerol, increase mobilization of plasma cholesterol
and triglycerides, and stimulate fatty acid and cholesterol degradation [48].

Experimental hypothyroidism induced by PTU treatment is characterized by altered lipid profile as a well-known
manifestation of thyroid dysfunction [49]. In hypothyroidism, increased total cholesterol is due to the decreased
catabolism and increased levels of serum cholesterol. The catabolism of cholesterol into bile is mediated by the
enzyme cholesterol 7a-hydroxylase. This liver-specific enzyme is negatively regulated by T3 and may contribute to
hypercholesterolemia [50]. Hypertriglyceridemia is due to decreased activity of lipoprotein lipase in the adipose
tissue Moreover, because thyroid hormone has direct effects on fatty acid synthesis and desaturation, membrane
phospholipids fatty acid composition is significantly altered in the hypothyroid state [51].

Thyroid hormones also affect cholesterol ester transfer protein (CETP) and hepatic lipase activity which is decreased
in hypothyroidism this will cause changes in total high density lipoprotein (HDL) levels. Thyroid hormones
especially Triiodothyronine (T3) induces LDL receptor gene expression in the liver and enhances LDL clearance,
but in hypothyroidism there is a down regulation of LDL receptor gene and decreased number of LDL receptors in
liver this causes delayed clearance of LDL from circulation [52] followed by increased levels of LDL and this leads
to Hypercholesterolemia [48].

Our study supports the hypothesis that hypothyroidism is associated with relatively increased inflammatory markers
levels along with dyslipidaemia compared to control group and they can give rise to future development of
cardiovascular risk. To explore such effects of hypothyroidism on cardiac function, we had investigated circulating
enzymes activities that are markers of cardiac function. The enzymatic activities profile in hypothyroidism was
greatly increased. Such increases corresponded with several cardiac pathologies such as infarcts. In effect, many
studies had reported that LDH and CPK elevated activities are consistently correlated with cardiac dysfunction [53].

Recently CRP has emerged as new cardiovascular risk factors in which inflammation plays a significant
contributory role. Cardiovascular disease is seen more frequently in hypothyroidism, but studies on changes of this
marker with respect to thyroid function status have produced variable results. The association of hypothyroidism
with plasma pro-inflammatory markers such as CRP has been demonstrated in some studies [54]. In this study, the
degree of elevation of CRP in serum was correlated with the severity of hypothyroidism, other Studies have
described an elevated concentration of CRP [55] which was positively correlated with TSH concentration,
Wonn et al., (2004) [56] proposed that CRP directly stimulates the inflammatory reaction by inducing the ex-
pression of adhesion molecule in vascular endothelial cells. Lack of thyroid hormones leads to slowing down the
overall metabolic rate, and all the biochemical processes may be impaired under those circumstances. Thus, the rate
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of CRP clearance may result in CRP serum level increase. Similarly, slow CRP uptake in target cells might also add
to this phenomenon. CRP levels have not been routinely used to diagnose thyroid disease, although many thyroid
conditions involve inflammation [57].

On the other hand, troponin is a very useful marker within the heart; cTnl appears to be uniformly distributed
throughout the atria and ventricles. This absolute specificity of cTnl for cardiac tissue makes it an ideal biomarker of
myocardial injury. Our study showed that cardiac troponin | levels were drastically higher in hypothyroid rats
compared to control rats in both periods of experiment, Cardiac troponin | begin to rise 4-8 hours after myocardial
damage, peak at approximately 12 - 24 hours, and remain elevated for up to 10 days depending on the severity and
duration of the hypothyrodism. It should be remembered that cardiac troponins reflect myocardial damage but do not
indicate its mechanism. Thus, an elevated value in the absence of clinical evidence of ischemic heart disease should
prompt a search for situations in which various degrees of myocardial injury may be present [58].

Our study suggests that level of inflammatory markers was relatively higher in hypothyroid rats than control group
and they were positively correlated with TSH (thyroid dysfunction) level in hypothyroid group. Also there were
highly significant correlations between LDH and CRP with all parameters. These results were confirmed in our
study by histopathological assessment that showed inflammation and fibrosis.

Conclusion:-

From our data we conclude that:

1- There is interdependence between inflammation, hyperlipidemia and suppression of antioxidant capacity and
these factors can exert profound effect on the risk of atherosclerosis and cardiovascular disease in this
hypothyroidism model.

2- This Connection depends on the degree and the duration of thyroid hormone deficiency and the level of TSH.

3- LDH and CRP correlate more parallel with this hypothyroidism model in rats.

4-Over the past several decades, the use of cardiac biomarkers has greatly improved the diagnosis of heart diseases
even for longer periods of affections. As more markers have emerged, sensitivity and specificity has increased and
time to diagnosis and treatment has decreased. Currently, the best marker available in clinical practice is troponin
however; even troponin results should be interpreted within a clinical context and not used in isolation. Furthermore,
there is still room for improvement and current research seems to suggest there are more markers still to come which
will improve cardiac affections diagnostics, prognostics and prediction.
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