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Aim of the Work 
        Ionizing radiation is known to bring a wide variety of biological side 

effects including blood disorders, leucopenia, coronary heart disease & 

myocardial fibrosis, etc.  The radiation induced cardiovascular pathology 

represents a major cause of myocardial infarction, morbidity and mortality 

in patient undergoing thoracic radiotherapy. In view of radiosensetivity of 

heart, it has been a target of special care in radiation exposure syndrome.  

        Intensive investigation are currently undertaken to develop agents that 

can protect tissues from adverse effects of ionizing radiation. However, the 

high toxicity of these compounds at maximal effective dose limits their 

usefulness in the clinical field. For this purpose, the use of antioxidants 

supplementation with minimum adverse effects has received a great 

attention.  

        There is now good evidence that ß-blockers reduce the incidence of 

myocardial infarction and mortality. In this respect, ß-adrenergic blockers 

have been considered for use as standard therapy in patients with acute 

myocardial infarction. 

        In the light of the previous concepts, the present study has been 

designed to evaluate the biochemical alterations produced in experimental 

myocardial infarction in irradiated rats. 

        This study will be also extended to evaluate the protective efficiency of 

ß-adrenergic blocking agent (carvedilol) and antioxidant (Taurine) against 

the model of experiment.  

        Histological examination will be carried out to elucidate or outstrip the 

biochemical parameters. 
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Introduction 

Ionizing Radiations 

        Radiation is a form of energy that has two basic types, ionizing and 

non-ionizing radiation. The basic difference between them is the amount of 

energy they possess. Ionizing radiation has higher energy and has an ability 

to break chemical bonds, causing ionization of atoms and production of  

free radicals that can result in biological damage. Non-ionizing radiation 

does not have enough energy to cause ionization but disperses the energy 

through heat.  

        Ionizing radiation characterized by being particlulate and 

electromagnetic (photons). Particlulate radiations include electrons, cathode 

rays, protons, neutrons, deutrons, beta and alpha particles. Photons are 

chargeless bundles of energy that travel in a vacuum at the velocity of light, 

which is 300 000 km/sec. X-ray and γ-rays are electromagnetic radiations. 

They cause the ejection of electrons from the atoms through which they 

pass through, resulting in ionization and are accordingly referred to as 

ionizing radiation (Upton et al., 1994). 

Radiation Types: 

A- Alpha particles: 

Alpha particles are energetic heavy charged particles with a very 

limited capability of penetration; they are nuclei of helium (4
2He) atoms which 

have a charge of +2.  Alpha particles deposit all their energy over a very short 

distance, and they do not exert external hazards except if taken into the body 

via inhalation, or ingestion. Because of the short traveling of alpha particles, a 

sheet of paper less than (1.0) cm of air or human skin is adequate to stop 

alpha radiation (Freidlander et al., 1981). 
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B-Beta Particles: - 

        Beta particles are identical to electrons except that they have a nuclear 

rather than electronic origin. Beta particles are produced primarily by decay 

of the highly radioactive fission fragments and neutrons activated 

substances. They cause ionization through direct collisions with the bound 

orbital electrons of materials. Generally, less than 1.0 inch of any material, 

including air, is adequate to stop beta particles (Freidlander, et al., 1981).  

C-Neutron:  

        The neutron is an indirectly ionizing particle. It is indirectly ionizing 

because it does not carry an electrical charge (uncharged particles). 

(Freidlander et el., 1981). 

D- X and γ- rays: 

 

        X and γ-rays are high-energy photons of electromagnetic radiation that 

have no mass or charge and thus are highly penetrating. Their power of 

penetration depends on their energy; as a result, they cause a significant 

external hazard even at a great distance. They are indirectly ionizing 

because they are electrically neutral (as all electromagnetic radiations) and 

do not interact with atomic electrons. The electromagnetic radiation emitted 

by X-ray tubes had a longer wavelength than the radiation emitted by 
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radioactive nuclei (γ-rays).  Protection against X-and γ-rays can be achieved 

by distance, shielding or a combination of both (Freidlander et al., 1981). 

:Interaction of radiation with matter 

        Radiation interacts with matter by excitation and ionization 

processes.   

 :Excitation Process-A 

        Excitation process is a phenomenon, in which an atom or molecule 

is raised to a higher energy state by the action of the radiation, but is not 

given enough energy to permit the escape of an electron (Roesch & Attix, 1968). 

:Ionization Process-B 

       The process of ionization occurs when enough energy is transferred 

to a material ejecting electrons from the atoms or molecules leaving free radicals. 

Charged particles, such as electrons or protons, have sufficient kienetic energy that 

can directly break chemical bonds (Roesch & Attix, 1968).  

        Ionizing radiation interacts with matter in one of three ways: 

Photoelectric effect: 

 
        The photoelectric effect is a phenomenon in which electrons are 

emitted from matter after the absorption of energy from electromagnetic 

radiation. The electron is ejected from the atom by this energy and begins to 

pass through the surrounding matter (Yarmonenko, 1988).   
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 :Compton Scatter effects

 
        A Compton is an interaction involving the electron of an atom in 

which only a portion of the energy is absorbed and a photon is produced 

with reduced energy. This photon leaves the site of the interaction in a 

direction different from that of the original photon, Because of the change 

in photon direction, this type of interaction is classified as a scattering 

process. The most significant object producing scattered radiation in x-ray 

procedure is the patient's body. The portion of the patient's body that is 

within the primary x-ray beam becomes the actual source of scattered 

radiation (Yarmonenko, 1988).  

:Pair Production effect 

 
 

        When photon interacts with the nucleus it produces a pair of 

particles, an electron and a positively charged positron. These two particles 
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have the same mass. The electron and the positron interact and ionize other 

atoms (Yarmonenko, 1988). 

Units of Ionizing Radiation: - 

A-Units of radioactivity: -The 

Becquerel:  

A Becquerel (Bq) is a unit of activity where 1.0 Bq is equal to 1.0 

disintegration/ sec, thus 1.0 Ci = 3.7x1010 Bq 

B- Units of Radiation Exposure Dose: - 

The Roentgen:  

The Roentgen (R) is a unit of exposure dose in air that applies only to 

X-ray and γ-rays. The Roentgen is a measure of charge liberation or ionization 

in air. 

1.0 R is equal to esu (electrostatic unit) of charge build up/cm3 of air 

exposed to X or γ-ray at standard temperature and pressure conditions (ICRU, 

1954). 

C-Units of Radiation Absorbed Dose: 

The Rad and the Gray:  

The Rad and the Gray (Gy) are units of radiation absorbed dose for 

any radiation type and in any material. 

        One Rad corresponds to the deposition of 100 erg of energy by 

ionizing radiation in a material /gram of that material. One Gray is equal to 

Joule of energy deposited in 1.0 kg of material by ionizing radiation 

(Bannermam et al., 1978) 

1 Rad = 100 erg /g = 0.01 Gy  

1 Gy=l J/kg =100 Rad 

D-Units of Biological Dose Equivalent: 

The Rem and the Sievert (SV): 

The Rem and the Sievert are units of biological dose equivalent in 
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man, relative to X-ray and γ- ray. 

1.0 SV=100 rem. 

1.0 rem = 0.01 SV.   (Joseph & Sholtis, 1987). 

Direct and Indirect Ionizing Radiation:- 

Ionizing radiation may directly damage a target bio molecule by 

inducing excitation, ionization, or free radicals formation (Tubis & wolf, 

1976). Ionizing radiation may also indirectly damage a target bio molecule 

i.e., they do not themselves disrupt chemical bonds, but produce charged 

particles with high kinetic energy. The indirect effect is very important 

because the radiolytic products of water are highly reactive and damaging to 

bio molecules.  

Radiolysis of water: 

The indirect effect has to be mediated via water molecules. The 

most abundant molecule in living systems is water. It accounts for about 

55% of the mass in humans. Ionizing radiation interacts with water molecules 

to form an ionized pair consisting of a free electron (e-) and an ionized water 

molecule (H2o+) in a process termed radiolysis.    

The free electron rapidly interacts with water to form the hydrated 

electron (H2O-), which decomposes to OH- and H.   

The second ion from the ion pair, H2O+, decomposes to H+ (hydrogen 

ion) and OH˙ (hydroxyl radical) (Tubis & Wolf, 1976).  

This can be summarized as follows: 

  H2O → H2O+ +e¯ 

e  ̄+ H2O → (H2O¯) →  OH¯+ H˙ 

H2O+    →  H  ̇+ OH  ̇ 

The end products of the radiolysis of water without oxygen are:     H˙, OH˙,  H+, OH¯ 
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        Free radicals ( H˙ and OH˙) are highly reactive with considerable 

energy that can produce biological damage. If oxygen is present in the 

irradiated tissues, then an increased amount of damage might be expected to 

be produced through the production of hydroperoxy radical (HO˙2), the 

hydroperoxy ion (HO¯
2) and hydrogen peroxide (H2O2) (Hollahan, 1987).   

Biological Effects of Reactive Oxygen species: 

        It is best not to think of oxygen radicals as "bad". They are generated 

in a number of reactions essential to life. In addition they increased rate of 

DNA replication and cell proliferation i.e they function as mutagens.  

Despite their beneficial activities, reactive oxygen species can be toxic to 

cells (Bergamini et al., 2004). Radicals possess an unpaired electron, which 

makes them highly reactive and able to damage macromolecules, including 

lipids, proteins and nucleic acids. One of the best known toxic effects of 

oxygen radicals is damage to cellular membranes which is initiated by lipid 

peroxidation. A common target for peroxidation is unsaturated fatty acids 

present in membrane phospholipids (Girotti, 1998) 

Biological Effects of Ionizing Radiation: 

        Injury to living tissue results from the transfer of energy to atoms 

and molecules in the cellular structure. Ionizing radiation causes atoms and 

molecules to become ionized or excited that can produce free radicals, 

break chemical bonds, produce new chemical bonds and cross-linkage 

between macromolecules. As well as, it can damage molecules that regulate 

vital cell processes (e.g. DNA, RNA, proteins). The cell can repair certain 

levels of cell damage that produced at low doses (sublethal dose), such as 

that received every day from background radiation (Feinendegen et al., 

1995). 
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 However, at extremely high doses (lethal dose), cells cannot be 

replaced quickly enough and tissues fail to function.  

        The most sensitive cells are those that are undifferentiated, well   

nourished, divide quickly and are highly metabolically active. Among the 

body cells, the most sensitive are blood-forming organs, reproductive 

organs, spermatogonia and gastrointestinal stem cells. In addition, the 

quickly dividing tumor cells which are more sensitive to ionizing radiation 

than the majority of body cells. The developing embryo is most sensitive to 

radiation during the early stages of differentiation, and an embryo/fetus is 

more sensitive to radiation exposure in the first trimester than in later 

trimesters.  However, the least sensitive tissues are nerve cells and muscle 

fibers (Upton et al., 1994). 

 

Effect of Ionizing Radiation on Cardiovascular System: 

The pathological effects of direct irradiation on the heart affect 

primarily the fine vessels, secondary affect the connective tissue and so 

indirectly affect the heart muscle. Doses in the range of 50 Gy in 41-47 

days have produced rupture of aorta (Rubin & Casarette, 1968). 

Moreover, Stewart & Fajardo (1971) reported an incidence of carditis in 

patients received incidental irradiation to more than 50% of heart.   The 

incidence of carditis increases with the rising of the dose. Hemorrhage is 

the main manifestation of damage to the major vessels after radiation 

therapy.  

        The irradiation damage of the blood vessels leads to the formation of 

thrombus and or occlusion of the vessel leading to myocardial infarction. 

The radiation induced cardiovascular pathology represents a major cause of 

morbidity and mortality in patients undergoing radio therapeutic breast 
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cancer (Rutqvist et al., 1998) chest cancer (Mantini et al., 2005). 

Moreover, Prosnitz et al., (2005) reported cardio toxic effect of thoracic 

radiotherapy in lung and breast cancer.  

Radiation damage may affect the pericardium, myocardium leads to 

cardiac complains especially during radiotherapy of breast, when more than 

65%  of heart is irradiated, angina, myocardial infarction and arrhythmias 

are the most frequent causes of morbidity (Gaya & Ashford, 2005).  

Moreover, irradiation led to a decrease in cardiac function, loss of 

contractile function of the myocardium, pericarditis, ischemic heart disease 

and myocardial infarction (Gagliardi  et al., 2001).  

Ramadan and colleague (1997) reported that, a single shot dose at 2 

Gy of γ-irradiation produced a significant bradycardia. Franken et al., 

(2000) reported that, local heart irradiation in rat models at a dose of 20 Gy 

induced acute rises of cardiac enzyme levels in plasma and irreversible 

cardiac damage of the animals.  

 

Effect of gamma irradiation on lipid profile: 
Exposure of mice and rats to x–irradiation results in elevation of 

cholesterol level (Ahlers & Ahlerosva, 1990; Ramadan et al., 2001). On 

the other hand, Ramanathan & Misre (1975) found that whole body γ-

irradiation significantly increased liver fatty acids as well as triglycerides 

and decreased the level of cholesterol at 24 h after irradiation. Additionally, 

the author reported total liver lipid decreased and the total cholesterol 

remained lower 48 h after irradiation, as compared with control. Moreover, 

Taroplia et al., (1984) reported a decrease of cholesterol level after 

irradiation of rats at lethal dose of 13.3 Gy.     

Youseri et al. (1991) compared the effect of sub-lethal and lethal 
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total body γ- irradiation on some serum lipid fractions of male rats. They 

found that serum cholesterol level of 2 Gy irradiated rats didn’t show 

significant alteration in comparison with that of non-irradiated control 

group. However, in the dose level of 5 Gy a significant increase in 

cholesterol level occurred during the first three days post-irradiation. 

However, a significant decrease was marked on the 7th day post irradiation.  

 Whole body irradiation shows a significant increase of serum 

cholesterol, after irradiation whether this irradiation applied as single or 

fractionated dose (Heiba et al., 1998; Fuergard et al., 1998). In addition, 

rats exposed to γ- irradiation at the doses of 2 and 4 Gy showed a significant 

increase in the level of serum Cholesterol, triglyceride levels 5 days after 

irradiation (El-Missiry et al., 2006). The same result was recorded at 6 Gy 

24 h after irradiation (Mansour, 2006) and   at 5 Gy 2 weeks post 

irradiation (Ramadan, 2007).  Hanna and Ali (2002) reported a significant 

increase in male rat serum triglyceride, cholesterol and LDL accompanied 

by a decrease in HDL post exposure to 6 Gy of γ-irradiation and at 5 Gy 

(Ramadan, 2007). Nevertheless, Mansour (2006) reported an increase in 

serum HDL after 24 hrs post exposure to 6 Gy. 

It was also found that γ-irradiation produced a significant increase in 

serum LDL at the doses of 2 and 4 Gy 5 days post irradiation (El Missiry et 

al., 2006). Furthermore, Pote & his colleague (2006) stated that γ-

irradiation showed increase in the athrogenic index.  

 

Effect of gamma irradiation on serum cardiac Biomarkers: 
It is well accepted that irradiation of different animals induces 

increase in the activity of serum GOT. However, this increase depends on 

several factors including the radiation dose, number of exposure, the period 
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after which the analysis is carried out and the sensitivity of animal used or 

the organ exposed (El-Naggar et al., 1980; Shin etal., 1983; Roushdy et 

al., 1984; Fahim et al., 1993; Ramadan et al., 2001).  On the other hand, 

Roushdy et al., (1995) revealed that there is no significant change could be 

recorded in the activity of GOT due to γ- irradiation at a 6.5 Gy. In 

contrary, there were significant increase in the activity of serum GOT and 

LDH in rats irradiated with different doses of γ- ray, (Abu Ghadeer 2001; 

Ramadan et al., 2001; Sridharan & Shyamadadevi 2002;  Ramadan, 

2003; and Mansour 2006). 

Local exposure of rat hearts to 20 Gy as single dose or 4x5 Gy 

showed an increase in serum CK and CK-MB, elevation of serum CK-MB 

isoenzyme activity after heart irradiation was higher than CK activity 

(Przybszewski & Widel 1996). The same result was recorded in plasma 

after exposure of rats to γ-irradiation (Guėguen et al., 2008).  However, 

Liu et al., (2008), reported insignificant change in serum CK-MB 

accompanied with an increase in serum troponin in rat locally irradiated 

with 20 Gy γ-rays.   

 

Effect of gamma irradiation on electrolytes: 
Yukawa et al., (1980) and Smythe et al., (1982) studied the effect of 

γ-irradiation on the concentration of Ca2+ and Mg2+ in heart, liver and lung 

tissue. They reported a significant increase in their levels in all organs. In 

addition, significant increase in the concentration of plasma Ca2+ 1, 3 and 6 

days post exposure of rats to the dose levels of 4 and 10 Gy (Sarker et al., 

1982). In contrast, Kotb et al., (1990) revealed a reduction in Ca2+ and 

Mg2+ levels in spleen, heart and kidney 24 h after irradiation. Moreover, 

total body irradiation of rats at the dose of 5 Gy showed no significant 
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change in Mg2+ concentration in heart tissue however, there was a 

significant increase in serum calcium (Cengiz et al., 2003). On the other 

hand, Fahim (2005) reported a significant increase in Ca2+ content of heart 

tissue 1 and 6 days post exposure to 2 and 6 Gy of γ-rays. The author also 

reported a reduction in the level of Mg2+ at the same dose.  In addition, local 

exposure of γ- irradiation on bovine pericardium showed no significant 

change in Ca2+ level (Baucia, 2007).  

 

Effect of gamma irradiation on DNA: 
It has been recognized that the most critical target of ionizing 

radiation passing through living tissue is the DNA that is present in nucleus 

and mitochondria of most cells (Chiu, et al., 1992). Free radicals produced 

by ionizing radiation can damage DNA bases and altered the DNA repair 

system, most of the damage is attributed to hydroxyl radicals induced by 

ionizing radiation (Halliwell, 1999 and Ames, 2001). High dose of 

radiation impairs DNA biosynthesis with significant increase in metabolic 

mutations. (Azzam et al., 1996).  DNA double strand breaks are considered 

the most critical lesions after ionizing irradiation (El-Awady et al., 2001). 

Whole body γ-irradiation (3 Gy) showed a significant decrease in DNA 

content in the cerebellum of rats 1 day post exposure, followed by an 

increase in DNA content in a later period after irradiation (Kilmova & 

Misurova 2002).  Moreover γ-irradiation of rat liver DNA resulted in 

induction of strand breaks causing disappearance of super coiled form. 

Ghandi & Nair (2005) found that whole body exposure of mice to gamma 

radiation (4Gy) increased the formation of lipid peroxides in various tissues, 

which in turn leads to DNA fragmentation. 
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Free Radicals and Human Diseases 

        Free radical reactions are expected to produce progressive adverse 

changes that accumulate with age throughout the body. Cancer and 

atherosclerosis, two major causes of death, are silent "free radical" diseases. 

Cancer initiation and promotion is associated with chromosomal defects and 

oncogene activation. It is possible that endogenous free radical reactions, 

like those initiated by ionizing radiation, may result in tumour formation. 

Leukaemia and malignant tumor of the breast, ovaries and rectum among 

persons over 55 years may be a reflection of greater lipid peroxidation 

(Bagchi & Puri, 1998). 

        Atherosclerosis may be due to free radical reactions that oxidize lipids 

from diet, in arterial wall and serum to yield peroxides.  These compounds 

induce endothelial cell injury and produce changes in the arterial walls 

(Harman, 1992). In addition many diseases such as cardiovascular, 

pulmonary disease, diabetes, Parkinsonism and Alzheimer associated with 

free radical formation. Free radicals affect the cardiovascular system by 

oxidation of lipoproteins resulting in foam cells. Modified lipoproteins also 

initiate an inflammatory response due to generation of activated species by 

inflammatory cell. 
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Myocardial Infarction 
 

 

 
 1; indicates an occlusion   2; indicates myocardial infarction 

 

        Cardiovascular disease is a major cause of death especially coronary heart 

disease such as myocardial infarction (heart attack), angina pectoris, Stroke 

arrhythmia and rheumatic heart disease. 

        A myocardial infarction is a condition when the blood supply to part of 

the heart is interrupted due to occlusion of a coronary artery. However, angina 

pectoris is due to ischemia (a lack of blood and hence oxygen supply) of the 

heart muscle, generally due to obstruction or spasm of the coronary arteries. 

(Podrid & Peter, 2001). 

        Myocardial infarction is caused by complete or sometimes partial 

occlusion of a major coronary artery or one of its branches. Part of the 

myocardium will then be deprived of oxygen and other nutrients, leading to 

death of that part of the heart muscle. Such a dead area of myocardium, with 

highly irregular shape is called infarction (Meijler et al., 1975).  The occlusion 

is commonly due to arterioscleroses damage of arterial wall. This process may 

be itself cause completes occlusion of the lumen of the artery.  The occlusion 
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may also result from the formation of thrombus on the already damaged 

vascular wall. In rare case emboli, tachycardia, shock or severe anemia due to 

loss of blood may also leads to necrosis of the myocardium (Meijler et 

al.1975). 

        Infarctions are often classified as Q wave and non Q-wave infarction. 

This classification is generally related to whether there was ST segment 

elevation on the presenting ECG, Q waves are associated with larger 

infarctions, while the lack of Q waves is associated with smaller infarctions. 

The presence or absence of Q-waves also has clinical importance (Yang et al., 

2004).   

        Myocardial infarction symptoms are usually gradual, over several 

minutes. Chest pain is the most common symptom of acute myocardial 

infarction and is often described as a sensation of tightness, pressure, or 

squeezing. Pain radiates most often to the left arm, but may also radiate to the 

lower jaw, neck, right arm, back, and epigastrium, where it may mimic 

heartburn. Shortness of breath (dyspnea) occurs when the damage to the heart 

limits the output of the left ventricle, causing left ventricular failure and 

consequent pulmonary edema. Other symptoms include diaphoresis (an 

excessive form of sweating), weakness, light-headiness, nausea, vomiting, and 

palpitations. These symptoms are likely induced by catecholamines from the 

sympathetic nervous system which occurs in response to pain and the 

hemodynamic abnormalities that result from cardiac dysfunction. Loss of 

consciousness  and even sudden death (frequently due to the development of 

ventricular fibrillation) can occur in myocardial infarctions (Little et al., 

1986). 

        The diagnosis of myocardial infarction is made by integrating the history 

of the presenting illness and physical examination with electrocardiogram 

findings and cardiac markers. 
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The most valuable markers of myocardial damage are:  

Troponin : 

        Heart has a special kind of muscle called myocardium, which exhibited 

cross striation formed by alternating segment of actin (thin) filament and 

myocin (thick) filament. Actin filament of striated (skeletal and cardiac) 

muscle enclose troponin complex. Which is a complex of three proteins that 

regulate the interaction of myocin with actin in the contractile process: 

troponin T, binds to tropomyosin, interlocking them to form a troponin-

tropomyosin complex; troponin C, binds calcium in the initiation of 

contraction; troponin I, binds to actin in thin myofilaments to hold the 

troponin-tropomyosin complex in place i.e acts as inhibitor that blocks 

contraction in absent of calcium. The cardiac isoforms of troponin T and I are 

only expressed in cardiac muscle. Hence, these cardiac troponins are specific 

markers for myocardial injury (Korff, 2006).  

 
          Troponin is found in both skeletal muscle and cardiac muscle, but the 

specific versions of troponin differ between types of muscle. The main 

difference is that the troponin-C subunit of troponin in skeletal muscle has four 

calcium ion binding sites, whereas in cardiac muscle there are only three. 
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Certain subtypes of troponin (cardiac troponin I and T) are very sensitive and 

specific indicators of damage to the heart muscle (myocardium). They are 

measured in the blood to differentiate between unstable angina and myocardial 

infarction (heart attack) in patients with chest pain or acute coronary 

syndrome. A patient who had suffered from a myocardial infarction would 

have an area of damaged heart muscle and so would have elevated cardiac 

troponin levels in the blood (Ammann et al., 2004). It is important to note that 

cardiac troponins are a marker of all heart muscle damage, not just infarction 

(Lim et al., 2006 and Tsai et al., 2008).   

         Troponins are specific and sensitive markers of myocardial cell injury 

(Alpert et al., 2000) Because of the high sensitivity of cardiac troponins, even 

small myocardial infarcts can be detected. Troponins appear in blood 2–4 

hours after injury, and persist for up to 10–21 days. An elevation of cardiac 

troponin indicates the presence of myocardial injury. Cardiac troponins can be 

detected even with only small amounts of myocardial necrosis (Rajappa et al., 

2005).  

Creatine Kinase  (CK) isoenzyme:  

        Creatine kinase (CK) is an enzyme that’s released when there’s damage to 

muscle. Different muscles express different patterns of CK isoenzymes. 

Skeletal muscle expresses 98% of the CK-MM isoenzyme and only 1% of the 

CK-MB type. By contrast, the myocardium expresses much higher levels of 

CK-MB and small amount of the CK-MM isoenzyme. CK-BB predominantly 

found in brain tissue. CK-MB levels rise and fall rapidly after acute MI. The 

fast clearance makes repeated measurements of CK-MB the preferred marker 

for detecting reinfarction. CK-MB is useful in early detection of myocardial 

infarction because they’re released into the circulation as early as 1 hour after 

infarction (Bertrand et al., 2002).  
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Lactate dehydrogenase (LDH): 

        LDH is not as specific as troponin. It catalyzes the conversion of pyruvate 

to lactate.  LDH-1 isozyme is normally found in the heart muscle and LDH-2 is 

found predominately in blood. A high LDH-1 suggests MI.  LDH levels are 

also high in tissue breakdown or hemolysis. It can mean cancer, meningitis, 

encephalitis, or HIV (Nissen et al., 1965). 

Isoproterenol 

 

        [(3 -4 dihydroxyphenyl) - α- isopropylaminoethanol hydrochloride] It 

is synthetic catecholamine that stimulates ß1 and ß2 adrenergic receptors; it 

is primary use for bradycardia or heart block by activating β1 receptor on 

heart. It can also be used as inhaled aerosol to treat asthma by relaxing the 

air ways to increase airflow as it activate ß2 adrenergic receptor, although 

this is currently a rare treatment due to its activation of all beta adrenergic 

receptor (Howard, 2008). In addition, Isoproterenol was applied in 

mesotherapy as it  activate β receptor in adipose tissue, that resulted in 

breaking down the fat stored inside them causing decrease in thigh size 

(Mary et al., 2008).  

        Farvin & his cooleague (2004) reported that Isoproterenol shows 

many metabolic and morphologic aberrations in the heart tissue of 

experimental animals similar to those observed in human myocardial 

infarction.  Isoproterenol produces myocardial necrosis in animals by direct 
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action on the cardiac beta receptors which results in tachycardia. The 

adrenergic stimulation causes an augmented Trans membrane calcium 

reflux, causing an increase in the rate and force of contraction as well as the 

oxygen and energy requirements. In addition it was found that tachycardia-

induced decrease in the duration of diastole (the cardiac perfusion period) 

leading to hypoxia (Balazs & Ferrans, 1978).      

        Rat s.c injected with isoproterenol showed significant increase in heart 

weight accompanied by decrease in body weight [Gayathri et al., 2002 and 

Nirmala & Puvanakrishnan 2004 ].  

 

Effect of isoproterenol on free radicals: 
        Rats injected s.c with isoproterenol (85mg/Kg) for 5 consecutive days 

showed a significant increase in lipid peroxidase and xanthine oxidase that 

produced superoxide ion (O2-) and uric acids. O2- and hydrogen peroxide 

(H2O2) are the main sources of hydroxyl ion (OH-), which play an important 

role in cardiac necrosis (Chander et al., 2003). 

        In addition, Jin et al., (2007) reported that large dose of isoproterenol 

increased serum lipid peroxides that generate oxygen free radicals in dogs, 

suppresses the activity of anti-oxidative enzyme, and consequently augment 

oxidative stress. Isoproterenol-induced myocardial oxidative stress 

evidenced by a significant fall in endogenous antioxidant enzymes (SOD, 

CAT and GSHPx) and GSH content along with a concomitant rise in MDA 

levels (Nandave et al., 2007).   

 

Effect of isoproterenol on lipid profile: 
        Isoproterenol was reported to induce marked increase in the levels of 

rat serum triglycerides, total cholesterol, free fatty acids, very low and low 



 21

density lipoproteins accompanied by decrease in the high density 

lipoproteins (Rajadurai & Prince 2005; and Raju et al., 2008), as well as 

in cardiac tissue and plasma (Yogeeta, 2006 and Sivakumar et al., 2007). 

In addition, Halade & juvekar, (2006) reported an increase in the 

athrogenic index.  
 

Effect of isoproterenol on cardiac biomarkers: 
        Rats treated with isoproterenol showed a significant increase in the 

serum activity of LDH, GOT and CPK (Karthikeyan, et al., 2007; 

Rajadurai & prince, 2007 and Raju et al., 2008). The same result was 

recorded in plasma (Farvin et al., 2004) and in heart tissue (Sivakumar et 

al., 2007).  Moreover, rats injected s.c with isoproterenol for two 

consecutive days resulted in a significant increase in serum troponinT, 

troponin I, CK and CK-MB (York et al., 2007 and Rajadurai & prince, 

2007). Likewise, Liu, et al., (2008); Raju et al., (2008) and Asdaq et al., 

(2008) recorded an elevation in serum CK-MB and LDH after s.c injection 

with isoproterenol. Conversely, Nandave et al., (2007) reported a decrease 

in serum LDH and CK-MB.  

 

Effect of isoproterenol on electrolyte:  
        Saetersdal, et al., (1981), determined Ca2+ and Mg2+concentration 

using atomic absorption in isolated mice cardiac mitochondrial, he reported 

that Ca2+ and Mg2+levels were unaffected by single dose of isoproterenol 24 

hour after injection. A slight increase in Ca2+ was found in the 48 hours and 

72 hours after injection. Nevertheless, there was a significant increase in 

Ca2+ and Mg2+ levels when isoproterenol was injected every 12 hours for 48 

hours. Besides, Zama & Towns (1986) reported that there was a depletion 



 22

of myocardial Mg2+ on the first day after injection of mice with 

isoproterenol, followed by an uptake of Mg2+ on 2nd day.  Moreover, 

Namikawa et al., (1991) demonstrated an increase in Ca2+ content in rat 

myocardium 30 minute after injection with isoproterenol reached its 

maximum level from 6-12 hours which recovered to normal control level 

between 12 hours to 3 days. Other investigators reported, a large increase in 

Mg2+ efflux of rat heart muscle after injection with isoproterenol  (Howarth 

et al., 1994).  

 

Effect of isoproterenol on DNA: 
        Isoproterenol injection resulted in an increase in c-AMP, but failed to 

produce DNA fragmentation in thymocytes (Suzuki et al., 1991). In 

contrary, Geng et al., (1999), reported, that agorse gel electrophoresis 

showed DNA fragmentation after exposing neonatal myocytes to 

isoproternol.  A single injection of isoproterenol caused a marked 

stimulation of DNA synthesis and cell proliferation in the mouse salivary 

gland 24 hrs post injection (Stein & Baserga, 1970). 

 

Adrenoreceptor blocking drugs 
       

  These drugs selectively block the β-adrenoreceptor effects of 

adrenaline and noradrenaline. They markedly decrease the contractile force 

of the heart; therefore, it slows the heart rate and decreases the oxygen 

requirement of myocardium per unit of time (Culver et al., 2006).             

        Beta-blocking agents such as: acebutolol, bisoprolol, metoprolol, 

propranolol, atenolol, labetalol, carvedilol, and nebivolol are used in the 

treatment of angina pectoris, hypertension, and myocardial infarction. 
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(Salpeter et al., 2002). However, beta blockers have an adverse reaction 

due to β-adrenoreceptor blockade such as bronchoconstriction especially in 

patients with asthma, cardiac failure, hypotension (Ko et al., 2004).  The 

antianginal effects result from negative chronotropic and inotropic effects, 

which decrease cardiac workload and oxygen demand. Negative 

chronotropic properties of beta blockers allow the lifesaving property of 

Heart rate control. The antiarrhythmic effects of beta blockers arise from 

sympathetic nervous system blockade, resulting in depression of sinus node 

function and atrioventricular node conduction, and prolonged atrial 

refractory periods 

         Some beta blockers (e.g. oxprenolol, pindolol, penbutolol and 

acebutolol) exhibit intrinsic sympathomimetic activity (ISA) that can shows 

both agonism and antagonism at a given beta receptor, depending on the 

concentration of the agent (beta blocker) and the concentration of the 

antagonized agent (usually an endogenous compound such as the 

catecholamines). These agents are capable of exerting low level agonist 

activity at the β-adrenergic receptor while simultaneously acting as a 

receptor site antagonist. They may be useful in individuals exhibiting 

excessive bradycardia with sustained beta blocker therapy. Agents with ISA 

are less effect in post-myocardial infarction as they have not been 

demonstrated to be beneficial. (Hialmarson & Olsson., 1991). 
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Carvedilol 

 

            

 (±)-1-(Carbazol-4-yloxy)-3-[[2-(o-methoxyphenoxy) ethyl] amino]-2-propanol        

         

        Carvedilol is a nonselective β-adrenergic blocking agent with α1-

blocking activity. Norepinephrine stimulates the nerves that control the 

muscles of the heart by binding to the β1- and β2-adrenergic receptors. 

Carvedilol blocks the binding to those receptors, which both slows the heart 

rhythm and reduces the force of the heart's pumping. This lowers blood 

pressure and reduces heart failure. Norepinephrine also binds to the α1-

adrenergic receptors on blood vessels, causing them to constrict and raise 

blood pressure. Carvedilol blocks this binding to the α1-adrenergic receptors 

too, which also lowers blood pressure. Relative to other beta blockers, 

carvedilol has minimal inverse agonist activity (Vanderhoff et al., 1998). 

This suggests that carvedilol has a reduced negative chronotropic and 

inotropic effect compared to other beta blockers, which may decrease its 

potential to worsen symptoms of heart failure.      

        Carvedilol is indicated in the management of congestive heart failure 

(CHF), as conventional treatments (angiotensin converting enzyme (ACE) 

inhibitors and diuretics). The use of carvedilol has been shown to provide 

additional morbidity and mortality benefits in CHF (Packer et al., 2002). 

The mechanism by which carvedilol produces a  beneficial  effect  in  

(CHF) is  not  known, but  may be  attributable to β-adrenergic                  
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blockade, suppression of renin production and vasodilatation. 

        Carvedilol is not just any beta-blocker: It blocks alpha-receptors, and 

also has some antioxidant effects (Yue, 1992). In addition, Nichols et al., 

(1991) reported that carvedilol at high dosages, exerts calcium channel 

blocking activity.  

      Carvedilol is rapidly absorbed following oral administration, reached 

plasma concentrations within one to two hours. The apparent mean terminal 

elimination half-life of carvedilol generally ranges from seven to 10 hours. 

The rate of absorption is delayed by taking carvedilol with food. Carvedilol 

is metabolized by the liver and undergoes extensive first-pass metabolism. 

(Chen & Chow  1997).  

         Seguchi et al., (1990) states that carvedilol was an effective 

antihypertensive agent that produced no adverse effects and possibly had 

beneficial effects on lipid metabolism. In hypertensive patients carvedilol 

has been shown to decrease triglyceride and HDL levels (Giugliano, 1997). 

In addition, carvedilol treatment can significantly inhibit lipid deposition in 

the aorta and reduce monocyte and foam cell accumulation (Feuerstein, 

1997).  

         Carvedilol inhibits the generation of oxygen free radicals and prevents 

low-density lipoprotein (LDL) oxidation and reduces the uptake of LDL 

into the coronary vasculature (Cleland, 1996).  

         Spallarossa et al., (2004) state that carvedilol is potentially protective 

against doxorubicin cardiotoxicity as it is not only prevents DNA 

fragmentation caused by reactive oxygen species, but it also inhibit the 

activation of caspase -3 activity produced by doxorubicin. 
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Antioxidants 

        Antioxidants are molecules capable of slowing or preventing the 

oxidation of other molecules and terminate the chain reactions by removing 

free radical intermediates, and inhibit other oxidation reactions by being 

oxidized themselves. As a result, antioxidants are often reducing agents  

(Matill, 1997).Natural antioxidant manufactured in the body has several 

cellular mechanisms that counterbalance the production of ROS, including 

enzymatic and nonenzymatic pathways (Hayes & McLellan, 1999). 

Although oxidation reactions are crucial for life, they can also be damaging; 

hence, plants and animals maintain complex systems of multiple types of 

antioxidants, such as glutathione, vitamin C, and vitamin E as well as 

enzymes such as catalase, superoxide dismutase and various peroxidases. 

Low levels of antioxidants, or inhibition of the antioxidant enzymes, causes 

oxidative stress and may damage or kill cells (Blokhina et al., 2003). 

        Antioxidants are classified into two broad divisions, depending on 

whether they are soluble in water (hydrophilic) as vitamin C and taurine or 

in lipids (hydrophobic) as vitamin E. In general, water-soluble antioxidants 

react with oxidants in the cell cytosol and the blood plasma, while lipid-

soluble antioxidants protect cell membranes from lipid peroxidation (Sies, 

1997). These compounds may be synthesized in the body or obtained from 

the diet (Vertuani, 2004). Different antioxidants are present at a wide range 

of concentrations in body fluids and tissues.    

        Some of them such as glutathione or ubiquinone  mostly present within 

cells, while others such as uric acid are more evenly distributed. These 

compounds can be important in pathogens (Miller & Britigan, 1997). The 

relative importance and interactions between these different antioxidants is 

a very complex question, with the various metabolites and enzyme systems 
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having synergistic and interdependent effects on one another  (Chaudière & 

Ferrari, 1999).  

        Antioxidant have a therapeutically defense mechanism on 

cardiovascular system they protect it against atheroclerosis, ischemia, 

myocardial infarction. Furthermore, they protect the body against cancer, 

neurological, inflammatory disease, hypertension and aids. Moreover, 

Rimm (1993) reported that people taking Vitamin E supplements had a 

lower risk of developing heart disease.  

 

Taurine 

 
 

        Taurine (2- aminoethanesulfonic acid) is an organic acid (contain 

sulfur and is considered as essential amino acid that is found in the tissue of 

most animal species. It is different from other amino acids in that it contains 

a sulfonic acid group in place of the carboxylic acid group. It is not 

incorporated into proteins, but it is found free in many tissues. Therefore, it 

is not an amino acid in the true sense (Kendler, 1989). Taurine is 

synthesized in human liver tissue from cysteine and methionine using 

pyrodoxal-5-phosphate, the active coenzyme form of vitamin B6. The 

highest concentration of taurine are found in the neutrophil, the retina and 

the largest pools of taurine are found in skeletal and cardiac muscles 

(Timbrell et al., 1995). Taurine crosses the blood brain barrier (Salimaki et 

al., 2003). In addition it involved in a number of physiological processes 
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such as bile acid conjugation forming bile salts conjugate that increases 

cholesterol solubility and its secretion (Mizushima et al., 1996). Other 

important physiological function of taurine including inhibitory 

neurotransmission (Olive 2002), membrane stabilization via regulation of 

osmotic pressure in the cell, inhibition of phosphorylation of membrane 

proteins and prevention of lipid peroxidation  (Birdsall, 1998).  Moreover, 

Tsuboyama et al., (2006) reported feed back inhibition of neutrophil 

macrophage respiratory bursts, adipose tissue regulation and possible 

prevention of obesity. In addition, taurine has protective effect against 

epileptic seizures (El Idrissi et al., 2003) and retinal development (Wright 

et al., 1986). I t acts also as an antioxidant and protects against toxicity of 

various substances such as lead and cadmium (Das et al., 2008 and Sinha 

et al., 2008). Additionally, supplementation with taurine has shown to 

prevent oxidative stress induced by exercise (Zhang et al., 2004). Low 

levels of taurine have been associated with retinal degeneration, growth 

retardation and cardiomyopathy.          

        Taurine has a beneficial effect on a number of markers of 

atherosclerosis in animal models, in which it improved cholesterol levels by 

decreasing LDL, total cholesterol or by increasing HDL levels in 

hyperlipidemic rabbits (Balkan et al., 2002), rats (Yokogoshi & Oda, 

2002; Choi, 2006) and mice (Matsushima et al., 2003). Furthermore, 

significant reduction in rat blood triglyceride, LDL levels by taurine 

supplementation was reported (You & Chang 1998 and Choi, 2006). 

Taurine treatment lowered serum LDL and VLDL by 44% and liver 

cholesterol by 19% in mice fed a high fat diet, whereas it elevated serum 

HDL cholesterol by 25%.  As a result, the athrogenic index was markedly 

improved (Murakami et al., 1999). Recently Yanagita et al., (2008) 

reported that taurine supplementation is beneficial for prevention of 
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atherosclerosis and coronary heart disease as it reduced the secretion of 

apolipoprotein B100 (component of LDL and VLDL).  

In 2005 Shiny and his colleague stated that taurine prevented the 

isoprenaline induce increase in the level of GOT, GPT, LDH and CK in the 

plasma of rats. Besides, taurine acts as a potent, but non-specific, scavenger 

of free radicals that cause heart damage and protects against reperfusion-

induced ventricular fibrillation (Hanna et al., 2004). Administration of 

taurine significantly attenuated acetaminophen-induced liver injury in rat 

model by preventing plasma GOT, GPT, ALK elevation, hepatic DNA 

fragmentation and hepatocyte necrosis (Waters et al., 2001).   

        Suleiman (1994) stated that taurine may play an important role in 

cardiovascular and atherosclerosis protection. It has a positive iontropic 

action on cardiac tissue at low calcium concentration and negative iontropic 

at high calcium concentration (Wang et al., 1996), and has shown in some 

studies to lower blood pressure (Bousquet et al., 1981).  

        The cardiac effects of taurine are probably due to its ability to protect 

the heart from the adverse effects of either excessive or inadequate Ca2+ 

levels (Satoh, 1994). Additionally, Chazov et al., (1974) demonstrated that 

taurine could reverse ECG abnormalities such as S-T segment changes, T-

waves inversion in animals with chemically induced arrhythmias.   

        Patients with congestive heart failure (CHF) often have swelling 

caused by excessive fluid buildup in the tissues, which puts additional 

pressure on the heart and accelerates CHF. Taurine has been shown to help 

in reducing fluid levels, reducing the workload on the heart (Satoh et al., 

2002). It also reduces arrhythmias induced by chemicals or ischemia 

(Birdsall, 1998). Chronic taurine depletion can result in severe 

cardiomyopathy (Takahashi et al., 2003). 
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Material and Methods 
A-Material 

I-Animals: 

        Adult male albino rats, weighing 180-210 g, were obtained from 

animal house National Centre for Radiation Research and Technology, 

[Atomic Energy Authority, Cairo]. The animals were kept under suitable 

laboratory conditions at 25 ± 2o C throughout the period of experimental 

investigation. The animals were allowed free access to pellets and water ad 

libitum. 

 Irradiation Process: 

        Whole body gamma irradiation has been carried out using Gamma-

Cell 40 at the National Center for Radiation Research and Technology 

(NCRRT), Egypt. Which is ceasium-137 irradiation unit manufactured by 

the Atomic Energy of Canada Limited (AECL). 

 Irradiation of Animals: 

        Rats were exposed to gamma radiation as an acute dose (5 Gy) or as 

fractionated doses (5 x 2Gy). The radiation dose levels were delivered at a 

rate of 0.75 Gy/min 

II-Drugs: 

         All drugs used in these studies were analytically pure, purchased from 

Sigma-Aldrich Co, ST.Louis. Mo, USA and Roche Co, USA. 

-Isoprotrenol: [(3 -4 dihydroxyphenyl) - α- isopropylaminoethanol 

hydrochloride] is a  hemisulfate salt purchased from sigma –Aldrich. It was 

used for the induction of myocardial infarction.  

-Carvedilol: (±)-1-(Carbazol-4-yloxy)-3-[[2-(o-methoxyphenoxy) ethyl] 

amino]-2-propanol purchased from Roche. 

-Taurine: (2- aminoethanesulfonic acid) Purchased from Sigma-Aldrich. 
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Kits and Chemicals: 

Kits Used: 

-Cholesterol Kit (Biodiagonistic) Egypt. 

-Triglyceride Kit (Biodiagonistic) Egypt. 

-HDL Kit (Biodiagonistic) Egypt. 

-GOT Kit (Biodiagonistic Egypt). 

-LDH Kit (Ultra Group) Egypt. 

-CK-MB Kit (Ultra Group) Egypt. 

-Troponin I (Immulite Kit). 

-DNA separation Kit purchased from Qiagen UK. 

Chemicals: 

-Agarose: Ultrapure; electrophoresis grade. GepcoBRL, Gaithersburg, MD, 

USA. 

-Bromophenol blue: Sigma-Aldrich, USA.  

-Eosin and Hematoxalyine dye: Sigma-Aldrich, USA. 

-Ethidum bromide. Tablets each containing (100mg) Sigma-Aldrich, USA. 

-Ethylene diamine tetraacetic acid disodium salt (EDTA); dehydrate, 99% 

Sigma-Aldrich, USA. 

-Gel loading solution DNase and RNase free; prepared using molecular 

biology reagent grade; bromophenol blue (0.05% w/v) as tracking dye , 

sucrose (40% w/v) to increase to the density. All were obtained from 

Sigma-Aldrich, USA.   

All chemicals used in this experimental work were of A.R. grade or equal 

quality.  
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B-Experimental Design:  

        In this study, an experimental model of acute myocardial infarction 

was induced in rats by s.c. injection of Isoprotrenol (ISO) 85mg/Kg  

dissolved in normal saline for two consecutive days according to the 

method described by Gauthaman et al., (2006). 

        The protective effect of β-adrenergic blocking agent and an antioxidant 

drug against this model of myocardial infarction were investigated in 

irradiated rats. The selected dose of carvedilol was 30 mg/Kg dissolved in 

distilled water according to Yoshimoto et al., (1998), whereas, the chosen 

dose of taurine was 1.1g/Kg  dissolved in distilled water according to 

Gűrer et al., (2001). Five groups of rats, each of 8 animals were used as 

follows:    

  1-Normal Control Group: 

       Animals of this group S.c injection with saline and served as normal 

control group.  

 2-Irradiated Group (Irr): 

        Animals were subjected to whole body gamma irradiation according to 

the following schedule: 

a- Acute Exposure: 

        Group of animals subjected to whole body γ- irradiation at the dose 

level of (5 Gy).   

 b- Fractionated Exposure: 

        Group of animals subjected to whole body γ-radiation at the dose level 

of 2 Gy every day for a period of five days to attain cumulative dose of 10 

Gy. 

3-Isoprotrenol injected Group (Iso): 

        Group of animals were injected subcutaneously (s.c) with ISO daily for 

of 2 days to induce myocardial infarction Gauthaman  et al. ,(2006). 
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4-Double Treatment Group with γ- irradiation and Iso injection (Irr+Iso): 

        a- Group of animals were exposed to whole body γ- irradiation at a 

dose level of 5 Gy, after 24 hours rats were injected s.c with 2 successive 

doses of ISO for 2 days for induction of myocardial infarction.  

        b- Group of normal animals were exposed to  fractionated whole body 

irradiation at a dose level of 5x2 Gy, 24 hours later rats were injected s.c 

with 2 successive doses of ISO daily  for 2 days .  

5-Protected Group: 

      a- Carvedilol Protected Groups: 

        I-Rats were orally treated with 3 successive doses of carvedilol (30 

mg/Kg) Yoshimoto et al., (1998) 1 hour before either exposure to single 

dose (5 Gy) of γ-radiation or induction of myocardial infraction. 

        II-Rats were orally treated with 7 successive doses of carvedilol (30 

mg/Kg) 1 hour before either exposure to fractionated dose (5x2Gy) of γ-

radiation or induction of myocardial infraction. 

 b-Taurine Pretreatment Group: 

        I-Rats were orally treated with 3 successive doses of taurine (1.1g/Kg) 

Gűrer et al., (2001) 1 hour before either exposure to single dose of γ- 

radiation (5 Gy) or induction of myocardial infraction. 

        II-Rats were orally treated with 7successive doses of taurine (1.1g/Kg) 

1 hour before either exposure to fractionated dose of γ-radiation (5x2 Gy) or 

induction of myocardial infraction. 
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B-Methods 
A-Blood Sampling:  

        All animals from the above mentioned groups were weighed and 

decapitated 24 hours after either irradiation or ISO injection. Blood sample 

from each animal was collected in heparinized and non heparinized tubes 

and treated as follows: 

1-Serum Preparation: 

        The non heparinized blood was allowed to coagulate, centrifuged at 

4000 rpm for 10 minutes using a centrifuge (Heraeus Christ) the separated 

serum was used for the measurement of lipid profile and cardiac 

biomarkers.  

2-Heparinized Blood: 

     Heparinized blood was used for estimation of free radical concentration 

using Electron Spin Spectroscopy (E.S.R) (Bruker EMX spectrometer, 

Germany). 

B-Tissue Sampling:   

        From the above decapitated group hearts were rapidly removed on cold 

saline, rinsed from excess blood, dried by filter paper and used for the 

following analysis: 

-Determination of heart weight for heart weight/body weight (HW/BW) 

ratio. 

-Determination of calcium and magnesium concentrations using atomic 

absorption spectroscopy (Unicam 939, England), NCRT 

-Estimation of DNA fragmentation via electrophoresis.  

-Histopathological examination for possible changes. 
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Ι- Assessment of Heart Weight/Body Weight (HW/BW) Ratio: 

        Rats were weighed, decapitated and the heart of each animal was 

rapidly removed on cold saline, rinsed from excess blood, dried by filter 

paper and weighed, the ratio was calculated as follows according to 

Ferreira et al., (2002). 

HW/BW = Heart Weight (g) /body weight (g) x100 

Biochemical parameters: 
П- Assessment of Lipid Profile Pattern: 

A-Determination of Serum Total Cholesterol:  

        Cholesterol concentration was evaluated by the method of Richmond 

(1973) and Allain et al., (1974). Using Cholesterol kit (Biodiagnostic). 

Principle: 

        The method depends on colorimetric determination of quinoneimine 

which is formed from hydrogen peroxide and 4-aminoantipyrine by the 

hydrolysis and oxidation of cholesterol in the presence of phenol and 

peroxidase according to the following equation: 

 

Cholesterol-ester + H2O                                   Cholesterol + fatty acid  

 

Cholesterol + O2                               Cholesterol-3-one + H2O2 

 

H202 + phenol + 4-aminoantipyrine                                    

                                                                              Quninoneimine    + 4H2O 

 

 

 

Cholesterol

  esterase

Cholesterol 

   oxidase 

  peroxidase
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Reagents:  

         Reagent contents and concentration are given as follows: 
1-Standard 

 

2-Buffer-Chromogen: 

-Buffer 

-Phenol 

 

200 mg/ dl 

(5.17mmol/l) 

 

 

100 mmol/L 

20 mmol/L 

3-Enzymes: 

-Cholesterol esterase 

-Cholesterol oxidase 

-Peroxidase 

-4-Aminoantipyrine 

 

>170 U/L 

>270 U/L 

>1000U/L 

0.6 mmol/L 

 

Procedure: 

1-Sets of test tubes were prepared for tests, blank and standard. 

      2- Equal volume of reagent 2 and 3 was mixed immediately before the  

          assay to form working reagent. 

      3- 0.01ml of standard was added to standard test tube. 

      4- 0.01ml of sample was added to sample test tube. 

      5- 1.0 ml of working reagent was added to all test tubes. 

      6- All test tubes were incubated for 10 minute at 37ºC, the resulting     

         color of test and sample tubes were measured against blank using  

         spectrophotometer at wave length  500 nm. 

Calculation:                                                                   A sample 

       Cholesterol concentration in sample (mg/dl) =                          x 200 
                                                                                     A Standard 
      A = absorbance.        
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B-Determination of Serum Triglyceride:  

          Triglyceride concentration was evaluated using triglyceride kit 

(Biodiagnostic). 

Principle: 

        The method depends on colorimetric detemination of quinoneimine 

which is formed from hydrogen peroxide and 4-aminoantipyrine by the 

oxidation of glycerol-3-phosphate Fassati &Prencipe (1982). 

                         Lipase 
Triglyceride                                       Glycerol+ fatty acid  
 
Glycerol +ATP                                       Glycerol-3-phosphate + ADP 
 
 
2H202 + 4-Chlorophenoll + 4-aminoantipyrine                               
                                                                       Quninoneimine + 4H2O+HCl                              
 

Reagents:  
1-Standard 200 mg/dl (2.29 mmol/L) 

2-Buffer-Chromogen: 

-Buffer PH 7.5 

-4-Chlorophenol 

 

 

100 mmol/L 

3 mmol/L 

3-Enzymes: 

-Lipase 

-Glycerokinase 

-Glycerol-3-phosphate oxidase 

-Peroxidase 

4-Aminoantipyrine 

ATP 

 

 

>1000 U/L 

>400 U/L 

>2000 U/L 

>200 U/L 

0.5 mmol/L 

0.5 mmol/L 

 

 

 

Glycerokinase

 

   peroxidase 
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Procedure: 

   1-Sets of test tubes were prepared for tests, blank and standard. 

      2- Equal volume of reagent 2 and 3 was mixed immediately before the  

          assay to form working reagent. 

      3- 0.02ml of standard was added to standard test tube. 

     4- 0.02 ml of sample was added to sample test tube. 

     5- 1.0 ml of working reagent were added to all test tubes 

     6- All test tubes were incubated for 10 minute at 37ºC, the resulting color  

         of test and sample tubes was measured against blank using  

         spectrophotometer at wave length 500 nm. 

Calculation: 

                                                                                   A sample 
       Triglyceride concentration in sample (mg/dl) =                           x 200 
                                                                                    A Standard 
      A = absorbance.        

C-Determination of Serum HDL-Cholesterol:            

Principle:   

          The method depends on the precipitation of all lipoproteins presents 

in serum by Phosphotungestic acid except HDL-Cholesterol fraction was 

kept in the supernatant.  HDL-Cholesterol in the supernatant was 

determined by the method of Burstein et al., (1970) Using Cholesterol kit 

(Biodiagnostic). 
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Reagents:  

         Reagent contents and concentration are given as follows: 
1-Precpitating reagent 

-Phosphtungestic acid 

-Magnesium chloride 
200 mg/dl (2.29mmol/L)    

1 mol/L                                  

2-Standared cholesterol 50 mg/dl 

Additional Reagent: 

-Cholesterol Kit 

 

 

 

Procedure: 

1-Sets of clean dry test tubes were prepared for tests. 

2- 0.2ml of sample was added to all tubes.  

3- 0.02 ml of precipitating agent was added to sample centrifuge tubes. 

Then the tubes were mixed well using vortex mixer (Vortex-Geneie K-500-

GE), left for 10 minutes and centrifuged for 10 minutes at 3000 rpm. The 

supernatant was used for measuring HDL-Cholesterol. 

4- 0.05 ml of supernatant was added to clean test tubes. 

5- 0.05 ml of distilled water was added to clean blank test tube. 

6- 0.05 ml of standard was added to clean standard test tube. 

7- 1.00 ml of the premixed working reagent from total cholesterol kit was 

added to all test tubes. 

8- All test tubes were mixed, incubated at 37ºc for 10 minutes, the 

absorbance of the sample and the standard was measured against the blank 

at 500 nm using spectrophotometer. 

 

Calculation:                                                                                              
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   HDL-Cholesterol concentration in sample (mg/dl) =  
                                                                    A Sample /A standard x 55 
                                                                                              
       A = absorbance.  

    D –Estimation of Serum LDL-Cholesterol:  

        LDL-Cholesterol was calculated according to the Friedwalds formula: 

       LDL-C =Total Cholesterol –(Triglyceride/5 + HDL-C) 

  E–Estimation of Serum VLDL:   

        VLDL was estimated according to the method of Friedwarld formula: 

                                  VLDL=Triglyceride / 5 
                           
    F-Estimation of Serum Risk Factor And Athrogenic Index: 

        Risk factor was calculated according to the following formula: 

                                  
                                    Total Cholesterol 
         Risk Factor =                                                               
                                    HDL-Cholesterol 
 
        Where as athrogenic index was calculated from the following formula 

according   to Odamaki et al., (1999): 
                                       

                                                  Cholesterol – HDL-C 
        Athrogenic Index = 
                                                           HDL- C 
 
ПΙ - Cardiac Enzymes Assay: 
A-Determination of Serum Glutamic-oxaloacetic Transaminase (GOT) 

Activity: 

  Principle: 

       Colorimetric determination of GOT activity using GOT kit 
(Biodiagnostic) according to the following reactions: 
                                                     GOT 
Aspartate + α- Ketoglutarate                          Oxaloacetate + Glutamate 
 
The ketoacid formed is measured in its derivative from 2,4- 
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dinitrophenylhydrazone which has a yellowish brown color in alkaline 

medium (Reitman & Frankel, 1957).  

 -Reagent:   
1-Got Buffer Substrate: 

-Phosphate buffer pH 7.5 

-Aspartate 

-Α-Ketoglutarate 

 

100 mmol/l 

100 mmol/l 

 2 mmol/l 

2-Color Reagent: 

-2,4dinitrophenylhydrazine 

 

1 mmol/l 

4- Sodium Hydroxide 
0.4 N 

Procedure: 

1-Sets of clean sterile test tubes were prepared for tests. 

2- 0.5 ml of GOT buffer substrate was added to all test tubes and incubated 

for 5 minutes at 37ºC.  

3- 0.1 ml of serum was added to sample test tubes. Then the tubes were 

mixed well using vortex mixer, incubated for 60 at minutes 37ºC.  

4-0.5 ml of coloring reagent was added to all test tubes mixed and left for 

20 minute at room temperature. 

5-0.5 ml of NaOH O.4 N was added mixed and left for 5 minutes, the 

absorbance of the sample was measured against the distilled water using 

cuvettes 1 cm light path at 546 nm using spectrophotometer. 

 Calculation: 

  Activities of GOT (U/L) in the sample was obtained from the following 

table: 
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B-Determination of Serum Lactate Dehydrogenase Activity (LDH): 

 Principle:         

 The LDH catalyse the reaction between pyruvate and NADH+H+ with the 

formation of lactate and NAD.  

Pyruvate + NADH+ H+       LDH              L-Lactate + NAD+   

The decrease in absorbance due to the oxidation of NADH to NAD was 

measured at 340 nm, is proportional to the activity of LDH in the sample 

(IFCC, 1980).  

Reagents: 
Reagent 1 

-Tris buffer, PH 7.2 

-Sodium Chloride 

-Puruvate 

 

80 mmol/L 

200 mmol/L 

1.6 mmol/L 

Reagent 2 

-NADH 

 

240 µmol/L 

Procedure: 

1- Sets of clean test tubes were prepared for tests. 

2- Equal amount of reagent 2 was dissolved in reagent 1to prepare working 

reagent. 

3- 1.0 ml of working reagent was added to all test tubes 

O.D 505 nm U/L O.D 505 nm U/L 

0.35 3 0.75 57 

0.40 9 0.80 69 

0.45 16 0.85 78 

0.50 23 0.9 94 

0.55 31 0.95 113 

0.63 40 1.00 125 

0.7 48 _ _ 
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4- 20 µl of first sample was added to first test tube, mixed and incubated foe 

after 1 minute. 

5- The change in optical density (∆ OD/min) at 340 nm was measured at 

one minute intervals for the next 3 minutes using spectrophotometer.  

6-Steps 4 & 5 were repeated for each test sample.  

Calculation: 

LDH activity (U/L) = ∆ OD/min x 8095  

The linearity exceeded O.15 at 340 nm and the tests were repeated using 

diluted serum 1:10 with sodium chloride solution. The results were multiply 

by 10.  

C-Determination of Serum Isoenzyme Creatine Kinase –MB(CK-MB): 

         Principle: 

The procedure involves measurement of CK activity in the presence of an 

antibody to CK-M monomer, which inhibits the activity of CK-MM and 

half the activity of CK-MB while not affecting the B Subunit activity of 

CK-MB and CK-BB. The CK-MB activity was obtained by multiplying the 

CK-B activity by two (Wu et al., 1985). 

The method will also measure any CK-BB isoenzyme present in serum. The 

activity of this isoenzyme is usually negligible. 
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Reagent: 
Reagent 1 (R1):  

Anti human polyclonal CK-M antibody sufficient to inhibit up to 2000 U/L of 

CK-MM at 37ºc 

Reagent 2 (R2): 

-Tris buffer, pH 7 

-magnesium acetate 

-N-Acetyl-L-Cysteine 

-ADP 

-AMP 

-NADP 

-D-Glucose 

-Diadenosine pentaphosphate 

-EDTA 

-Hexokinase 

-G6PDH 

-Creatine Phosphate 

 

30         mmol/L 

10         mmol/L 

20         mmol/L 

2           mmol/L 

5           mmol/L 

2           mmol/L 

20         mmol/L 

10         mmol/L 

2           mmol/L 

3500      U/L 

2000      U/L 

30          mmol/L 

Procedure: 

1- Sets of clean dry test tubes were prepared for tests.  

2- Equal amount of reagent 2 was dissolved in reagent 1 to prepare working 

reagent. 

3- 200 µl of working reagent was added to all test tubes. 

4-10 µl of first sample was added to first test tube, mixed incubated for 5 

minute. 

5- The change in optical density (∆ OD/min) at 340 nm was measured at 

one minute intervals for the next 3 minutes.  

6-Steps 4 & 5 were repeated for each test sample separately.  

Calculation: 

CK-MB (U/L) = CK-B (U/L) X 2 

CK-B (U/L) = ∆ A /min x 3376. 
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D-Determination of Troponin I:- 

Principle: 

Immulite / Immulite 1000 Turbo Chemiluminescent immunometric assay 

Reagent: 

-Troponin I sample diluents: for manual dilution of samples. One vial 

containing a troponin I –free non human matrix.  

- Chemiluminescent substrate 

- Probe washes Module 

- Barcode 

- Sample cups 

Procedure:        

Procedure of immulite 1000 operator was followed. 

IV-Determination of Total  Blood Free Radicals: 

        Total blood free radicals concentration was evaluated by Electron Spin 

Resonance according to (Heckly,  1976). 

Preparation of Lyophilized Blood Sample for ESR: 

 Blood samples were prepared using lyophilization technique that removed 

water from frozen blood with minimal change in physical and free radicals 

content.  

ESR Spectrophotometer: 

        ESR signals of blood lyophilized samples were recorded at room 

temperature by using Bruker EMX spectrometer (X-band). The operating 

conditions are, microwave power = 1.008 mW, modulation amplitude = 

4.00 G, modulation frequency = 100 kHz, sweep width = 200 G, microwave 

frequency = 9.717 GHz, time constant = 327.68 ms and sweep time = 

41.943s. 

        The detection limit of ESR technique depends on the type of sample, 

sample size, detector sensitivity, frequency of the incident radiation and the 
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electronic circuits of the instrument.  

ESR Spectra measurements: 

        Samples were inserted in EPR quartz tubes and measured at suitable 

instrument parameters. The peak height of the radiation-induced EPR 

signals was determined for each sample. The reading intensities were 

divided by sample weight of each sample to calculate the normalization 

value. 

Analysis of ESR Data: 

Intensities were measured as the distance between top and bottom of peak 

height signal according to Pascual et al., (2002). Assessments of free 

radical concentrations were calculated according to the following equation:  

Nd = K. [Hº(∆H)2A/2]/[HmGe]   
Where: 

Nd = number of radical 

K = factor depending on the experimental condition of spectrophotometer 

=103cm. 

Hº
 = Magnetic field at peak in gauss. 

∆H = Width peak to peal. 

Hm = modulation peak. 

PH = power in mW=1.008 

Ge = gain of the detector = 3.17e+05 

Concentration = unpaired electron/g or spin/g. 
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Fig (A): Electron Spin Resonance Spectrum (ESR) Of Free 
Radical For Single Gamma Ray (5 Gy) Model.

-1500

-1000

-500

0

500

1000

1500

3440 3450 3460 3470 3480 3490 3500 3510

Irr
Control
Tau
ISO
Irr+ISO
Car

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 48

 

Fig(B): Electron Spin Resonance Spectrum (ESR) Of Free 
Radicals For Fractionated Gamma Rays (5x2Gy) Model.
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V-Determination of  Calcium and Magnesium in Heart Tissue Sample 

Preparation using Atomic Absorption Spectrophotometer: 

        Tissue samples were washed thoroughly with deionized  water, dried, 

weighed and digested in concentrated pure nitric acid (65%) and hydrogen 

peroxide in ratio of 4:1 (IAEA, 1980) using Microwave digester (Mileston, 

1200 Mega). Digested tissue was diluted with deionized water (1:100 for 

ca2+ & 1:500 for Mg2+) and detected quantitatively using   Atomic 

Absorption Spectrometer (Solar System Unicam 939) Hollow cathode 

lamps were used to determine calcium and magnesium elements. Elements 

concentration was calculated by calibration curve method using stock 

solutions (1000µg/ml) for each element (Kingston & Jassie, 1988). 

The element concentration per gram in tissue sample could be determined 

by the equation of  Gregus & klaassen, (1986).   
                       C1µgxD 
C2µg / g=                                  (for solid sample)  
                    Sample Weight 
Where: 

         C1 = metal concentration in solution. 

         C2 = metal concentration in sample. 

         D = dilution factor. 
VI- Evaluation of DNA Fragmentation in Heart Tissue of 

Male Rats (Gel Electrophoresis Technique): 
Ι- DNA Extraction From Heart Tissue of Male Rats: 

        DNA was extracted from heart tissue of male rats using DNA 

extraction kit (QIAGEN,  UK ) according to the tissue protocol. 

Reagents: 

-  ALT Lysis Buffer: containing Guanidine-based buffer and detergent to 

rupture nuclear membrane which exposes nucleic acid.  
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- Proteinase-K: To break down protein into amino acid.   

- Acetat EDTA Buffer: Elution buffer containing Tris EDTA to elute DNA 

attached to the membrane. 

Procedure: 

1- 25mg of tissue was cut into small pieces, placed in 1.5ml microcentrifuge 

tube. 

2- 180µl of ALT buffer was added and mixed. 

3- 20 µl of proteinase K, was added, mixed by vortex and incubated at 56ºC 

for 1 hour.  

4- The tubes were centrifuged to move drops from the inside of the lid. 

5- 200 µl of ALT buffer was added, mixed by using vortex and incubated at 

70ºC for 10 minutes, tubes were centrifuged to move drops from the inside 

of the lid. 

6- 200 µl of ethanol (96 - 100%) was added, mixed and centrifuged. 

7-The pellete (DNA) was then dissolved in 200 µl distilled water.   

ΙΙ- Agarose Gel Electrophoresis (Solomon et al., 1989) 

Reagents: 

1-Running buffer: Tris acetate EDTA buffer (TAE): 40 mM Tris base, 20 

mM sodium acetate and 1 Mm EDTA. 

2-Loading Buffer (2X):  containing dense substance to allow the sample to 

fall into sample wells (25 mg Bromophenol blue + 4 gm sucrose in 10 ml 

distilled water). 

3-Agarose pure powder for DNA electrophoresis 

3- Ethidium bromide a flurescent dye used for staining nucleic acid, it must 

handle as hazardous chemical (wear gloves) due its mutagenicity (1µg/ml 

distilled water). 

Procedure: 

Agarose gel (1.5%) in TAE buffer was prepared by boiling. The solution 
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was left to cool to 50ºC. Ethedium bromide was added (10 µg/ml) and 

mixed. The gel was poured into the tray containing sample comb and an air 

bubbles were avoided. The gel was left to cool at room temperature to 

solidify, the comb was removed carefully not to trip the bottom of the well, 

and the chamber was just covered with running buffer. 5 µl of DNA was 

added to 1 µl of loading buffer and mixed by drawing up and down 

micropipette then loaded into the wells, and then the current was applied for 

15 minutes. The pictures of the gel were taken using Nokia camera (3.2 

megapixels).  

Statistical Analysis: 

Comparison between different groups were carried out by one way analysis 

of variance (ANOVA) followed by Bonferroni test using Graphpad 

software version 3 The p value was at p<0.05, 0.01, 0,001 which mean 

significance. Figure was drawn using excel1 2003 program.  
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Results 

1-Estimation of Weight Ratio (Heart Weight /Body weight)  

A -Effect of Whole Body Gamma Irradiation or Isoprotrenol on Weight 

Ratio [Heart Weight (HW) /Body Weight (BW)] of Male Rats: 

  Exposure of rats to radiation dose level of 5 Gy resulted in an 

insignificant change in weight ratio (HW/BW) as compared to normal 

animals 3 days after irradiation (Table 1) and (Fig 1). However, 

fractionation of the dose (10 Gy) into 2 Gy installments for 5 successive 

days showed a significant increase in weight ratio as compared to control 

value Table (2) and Fig (2). Furthermore, induction of myocardial 

infarction with twice s.c injection of ISO (85mg/Kg) induced a significant 

increase in weight ratio as compared to control value (Tables 1,2) and  

(Figs 1,2). 
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Table (1): Effect of Gamma Irradiation (5Gy) or Isoproterenol (85mg/kg)- 
Induced Myocardial Infarction on (HW/BW) ratio of Male Rats.
 

 Body Weight(g)  
(BW)

Heart Weight(g)  
(HW)

   (HW / BW) 
Ratio 

X±S.E.M 195±12.3        
(n=7)

0.612±.03       
(n=7)

0.32±0.016      
(n=7)

X±S.E.M 188.3±12.4      
(n=6)

0.588±.033      
(n=6)

0.325±0.0133    
(n=6)

 Isoprotrenol X±S.E.M 186.9±13.1   
(n=7)

0.76±0.052      
(n=7)

0.412c±0.013   
(n=7)

Rats were sacrified  24 hours after Irr or ISO injection..
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control 
Each value represents the mean of animals (n) in each group ±S.E.M

Table (2): Effect of Fractionated Gamma Irradiation (5x2Gy) or Isoproterenol
(85mg/kg)- Induced Myocardial Infarction on HW/BW ratio of Male Rats.

 Body Weight(g)  
(BW)

Heart Weight(g)  
(HW)

    (HW /BW)   
Ratio

X±S.E.M 195±12.3     
(n=7)

0.62±0.03      
(n=7)

0.32±0.016    
(n=7)

X±S.E.M 183.3±20      
(n=6)

0.66±0.79       
(n=6)

0.38a±0.012  
(n=6)

 Isoprotrenol X±S.E.M 210.8±12      
(n=7)

0.76±0.06       
(n=7)

0.41c±0.013 
(n=7)

Rats were sacrified  24 hours after Irr or ISO injection..
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05, cP<0.01  Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M

Irradiated

Irradiated

            Parameters         

Groups

           Parameters         

Groups

Control

Control
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Rats were sacrified 24 hours after Irr or  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Rats were sacrified 24 hours afterIrr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05, cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Fig(1):Effect of Gamma Irradiation  (5Gy) or Isoproterenol 
(85mg/Kg)- Induced Myocardial Infarction
 on Weight Ratio (HW/BW)  of Male Rats. 
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Fig(2):Effect of Gamma Irradiation (5x2Gy) or Isoproterenol 
(85mg/Kg)- Induced Myocardial Infarction on  weight Ratio 

(HW/BW)  of Male Rats. 
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B- Effect of Carvedilol on Weight Ratio (HW/BW) of Irradiated Male 

Rats with Isoprotrenol Induced Myocardial Infarction: 

         Radiation exposure of rats at 5 Gy as shut dose or 10 Gy as 

fractionated dose (5x2 Gy) followed by twice s.c injection of ISO resulted 

in a significant increase in HW/BW ratio which reflect enlargement of the 

heart size. The recorded percentages to control value were 149.1%, 

(Table 3, Fig 3) for acute dose and 150.6%, (Table 4) and (Fig 4) for 

fractionated dose of γ-irradiation. However, Carvedilol pretreatment 

reduced the enlargement in the heart size as it produced a significant 

amelioration in (HW/BW) ratio of rats subjected to combined treatment 

of γ-irradiation followed by 2 successive doses of ISO (s.c) amounted to 

127%  for single dose and 118% for fractionated dose as compared to 

control value (Table 3) and (Fig 3).  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 



 56

Table (3): Effect of Carvedilol (30mg/Kg) on weight ratio(HW/BW) of Irradiated (5Gy)
 Male Rats with Isoproterenol(85mg/Kg)-Induced Myocardial  Infarction.

Body 
Weight(g)       

(BW)

Heart Weight(g)  
    (HW)

 (HW / BW)  
Ratio

Control X±S.E.M 195±12.35       
(n=7)

0.612±0.03      
(n=7)

0.32±0.016      
(n=7)

Irr +ISO X±S.E.M 176.2±8.9        
(n=6)

0.84±0.057      
(n=6)

0.477
c
±0.023       
(n=6)

Irr+ISO       
+Carvedilol X±S.E.M 1785.1±54        

(n=7)
0.72±0.027     

(n=7)
0.41(c,e)±0.02     

(n=7)
Rats were sacrified after 24 hours after ISO injection.
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
eP<0.05 Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (4): Effect of  Carvedilol (30mg/Kg) on weight ratio (HW/BW) of Irradiated
(5x2Gy) Male Rats with Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

Body 
Weight(g)    

(BW)

Heart Weight(g)  
  (HW)

  (HW / BW )   
Ratio

Control X±S.E.M 195±12.3        
(n=7)

0.612±0.03        
(n=7)

0.32±0.02            
(n=7)

Irr+ISO X±S.E.M 203.3±12.6         
(n=7)

0.99±0.11        
(n=7)

0.482
c
±0.024        
(n=7)

Irr+ISO              
+Carvedilol X±S.E.M 193.3+15          

(n=7)
0.79±0.07             

(n=6)
0.38

b,f
 ±0.02     

(n=7)
Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01and cP<0.001 Significantly different as compared to control.
eP<0.05 Signifcantly different from (Irr+ISO) group. 
Each value represents the mean of animals (n) in each group ±S.E.M
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
eP<0.01 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01 and cP<0.001Significantly different from control value.
fP<0.001 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(3):Effect of Carvedilol (30mg/kg) on (HW/BW) Ratio of Irradiated 
Male Rats (5Gy) with Isoproterenol (85mg/Kg)-Induced Myocardial 

Infarction.
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Fig(4):Effect of carvedilol (30m/kg) on (HW/BW) Ratio of Irradiated 
Male Rats (5x2Gy) with Isoproterenol (85mg/Kg)- Induced Myocardial 

Infarction.
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C- Effect of Taurine on Weight Ratio (HW/BW) of Irradiated Male 

Rats with Isoprotrenol Induced Myocardial Infarction: 

        Data presented in Table (5,6) and Fig(5,6) showed a significant 

elevation in HW/BW ratio  in male rats subjected to double treatment of 

γ- irradiation as single dose (5Gy) or fractionated dose (5x2Gy) followed 

by induction of myocardial infarction as compared to normal control 

value. The percentage to control value amounted to 149.1% for acute 

dose and 150% for fractionated dose of γ- irradiation. 

        Taurine pretreatment showed a significant reduction in (HW/BW)) 

ratio of rats subjected to combined treatment of γ- irradiation (acute or 

fractionated dose) followed by induction of myocardial infarction 

amounted 131.3% and 125% comparing to their respective control. These 

values were still significantly different from normal value.   
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Table (5): Effect of Taurine (1.1g/Kg)  on weight Ratio (HW/BW) of Irradiated
(5Gy) Male Rats with Isoproterenol(85mg/Kg)-Induced Myocardial Infarction.

 Body Weight(g) 
(BW)

Heart Weight(g)  
(HW)

   (HW /BW)   
Ratio 

Control X±S.E.M 195±12.35      
(n=7)

0.612±0.03      
(n=7)

0.32±0.012      
(n=7)

Irr +ISO X±S.E.M 176.2±8.9        
(n=6)

0.84±0.057      
(n=6)

0.48c±0.023   
(n=6)

Irr+ISO        
+Taurine X±S.E.M 185.7±5.5        

(n=7)
0.78±0.03        

(n=7)
0.42(c,d)±0.02    

(n=7)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
dP<0.05 Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (6): Effect of Taurine (1.1g/Kg)  on weight  ratio (HW/BW) of Irradiated
 (5x2Gy)Male Rats  with Isoproterenol (85mg/Kg)-Induced  Myocardial Infarction.

 Body Weight(g) 
(BW)

Heart Weight(g)  
(HW)

 (HW /BW) 
Ratio 

Control X±S.E.M 195±12.3        
(n=7)

0.612±0.03       
(n=7)

0.32±0.02        
(n=7)

Irr +ISO X±S.E.M 203.3±12.6       
(n=7)

0.99±0.11        
(n=7)

0.48c±0.024     
(n=7)

Irr+ISO        
+Taurine X±S.E.M 188.8+6.7        

(n=6)
0.69±0.04        

(n=6)
0.4(b,e)±0.01      

(n=6)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
 bP<0.01, cP<0.001 Significantly different control value.
eP<0.05 Signifcantly different as from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
dP<0.05 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control value.
eP<0.01 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(5):Effect of Taurine (1.1g/kg) on (HW/BW) Ratio of Irradiated Male 
Rats (5Gy) with Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.
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Fig(6):Effect of Taurine (1.1g/kg) on (HW/BW) Ratio of Irradiated Male 
Rats (5x2Gy) with Isoproterenol (85mg/Kg)-Induced Myocardial 

Infarction.
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[2]-Lipid Profile pattern: 
2[1]-Serum Cholesterol and Triglyceride Levels: 
A- Effect of Whole Body Gamma Irradiation or Isoprotrenol on Serum 

Cholesterol and Triglyceride Levels of Male Rats: 

        Rats irradiated at 5 Gy delivered as single dose produced a 

significant increase in Cholesterol and triglyceride levels 3 days 

following irradiation compared to normal control values (Table 7) and 

(Fig 7).  Moreover, fractionation of 10 Gy into (5x2Gy) installment 

produced a significant elevation in Cholesterol level 3 days post γ-

irradiation as compared to normal values. Nevertheless, there was 

insignificant change in triglyceride level as compared to normal values 

Table (8) and Fig (8). Induction of myocardial infarction by 2 s.c 

injections of ISO induced significant elevation in both cholesterol and 

triglyceride levels as compared to normal values (Tables 7, 8) and                         

(Figs 7, 8).  
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Table (7):  Effect of Gamma Irradiation (5Gy) or Isoproterenol
(85mg/kg)-Induced Myocardial Infarction on Serum  Cholesterol and
Triglyceride levels of Male Rats.

Cholesterol 
(mg/dl)

Triglyceride 
(mg/dl)  

X±S.E.M
74.6±5.6      

(n=6)
54.3±3.7        

(n=6)

X±S.E.M 110c±7.6        
(n=6)

89.3c±5.7       
(n=6)

Isoprotrenol X±S.E.M 99.4a±3.2       
(n=6)

72.6a±4        
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05,  cP<0.001 Significantly different from control .
Each value represents the mean of animals (n) in each group ±S.E.M

Table (8): Effect of Fractionated Gamma Irradiation  (5x2Gy) or
Isoproterenol (85mg/kg)-Induced Myocardial Infarction on Serum 
Cholesterol and Triglyceride levels of  Male Rats.

Cholesterol      
(mg/dl)

Triglyceride 
(mg/dl)

X±S.E.M
64.3±3.7      

(n=6)
47.5±3.6       

(n=6)

Irradiated X±S.E.M 94.5b±6.9     
(n=6)

60.9±4.9       
(n=6)

Isoprotrenol X±S.E.M 96.5c±4.9     
(n=6)

66.4a±4.8      
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05, bP<0.01 cP<0.001 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M
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Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05,  cP<0.001 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05, bP<0.01, cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Fig(7):Effect of Gamma Irradiation (5Gy) or Isoproterenol (85mg/Kg)-
Induced Myocardial Infarction on Serum

Cholesterol and Triglyceride Levels of Male Rats. 
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Fig(8):Effect of Fractionated Gamma Irradiation (5x2Gy) or 
Isoproterenol (85mg/Kg)- Induced Myocardial Infarction on Serum 

Cholesterol and Triglyceride Levels of Male Rats. 
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B- Effect of Carvedilol on Serum Cholesterol and Triglyceride Levels of 

Irradiated Male Rats with Isoprotrenol Induced Myocardial Infarction: 

        Results as presented in Table (9) and Fig (9) revealed a significant 

increase in cholesterol  (168.4%) and triglyceride  (197%) levels  of male   

rats subjected to double treatment of γ- irradiation (5Gy) followed by two 

ISO s.c  injections as compared to normal control values. Besides, rats 

subjected to double treatment of fractionated γ- irradiation (5x2 Gy) with 

double ISO injections (s.c) resulted in significant increases in cholesterol 

(157.1%) and triglyceride (164%) levels as compared to normal control 

values (Table 10) and (Fig 10). 

        Carvedilol pre-treatment of rats subjected to γ- irradiation as acute 

dose (5Gy) followed by induction of myocardial infarction normalized 

the level of triglyceride. Moreover, carvedilol exerted a significant 

reduction in elevated triglyceride levels of rats exposed to fractionated 

dose with ISO injection as comparing to respective control. Even though 

there was no significant change in cholesterol levels at both single and 

fractionated doses of γ-irradiation comparing to respective control group 

(Irr+ISO) (Tables 9, 10) and (Figs 9, 10).  
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Table (9) Effect of Carvedilol (30mg/Kg) on Serum  Cholesterol and
Triglyceride Levels of Irradiated (5Gy) Male Rats with Isoproterenol
(85mg/Kg)-Induced Myocardial Infarction.

Cholesterol      
(mg//dl)

Triglyceride     
(mg/dl)

Control X±S.E.M 74.6±5.6         
(n=6)

54.3±3.7         
(n=6)

Irr +ISO X±S.E.M 125.6c±6.9       
(n=6)

107c±7.5         
(n=6)

Irr+ISO        
+Carvedilol X±S.E.M 107.3b±6.2       

(n=6)
55.2f±2.1         

(n=6)
Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01 cP<0.001 Significantly different from control. 
fP<0.001 Signifcantly different from (Irr+ISO) group. 
Each value represents the mean of animals (n) in each group ±S.E.M.

Table (10): Effect of Carvedilol (30mg/Kg)  on Serum Cholesterol and
Triglyceride Levels of Irradiated (5x2Gy) Male Rats with Isoproterenol
(85mg/Kg)-Induced Myocardial Infarction.

Cholesterol      
(mg//dl)

Triglyceride     
(mg//dl)

Control X±S.E.M 64.3±3.7         
(n=6)

47.5±3.6         
(n=6)

Irr +ISO X±S.E.M 101c±6.1         
(n=6)

78.2c±5.6         
(n=7)

Irr+ISO        
+Carvedilol X±S.E.M 80.8±6.4         

(n=6)
58d±5.6          

(n=5)
Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
dP<0.05 Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M.
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01 cP<0.001 Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
dP<0.05 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig (10): Effect of Carvedilol (30mg/kg)  on Serum Cholesterol and 
Triglyceride Levels of Irradiated (5x2Gy) Male Rats with Isoproterenol 

(85mg/Kg)- Induced Myocardial Infarction.
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Fig(9):Effect of Carvedilol (30mg/kg) on Serum Cholesterol and 
Triglyceride Levels of Irradiated (5Gy) Male Rats with Isoproterenol 

(85mg/Kg)-Induced Myocardial Infarction.
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C- Effect of Taurine on Serum Cholesterol and Triglyceride Levels of 

Irradiated Male Rats with Isoprotrenol Induced Myocardial Infarction: 

        Data as presented in Table (11) and Fig (11) produced a significant 

increase in cholesterol 168.4% and triglyceride 197% levels in male rats 

subjected to double treatment of γ-irradiation (5Gy) followed by 

induction of myocardial infarction as compared to normal control values.  

Moreover, rats subjected to double treatment of fractionated γ- irradiation 

(5x2Gy) with ISO injection (s.c) resulted in significant increase in 

cholesterol and triglyceride levels as compared to normal control value. 

The percentage increases were 157.1% and 166% for cholesterol and 

triglyceride activity respectively from control values (Table 12) and (Fig 

12). 

        Taurine pre-treatment of rats subjected to combined treatment of γ- 

irradiation as acute dose (5Gy) or fractionated doses (5x2Gy) followed by 

s.c injection of ISO showed a significant restoration in cholesterol and 

triglyceride levels as compared to their respective control group(Irr+ISO). 

(Table 11,12) and (Figs 11, 12).  
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Table(11): Effect of Taurine (1.1g/Kg) on Serum Cholesterol and
Triglyceride Levels of Irradiated (5Gy) Male Rats with Isoproterenol 
(85mg/Kg)-Induced Myocardial Infarction.

Cholesterol      
(mg//dl)

Triglyceride     
(mg/dl)

Control X±S.E.M 74.6±5.6         
(n=6)

54.3±3.7         
(n=6)

Irr +ISO X±S.E.M 125.6c±6.9       
(n=6)

107c±7.5         
(n=6)

Irr+ISO       
+Taurine X±S.E.M 96.9a,e±6        

(n=6)
59.5f±5.5         

(n=6)
Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
a<0.05 cP<0.001 Significantly different from control.
eP<0.01 and fP<0.001 Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M.

Table(12): Effect of Taurine(1.1g/Kg)  on Serum Cholesterol and
Triglyceride Levels of Irradiated (5x2Gy )Male Rats with 
Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

Cholesterol      
(mg/dl)

Triglyceride   
(mg/dl)

Control X±S.E.M 64.3±3.7         
(n=6)

47.5±3.6         
(n=6)

Irr +ISO X±S.E.M 101c±6.1         
(n=6)

78.2c±5.6        
(n=7)

Irr+ISO       
+Taurine X±S.E.M 52f±3.7          

(n=6)
45f±3.0          
(n=5)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
fP<0.001 Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M.
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(12):Effect of Taurine (1.1g/kg)  on Serum Cholesterol and 
Triglyceride Levels of Irradiated (5x2Gy) Male Rats with Isoproterenol 

(85mg/Kg)-Induced Myocardial Infarction.
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Fig(11):Effect of Taurine(1.1g/kg) on Serum Cholesterol and Triglyceride 
Levels of Irradiated (5Gy)  Male Rats  with Isoproterenol (85mg/Kg)- 

Induced Myocardial Infarction.
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2[ΙΙ]-Serum Lipoprotein Levels:  
A-Effect of Whole Body Gamma Irradiation or Isoprotrenol on serum 

lipoprotein levels of Male Rats: 
        Radiation exposure of rats at 5Gy delivered as shut dose resulted in a 

significant drop in HDL-C level, accompanied by a significant increase in 

VLDL-C, risk factor and athrogenic index level as compared to normal 

values 3 days after irradiation Table (13) and Fig (13). However there 

was an insignificant change in the level of serum LDL-C as compared to 

control value. Furthermore, radiation exposure at 10 Gy delivered in 2 Gy 

installments for 5 successive days produced a significant decrease in 

serum HDL-C level as compared to normal control value. However, 

exposure of rats to the same dose level showed a significant increase in 

the levels of serum LDL-C, VLDL-C, risk factor and athrogenic index as 

compared to control values (Table 14) and (Fig 14).  

        Rats injected with isoprotrenol showed a significant decrease in the 

HDL-C accompanied by a significant increase in the levels of LDL-C, 

VLDL-C, risk factor and athrogenic index as compared to control values 

(Tables 13,14) and (Figs 13, 14).   
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Table (13): Effect of Gamma Irradiation  (5Gy) or Isoproterenol (85mg/kg)-Induced 
Myocardial Infarction on Serum Lipoprotein Levels of Male Rats.

HDL -C    
(mg/dl)

LDL-C     
(mg/dl)

VLDL-C    
(mg/dl) 

Risk       
Factor

Athrogenic  
Index

X±S.E.M 36.6±2.4     
(n=6)

32.5±3      
(n=6)

10.8±0.8     
(n=6)

2.1±0.19     
(n=6)

1.1±0.1      
(n=6)

X±S.E.M 23.5c±0.8    
(n=6)

38.5±2.1     
(n=5)

17.9c±1.1    
(n=6)

4.7c±0.35    
(n=6)

3.7c±0.35    
(n=6)

Isoprotrenol X±S.E.M 22.3c±0.85   
(n=6)

60.3c±3.7    
(n=6)

14.5a±0.8    
(n=6)

4.5c±0.3     
(n=6)

3.5c±0.3     
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05 and cP<0.001 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (14): Effect of Fractionated Gamma Irradiation (5x2Gy) or Isoproterenol-
(85mg/kg) Induced Myocardial Infarction on Serum Lipopritein Levels of  Male Rats.

HDL-C     
(mg/dl)

LDL-C     
(mg/dl)

VLDL-C    
(mg/dl)

Risk       
Factor

Athrogenic  
Index

X±S.E.M
35±1.9     
(n=7)

41.2±3.8    
(n=7)

9.3±0.65    
(n=6)

1.89±0.1     
(n=6)

0.89±0.08    
(n=6)

X±S.E.M 24.8a±2.3   
(n=6)

68.6c±4.9   
(n=6)

12.1a±0.99  
(n=6)

3.8c±0.33    
(n=6)

2.86a±0.23   
(n=6)

Isoprotrenol X±S.E.M 24.8a±3.8   
(n=6)

68.4c±3.5   
(n=5)

13.3a±0.95  
(n=6)

3.9c±0.37    
(n=6)

3.6c±0.12    
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05 and cP<0.001  Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M
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Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
ap<0.05 and cp<0.001 Significantly different as compared to control value.
Each value represents the mean of animals (n) in each group ±S.E.M.

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
ap<0.05  andcp<0.001 Significantly different as compared to control value.
Each value represents the mean of animals (n) in each group ±S.E.M.

Fig(13):Effect of Gamma Irradiation  (5Gy) or Isoproterenol 
(85mg/Kg) Induced Myocardial Infarction

 on Serum Lipoprotein Levels of Male Rats. 
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Fig(14):Effect of Fractionated Gamma irradiation  (5x2Gy) or 
Isoproterenol (85mg/Kg) Induced Myocardial Infarction on 

Serum Lipoprotein Levels of Male Rats. 
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B- Effect of Carvedilol on serum lipoprotein levels of Irradiated Male 

Rats with Isoprotrenol induced Myocardial Infarction: 

        Rats exposed to a single dose of 5 Gy followed by 2 successive 

doses of  s.c injection of ISO, exhibited a significant decrease in serum 

HDL-C level  (59%) as compared to normal control value.  Nevertheless, 

there was a significant elevation in serum   LDL-C (159%), VLDL-C 

(198.1%),risk factor (290%) and athrogenic index (447%) levels as 

compared to normal control values.  Moreover, rats exposed to the 

fractionated dose (5x2Gy) prior to the induction of myocardial infarction 

resulted in a significant drop in HDL-C (62%) accompanied by 

significant elevation in LDL-C, VLDL-C, risk factor and athrogenic 

index as compared to control values. The recorded percentages to control 

value were 173.2%, 167.75%, 253.2% and 413% respectively (Tables 15, 

16) and (Figs (15, 16).  

          Carvedilol pretreatment of irradiated rats (5Gy) with ISO induced 

myocardial infarction, nearly normalized the effect of double treatment 

with γ- irradiation and ISO on serum HDL-C (93%), VLDL-C (101.8%) 

and reduced the value of risk factor (137.35%). Moreover, carvedilol 

slightly ameliorated the effect of irradiation (5Gy) with ISO on serum 

LDL-C and athrogenic index comparing to their respective control values 

(Table 15) and (Fig 15). In addition, a significant protective effect of 

carvedilol on serum LDL-C, VLDL and risk factor levels in rats exposed 

to fractionated γ- irradiation (5x2Gy) with induction of myocardial 

infarction was shown as it recorded 127.7%, 116% and 155% as 

compared to their control values. Such effect was associated with 

insignificant change in the value of serum HDL-C and athrogenic index 

as compared to the respective control values (Table 16) and (Fig 16).   
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Table (15): Effect of Carvedilol (30mg/Kg) on Serum Lipoprotein Levels of Irradiated 
(5Gy) Male Rats  with Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

HDL-C     
(mg/dl)

LDL-C     
(mg/dl)

VLDL-C    
(mg/dl)

Risk       
Factor

Athrogonic  
Index

Control X±S.E.M 36.6±2.4     
(n=6)

32.5±3      
(n=6)

10.8±0.8     
(n=6)

2.1±0.19     
(n=6)

1.1±0.1      
(n=6)

Irr +ISO X±S.E.M 21.6c±2      
(n=6)

51.7c±3.1    
(n=5)

21.4c±1.5    
(n=6)

5.9c±0.58    
(n=6)

4.6c±0.42    
(n=6)

Irr+ISO     
+Carvedilol X±S.E.M 34.3f±2.86   

(n=6)
43.6±4.3     

(n=5)
11.0f±0.43   

(n=6)
3.1f±0.3     

(n=5)
2.1c±0.2     

(n=6)

Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
fP<0.001Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

Table(16): Effect of Carvedilol (30mg/Kg)  on Lipoprotein Levels of Irradiated
(5x2Gy) Male Rats with Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

HDL-C     
(mg/dl)

LDL -C     
(mg/dl)

VLDL -C   
(mg/dl)

Risk       
Factor

Athrogonic  
Index

Control X±S.E.M    35±1.9     
(n=7)

41.2±3.8     
(n=7)

9.3±0.65     
(n=6)

1.9±0.09     
(n=6)

0.86±0.08    
(n=6)

Irr +ISO X±S.E.M 21.7b±1.9    
(n=6)

71.2c±7.1    
(n=6)

15.6c ±1.1    
(n=7)

4.8c±0.4     
(n=6)

3.8c ±0.34    
(n=6)

Irr+ISO     
+Carvedilol X±S.E.M 28.2±2.2     

(n=5)
52.5d±4.8    

(n=5)
12.1±1.4     

(n=5)
2.94f±0.29   

(n=5)
1.86d±0.16   

(n=6)

Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control.
dP<0.05, fP<0.001 Signifcantly different from(Irr+ISO) group..
Each value represents the mean of animals (n) in each group ±S.E.M
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
fP<0.001 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control value.
dP<0.05 eP<0.01and fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(15):Effect of carvedilol (30mg/Kg) on Serum Lipoprotein Levels of 
Irradiated (5Gy) Male Rats with Isoproternol (85mg/Kg)-Induced Myocardial 

Infarction.
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Fig(16):Effect of Carvedilol on Lipoprotein Levels of Irradiated (5x2Gy) 
Male Rats with Isoproterenol (85mg/Kg)- Induced Myocardial Infarction. 
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C- Effect of Taurine on serum lipoprotein levels of Irradiated Male 

Rats with Isoprotrenol Induced Myocardial Infraction: 

        Radiation exposure of rats at 5Gy as single dose or 10Gy as 

fractionated dose (5x2Gy) followed by 2 successive s.c injections of ISO, 

significantly reduced serum HDL-C values to 59% and 62% as compared 

to their respective normal control values respectively. On the contrary, 

there was a significant increase in serum LDL-C, VLDL-C, risk factor 

and athrogenic index levels to 159%, 198.1%, 290% and 413%  

respectively for acute dose in addition to 173.25%, 167.7%, 253% and 

447% respectively for fractionated dose as compared to normal control 

values  Table (17,18) Fig (17,18).   

        Taurine pretreatment of rats and subsequently exposed to double 

treatment of γ- irradiation (5Gy) and ISO (s.c) resulted in a significant 

protection in serum HDL (89.3%), LDL (114.5) %  VLDL (110.2%), risk 

factor (145%) and athrogenic index (181%) as compared to their 

respective control groups (Table 17) and (Fig 17). Furthermore, taurine 

pretreatment of fractionated (5x2Gy) irradiated rats with two ISO 

injections caused conservative effect in lipoprotein levels recording 100.8 

% for HDL-C, 74.7% for LDL-C,  97.8% for VLDL-C, 80% for risk 

factor and 60% for taurine respectively as compared to their respective 

control (Table 18) and (Fig 18).  
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Table (17): Effect of Taurine (1.1g/Kg) on Serum Lipoprotein Levels of Irradiated
 (5Gy) Male Rats  with Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

HDL -C     
(mg/dl)

LDL -C      
(mg/dl)

VLDL-C     
(mg/dl)

Risk        
Factor

Athrogenic   
Index

Control X±S.E.M 36.6±2.4      
(n=6)

32.5±3       
(n=6)

10.8±0.8      
(n=6)

2.1±0.19      
(n=6)

1.1±0.1       
(n=6)

Irr +ISO X±S.E.M 21.6c±2       
(n=6)

51.7c±3.1     
(n=5)

21.4c±1.5     
(n=6)

5.9c±0.58     
(n=6)

4.55c±0.42    
(n=6)

Irr+ISO      
+Taurine X±S.E.M 32.7f±1.1    

(n=6)
37.2d±1.9     

(n=5)
11.9f±1.1     

(n=6)
3.0f±0.22     

(n=5)
2.0f±0.18     

(n=6)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
dP<0.05 and  fP<0.001Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

Table(18): Effect of Taurine (1.1g/Kg) on Serum Lipoprotein levels of Irradiated
 (5x2Gy) Male Rats  with Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

HDL-C      
(mg/dl)

LDL -C      
(mg/dl)

VLDL-C     
(mg/dl)

Risk        
Factor

Athrogenic   
Index

Control X±S.E.M    35±1.9      
(n=7)

41.2±3.8      
(n=7)

9.3±0.65      
(n=6)

1.9±0.09      
(n=6)

0.86±0.08     
(n=6)

Irr +ISO X±S.E.M 21.7b±1.9     
(n=6)

71.2c±7.1     
(n=6)

15.6c±1.1     
(n=7)

4.8c±0.4      
(n=67)

3.8c±0.34     
(n=6)

Irr+ISO      
+Taurine X±S.E.M 35.1e±2.7     

(n=5)
30.7f±2.6     

(n=5)
9.1f±0.61     

(n=5)
1.5f±0.089    

(n=5)
0.5f±0.05     

(n=5)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control.
eP<0.01, fP<0.001 Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisosn.
cP<0.001 Significantly different from control value.
dP<0.05 and fP<0.001 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control value.
eP<0.01, fP<0.001 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(17):Effect of Taurine (1.1 g/Kg) on Serum Lipoprotein Levels of Irradiated 
(5Gy) Male Rats with Isoproternol (85mg/Kg)-Induced Myocardial Infarction.
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Fig(18):Effect of Taurine(1.1 g/Kg) on Lipoprotein Levels of Irradiated 
(5x2Gy) Male Rats with Isoproterenol (85mg/Kg)- Induced Myocardial 

Infarction.  
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[3]-Cardiac Biomarkers: 
Effect of Whole Body Gamma Irradiation or Isoprotrenol on serum 

Cardiac Biomarker Levels of Male Rats: 

        As presented in Tables (19, 20) and illustrated in Figs (19, 20) 

radiation exposure of rats delivered as acute dose (5Gy) or as cumulative 

dose (5x2Gy/day) resulted in a significant increase in serum cardiac 

biomarker levels as compared to normal values 3 days after irradiation. 

The increases in cardiac biomarker levels (LDH, GOT, CK-MB and 

Troponin) were nearly the same in acute radiation dose (5Gy) as well as 

fractionated dose (5x2Gy). The increases in biomarker levels were in the 

order of CK-MB> troponin > LDH > GOT. 

       Rats injected (s.c) with 2 successive doses of ISO (85mg/Kg) 

exhibited a significant increase in the levels of LDH, GOT , CK-MB and 

Troponin as compared to control values (Tables 19, 20) and (Figs 19, 20). 
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Table (19): Effect of Gamma Irradiation (5Gy) or Isoproterenol (85mg/kg)-
Induced Myocardial Infarction on Serum Cardiac Biomarker Levels of Male Rats.

LDH         
(u/l)

GOT         
(u/l)

CK-MB      
(u/l)

Troponin     
(ug/l)

Control X±S.E.M 1408±79       
(n=6)

76.6±5.8       
(n=6)

285±28        
(n=7)

0.035±0.003    
(n=5)

Irradiated X±S.E.M 2573c±119.4    
(n=6)

113.1b±8.7     
(n=5)

605c±59.3      
(n=6)

0.064a±0.006   
(n=5)

Isoprotrenol X±S.E.M 2346b±282     
(n=6)

118.9c±6.7     
(n=6)

782.8c±60.7    
(n=5)

0.097c±0.0096  
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05,bP<0.01, cP<0.001 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (20): Effect of Fractionated Gamma Irradiation (5x2Gy) or Isoproterenol 
(85mg/kg)-Induced Myocardial Infarction on Serum Cardiac  Biomarker Levels
of Male Rats.

LDH         
(u/l)

GOT         
(u/l)

CK-MB      
(u/l)

Troponin     
(ug/l)

Control X±S.E.M 1327±127      
(n=6)

81±6.6        
(n=7)

288±25        
(n=6)

0.052±0.004    
(n=6)

Irradiated X±S.E.M 2113b±158     
(n=6)

110.4a±8.6     
(n=6)

503.6a±49.7    
(n=5)

0.099c±0.009   
(n=5)

Isoprotrenol X±S.E.M 2189c±175     
(n=6)

123.3c±10.2    
(n=6)

766c±73       
(n=5)

0.1c±0.0097    
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05, bP<0.01, cP<0.001 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M

      Parameters        

Groups

       Parameters        

Groups

 
 

 

 



 81

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05, bP<0.01, cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05, bP<0.01, cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Fig (19): Effect of Gamma Irradiation (5Gy) or Isoproterenol 
(85mg/Kg) Induced- Myocardial Infarction on Serum 

Cardiac Biomarker Levels of Male Rats.
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Fig (20): Effect of Fractionated Gamma Irradiation (5x2Gy) 
or Isoproterenol (85mg/Kg) Induced- Myocardial Infarction 

on Serum Cardiac Biomarker Levels of Male Rats. 
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B- -Effect of Carvedilol on Serum Cardiac Biomarker Levels of 

Irradiated Male Rats with Isoprotrenol Induced Myocrdial Infarction: 

        Radiation exposure of rats at 5 Gy as single dose followed by two s.c 

injections of ISO, resulted in a significant increases in serum cardiac 

biomarker levels amounted to 207.5%, 160.8%, 301% and 364% for 

LDH, GOT, CK-MB  and troponin respectively  as compared to normal 

control value  (Table  21) and (Fig 21). Meanwhile, exposure of rats to 

fractionated dose of γ-irradiation (5x2Gy) with ISO induced myocardial 

infarction caused nearly the same effects on cardiac biomarker levels as it 

recorded 166.4%for LDH, 163% for GOT, 347% for CK-MB and 202.7% 

for troponin (Table 22) and (Fig 22).  

        Administration of carvedilol  (30mg/Kg) prior to double treatments 

with either acute (5Gy) or fractionated (5x2Gy) exposure to γ-irradiation 

followed by induction of myocardial infarction restored serum cardiac 

biomarker levels as they recorded 123.5% (5GY), 106% (5X2Gy) for 

LDH  and 90.2% (5Gy), 81.8% (5x2Gy) for GOT, 113% (5Gy) and 

85.5% (5x2Gy) for troponin as compared to normal control values. Thus, 

carvedilol pretreatment nearly restored cardiac biomarker levels to their 

normal values except that of CK-MB activity where it demonstrated a 

significant (p<0.05) increase up to 169% and 217.7% of the control 

values (Tables 21, 22) and (Figs 21, 22).     
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Table(21): Effect of Carvedilol (30mg/Kg)  on Serum Cardiac Biomarker Levels of 
Irradiated(5Gy) Male Rats  with Isoproterenol Induced Myocardial Infarction.

Control X±S.E.M      1408±79        
(n=6)

    76.6±5.8          
  (n=6)

     285±28           
(n=6)

        
0.036±0.0035   

(n=5)

Irr +ISO X±S.E.M      2922c±290        

(n=6)
     123c±11.4       

     (n=5)
     859.4c±11.4       

  (n=6)
     0.129c±0.009  

    (n=5)

      Irr+ISO   
+Carvedilol X±S.E.M       1736f±110      

   (n=6)
     69.1f±3.8        

(n=6)
    483b,f±48        

(n=5)
       0.04f±0.003   

    (n=5)
Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (22): Effect of Carvedilol (30mg/Kg) on Serum Cardiac Biomarker Levels
of Irradiated (5x2Gy) Male Rats with Isoproterenol (85mg/Kg)-Induced 
Myocardial Infarction.

Control X±S.E.M      1327±127        
  (n=6)

       81.0±6.6       
     (n=7)

      288±25          
 (n=6)

   0.052±0.004     
    (n=7)

Irr +ISO X±S.E.M    2209c±179.6    
   (n=6)

    132c±8.7       
(n=7)

    999.2c±80.5     
   (n=6)

  0.105c±0.005     
  (n=6)

      Irr+ISO      
  +Carvedilol X±S.E.M  1406e±122.5    

(n=6)
    66.3f±3.2       

(n=7)
 625.8c,f±62.4   

(n=5)
 0.046f±0.0045     

 (n=5)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
eP<0.01, fP<0.001Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

                 Parameters        

 Groups

               Parameters         

Groups

      Troponin       
(ug/l)     

        LDH          
(u/l)     

         GOT          
(u/l)     

      CK-MB       
(u/l)     

   Troponin      
(ug/l)     

      CK-MB       
(u/l)     

         LDH         
(u/l)      

        GOT          
(u/l)     
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01, cP<0.001 Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
 cP<0.001 Significantly different from control value.
eP<0.05 ,fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig ( 21 ):Effect of Carvedilol (30mg/Kg) on Serum Cardiac 
Biomarker Levels of Irradiated (5Gy) Male Rats with 

Isoproterenol (85mg/Kg)-Induced Myocardial Infarction. 
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Fig ( 22 ): Effect of Carvedilol (30mg/Kg) on Serum Cardiac 
Biomarker Levels of Irradiated (5x2Gy) Male Rats with 
Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.
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C- Effect of Taurine on Serum Cardiac Biomarker Levels of Irradiated 

Male Rats with Isoprotrenol Induced Myocardial Infarction: 

         exposure of rats at 5 Gy as single dose or 10Gy  as fractionated dose  

(5x2Gy) followed by two s.c injections of ISO, resulted in a significant 

elevation  in serum cardiac enzymes activities (LDH, GOT and CK-MB) 

as well as troponin comparing to normal control values  (Tables 23, 24) 

and (Fig 23,24). The percentage to normal control values were 207.5%, 

160.6%,  301.5% and 364% for LDH, GOT, Ck-MB and troponin 

respectively for acute dose of γ-radiation with ISO injection and 166.4%, 

% 163%, 409 %  and 202.7% respectively for fractionated dose γ-

irradiation with ISO injection.   

        Taurine (1.1g/Kg) as a protector ameliorated the effect of double 

treatment of γ-irradiation (5Gy or 5x2Gy) with ISO on cardiac biomarker 

levels LDH, GOT, CK-MB and troponin where it recorded 137.8% and 

91.6% ,  49.8% and 327% (5Gy) as well as 112%, 88.5%, 59%  and 

110% (5x2Gy) with respect to normal values (Tables 23, 24) and (Figs 

23, 24).  
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Control X±S.E.M      1408±79        
(n=6)

    76.6±5.8          
  (n=6)

     285±28           
(n=6)

            
0.036±0.0035   

(n=5)

Irr +ISO X±S.E.M      2922c±290        

(n=6)
     123c±11.4       

     (n=5)
     859.4c±47.6      

   (n=6)
     0.129c±0.009  

    (n=5)

      Irr+ISO      
 +Taurine X±S.E.M       1941e±47       

 (n=6)
     70.2f±1.1        

(n=6)
   142f±12.4        

(n=5)

      
0.116c±0.009      

(n=5)
Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
eP<0.01 and fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (24): Effect of Taurine (1.1 g/Kg) on Serum Cardiac Biomarker Levels
of Irradiated (5x2Gy) Male Rats with Isoproterenol (85mg/Kg)-Induced Myocardial
 Infarction.

Control X±S.E.M      1327±127        
  (n=6)

       81.0±6.6       
     (n=7)

           288±25     
      (n=6)

   0.052±0.004     
  (n=7)

Irr +ISO X±S.E.M    2209c±179.6    
   (n=6)

    132c±8.7       
(n=7)

    999.2c±80.5     
   (n=6)

  0.105c±0.005     
   (n=6)

      Irr+ISO      
 +Taurine X±S.E.M    1486e±134    

(n=6)
    71.7f±6.5       

(n=7)
    170f±16.6     

(n=7)
  0.075d±0.007     

  (n=5)

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
dP<0.05, eP<0.01, fP<0.001Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

            Parameters          

Groups

                Parameters         

 Groups

      Troponin       
(ug/l)     

         LDH         
(u/l)     

        GOT          
(u/l)     

    CK-MB     
(u/l)     

     Troponin      
(ug/l)     

      CK-MB         
(u/l)     

        LDH         
(u/l)      

        GOT         
(u/l)     
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
eP<0.05 ,fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
dP<0.05 eP<0.01,fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig (23): Effect of Taurine (1.1 g/Kg)  on Serum Cardiac Biomarker 
Levels of Irradiated (5Gy) Male Rats with Isoproterenol (85mg/Kg)-

Induced Myocardial Infarction. 
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Fig (24): Effect of Taurine (1.1 g/Kg) on Serum Cardiac 
Biomarker Levels of Irradiated (5x2Gy) Male Rats with 
Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.
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[4]-Blood Total Free Radicals Concentration 

(BTFRC) 
A-Effect of Whole Body Gamma Irradiation or Isoprotrenol on Blood 

Total Free Radicals Concentration of Male Rats: 

        Blood total free radicals concentration significantly increased in rats 

exposed to either single dose (5Gy) or fractionated dose (5x2Gy) of γ-

radiation 3 days after irradiation. Induction of myocardial infarction by 2 

successive doses (85mg/Kg) of s.c injection of ISO resulted in a 

significant increase in blood total free radicals concentration as compared 

to normal control value (Tables 25, 26) and Figs 25, 26).  
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Table (25): Effect of Gamma Irradiation  (5Gy) or Isoproterenol 

(85mg/kg)-Induced Myocardial Infarction on Blood Total Free Radicals 

Concentration (Radical /gx1017) of Male Rats.

Total Free Radicals    
   Concentration       

(Radical x1017)

Control X±S.E.M
      0.65±0.064         

 (n=8)

Irradiated X±S.E.M        1.61c±0.159         

(n=6)

Isoprotrenol X±S.E.M        1.98c±0.17            

(n=6)
Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different as compared to control.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (26): Effect of Fractionated Gamma Irradiation (5x2Gy) or
Isoproterenol (85mg/kg)-Induced Myocardial Infarction on Total
Blood Free Radicals Concentration (Radical/g x1017) of Male Rats.

Total Free Radicals     
  Concentration       

(Radical x1017)

Control X±S.E.M
      0.91±0.07         

(n=6)

Irradiated X±S.E.M      2.05c±0.19        
(n=6)

Isoprotrenol X±S.E.M        2.13c±0.19         
    (n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different as compared to control.
Each value represents the mean of animals (n) in each group ±S.E.M

                        Parameter                    

     Groups

                   Parameter                         

  Groups                   
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Rats were sacrified 24 hours after  Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Fig(25):Effect of Gamma Irradiation (5Gy) or Isoproterenol 
(85mg/Kg) Induced- Myocardial Infarction on Blood Total Free 

Radicals Concentration of 
 Male Rats. 
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Fig(26) :Effect of Fractionated Gamma Irradiation (5x2Gy) or 
Isoproterenol (85mg/Kg)- Induced Myocardial Infarction on   

Blood Total Free Radicals Concentration of Male Rats. 
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B- Effect of Carvedilol on Blood Total Free Radicals Concentration 

(BTFRC) of Irradiated Male Rats with Isoprotrenol Induced 

Myocardial Infarction: 

        As presented in Tables (27, 28) and illustrated in Figs (27, 28) 

radiation exposure delivered as acute dose (5Gy) or as cumulative dose 

(5x2Gy) followed by induction of myocardial infarction [(Irr+ISO) 

group] resulted in a significant increase in blood total free radicals 

concentration. The observed increases were 261% for single dose (5Gy) 

and 225% for fractionated dose as compared to normal control values.  

        Carvedilol  pretreatment showed a protective action on total free 

radicals concentration as it significantly ameliorated the double effect of 

γ- irradiation (5Gy or 5x2Gy) with ISO induced myocardial infarction as 

compared to their respective control (Irr+ISO group)  values (Tables 27, 

28) and (Figs 27, 28). However, the recorded blood total free radicals 

concentration was still significantly higher than that of normal control 

values. 
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Table(27): Effect of Carvedilol (30mg/Kg) on Blood Total Free Radicals
Concentration (Radical/g x1017) of Irradiated (5Gy) Male Rats with

Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

Total Free Radicals   
     Concentration       
   (Radical/g x1017)   

Control X±S.E.M
         0.65±0.64           

 (n=8)

Irr+ISO X±S.E.M       0.92c±0.08            
 (n=6)

       Irr+ISO          
    +Carvedilol X±S.E.M       1.29f±0.33            

(n=6)
Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
fP<0.001Signifcantly different from (Irr+ISO) gruop.
Each value represents the mean of animals (n) in each group ±S.E.M

Table(28): Effect of Carvedilol (30mg/Kg)  on Blood Total Free
Radicals Concentration (Radical/gx1017) of Irradiated (5x2Gy Male 

Rats with Isoproterenol  (85mg/Kg)-Induced Myocardial Infarction.

 Total Free Radicals  
      Concentration      
     (Radical/g x1017)  

Control X±S.E.M
       0.91±0.07            

  (n=6)

Irr +ISO X±S.E.M         2.05c±0.13         
  (n=6)

     Irr+ISO          
+Carvedilol X±S.E.M        1.51a,e ±0.95        

  (n=6)
Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 cP<0.001 Significantly different from control.
eP<0.01Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M

                    Parameter                     

Groups

                       Parameter                     

Groups
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Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05, cP<0.001Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
eP<0.05 ,dP<0.01Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(27):Effect of Carvedilol (30mg/kg)  on Blood Total Free Radicals 
Concentration (Radical/gx1017)of Irradiated (5Gy) Male Rats with 

Isoproterenol (85mg/kg)- Induced Myocardial Infarction.
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Fig(28): Effect of Carvedilol (30m/kg)  on Blood Total Free Radicals 
Concentration (Radical/gx1017) of Irradiated (5x2Gy) Male Rats with 

Isoproterenol (85mg/kg)- Induced Myocardial Infarction.
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C- Effect of Taurine on Blood Total Free Radicals Concentration 

(BTFRC) of Irradiated Male Rats with Isoprotrenol Induced 

Myocardial infarction: 

         As shown in Tables (29, 30) and illustrated in Figs (29, 30) 

radiation exposure delivered as acute dose (5Gy) or as cumulative dose 

(2Gy for 5 successive days) followed by induction of myocardial 

infarction [(Irr+Iso) group] resulted in a significant rise in blood total free 

radicals concentration as compared to normal control values. The 

recorded data as compared to control values were 261% in response to 

single dose (5Gy) and 225% in response to fractionated dose (5x2Gy) of 

γ-irradiation. 

        Taurine pretreatment nearly normalized blood total free radicals 

concentration in rats subjected to double treatment of γ- irradiation (5Gy) 

with induction of myocardial infarction, the observed value was 107.7% 

of its control value. Where as, nearly the same effect was produced in rats 

orally treated with taurine before exposure to fractionated γ- irradiation 

(5x2Gy)with induction of myocardial infarction  as it recorded 158.2% 

with respect to its control value (Tables 29, 30) and (Figs 29, 30). 
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Table (29): Effect of Taurine (1.1g/Kg)  on Blood Total Free
Radicals Concentration (Radical/gx1017) of Irradiated (5Gy) Male 

Rats with Isoproterenol (85mg/Kg-Induced Myocardial Infarction.

Total Free Radicals    
   Concentration      
(Radical/g x1017)     

Control X±S.E.M           0.65±0.064         
   (n=8)

Irr+ISO X±S.E.M        0.92c±0.08            
 (n=6)

         Irr+ISO      
  +Taurine X±S.E.M           0.7f±0.068          

      (n=6)

Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control.
fP<0.001Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M.

Table (30): Effect of Taurine (1.1g/Kg) on  Blood Total Free Radicals
Concentration (Radical/g x1017) of Irradiated (5x2Gy) Male Rats

with Isoproterenol (85mg/Kg)-nduced Myocardial Infarction.

Total Free Radicals     
  Concentration      
(Radical/g x1017)     

Control X±S.E.M         0.91±0.07         
(n=6)

Irr +ISO X±S.E.M       2.05c±0.13            
 (n=6)

        Irr+ISO       
       +Taurine X±S.E.M      1.54a,e±0.11      

(n=6)

Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 cP<0.001 Significantly different from control.
eP<0.01Signifcantly different from (Irr +ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M.

                      Parameter                     

   Group

                    Parameter                       

 Group
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
cP<0.001 Significantly different from control value.
fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 Significantly different from control value.
dP<0.05 ,eP<0.01Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(29):Effect of Taurine (1.1g/kg) on Blood Total Free Radicals 
Concentration (Radicalx1017) of Irradiated (5Gy) Male Rats with 

Isoproterenol (85mg/Kg)- Induced Myocardial Infarction.
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Fig(30):Effect of Taurine (1.1)/kg) on Blood Total Free Radicals 
Concentration (Radical/gx1017) of Irradiated(5x2Gy) Male Rats with 

Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.
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[5]Trace Elements concentration 

Heart Calcium (Ca2+ )and Magnesium (Mg2+) 
  

 

 

A-Effect of Whole Body Gamma Irradiation or Isoprotrenol on 

Heart calcium and magnesium concentrations of Male Rats: 

        Rats exposed to γ-irradiation at a dose level of 5Gy as single dose or 

to 10 Gy fractionated into 2Gy installment for 5 successive days resulted 

in a significant increase in calcium concentration as compared to normal 

animals 3 days post irradiation. Such increase in Ca2+ concentration was 

accompanied by insignificant change in magnesium concentration at both 

doses of irradiation (Tables 31, 32) and Figs 31, 32).  

 Moreover, s.c injection of ISO (85mg/Kg) showed a significant increase 

in calcium concentration only although there was insignificant change in 

magnesium concentration as compared to normal animal group (Tables 

31, 32) and (Figs 31, 32).  
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Table (31): Effect of Gamma Irradiation (5Gy) or Isoproterenol 
(85mg/kg)-Induced Myocardial Infarction on Heart Calcium and
 Magnesium Concentrations  of Irradiated Male Rats.

      Calcium        
(ug/g)

   Magnesium      
(ug/g)

X±S.E.M     134.5±10.5     
(n=6)

      652±40       
(n=8)

X±S.E.M     196a±12   
(n=5)

     724±63       
(n=7)

Isoprotrenol X±S.E.M      189.7a±19.2   
 (n=8)

      542±48         
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP< 0.05 Significantly differentfrom control.
Each value represents the mean of animals (n) in each group ±S.E.M

Table (32): Effect of Fractionated Gamma Irradiation (5x2Gy) or
Isoproterenol (85mg/kg)-Induced Myocardial Infarction on Heart 
Calcium and Magnesium Concentrations of Irradiated Male Rats.

      Calcium        
(ug/g)

   Magnesium      
(ug/g)

X±S.E.M   179.9±17.7      
(n=7)

  618±45         
(n=7)

Irradiated X±S.E.M     276.4b ±26.8    
 (n=5)

    604±31     
(n=5)

Isoprotrenol X±S.E.M   242a±23        
(n=6)

    543±47.7     
(n=6)

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 and bP<0.01 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M

                      Parameters              

     Groups

                  Parameters            

Groups

Control

Control

Irradiated
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Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Rats were sacrified 24 hours after Irr or ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

Fig(31):Effect of Gamma Irradiation (5Gy) or Isoproterenol (85mg/Kg)- 
Induced Myocardial Infarction on Heart Calcium and Magnesium  

Concentrations of Male Rats. 
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Fig(32):Effect of Fractionated Gamma Irradiation (5x2Gy) or 
Isoproterenol (85mg/Kg)- Induced Myocardial Infarction on 
Heart Calcium and Magnesium Concentrations of Male Rats. 
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B- Effect of Carvedilol on Heart calcium and Magnesium 

concentrations of Irradiated Male Rats with Isoprotrenol Induced 

Myocardial Infarction: 

         As presented in Tables (33, 34) and illustrated in Figs (33, 34) 

radiation exposure delivered as acute dose (5Gy) or as cumulative dose 

(5x2Gy) followed by induction of myocardial infarction [(Irr+ISO) 

group] resulted in a significant increase in heart calcium concentration. 

On the contrary, there was insignificant change in magnesium 

concentration as compared to double treatment group [(Irr+ISO group)]. 

Data recorded for the percentage increases in calcium concentration in 

response to single (5Gy) and fractionated dose (5x2Gy) were 150.7% and 

160% respectively as compared to normal control values. 

        Carvedilol (30mg /Kg) treatment prior the exposure of rats to γ- 

radiation (5Gy) followed by induction of myocardial infarction produced 

a significant reduction in calcium concentration nearly to its normal value 

as it reached 106.8%.  Conversely, carvedilol showed insignificant 

change in Ca2+ concentration when injected prior to fractionated γ-

irradiation with ISO as compared to their respective control value (Table 

34) and (Fig 34). In addition, there were insignificant changes in Mg2+ 

concentration at both radiation doses (5GY and 5x2Gy).  
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Table (33) Effect of Carvedilol (30mg/Kg)  on Heart Calcium and
 Magnesium Concentrations of Irradiated  (5Gy) Male Rats with 
Isoproterenol (85mg/Kg)-Induced Myocardial Infarction.

Calcium              
(ug/g)

Magnsium            
         (ug/g)

Control X±S.E.M 134.5±10.5        
(n=6)

652±40            
(n=8)

Irr +ISO X±S.E.M 202.7a±17.1          
   (n=7)

575.4±53.1           
    (n=6)

Irr+ISO          
+Carvedilol

X±S.E.M 143.6d±13.3       
(n=6)

547±53            
(n=6)

Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 Significantly different from control.
dP<0.01 Signifcantly different from (Irr+ISO) group.
Each value represents the mean of animals (n) in each group ±S.E.M.

Table (34): Effect of Carvedilol (30mg/Kg) on Heart Calcium and
Magnesium Concentrations of Irradiated (5x2Gy) Male Rats with 
Isoproterenol (85mg/Kg)- Induced Myocardial Infarction.

Calcium                
     (ug/g)

Magnesium           
        (ug/g)

Control X±S.E.M
180±18            

(n=7)
618±45            

(n=7)

IRR +ISO X±S.E.M 288b±24                
       (n=6)

512.7±32.7           
 (n=6)

Irr+ISO          
+Carvedilol X±S.E.M 267.5a±17.6          

     (n=5)
532±29             

(n=7)
Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons
aP<0.05, bP<0.01 Significantly different from control.
Each value represents the mean of animals (n) in each group ±S.E.M.

                   Parameters                

             Groups

                    Parameters               

          Groups
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 Significantly different from control value.
dP<0.05 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05, bP<0.01Significantly different from control value.
eP<0.05 ,fP<0.001Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig(34):Effect of Carvedilol (30mg/kg) on Heart Calcium and 
Magnesium Concentrations of Irradiated (5x2Gy) Male Rats with 

Isoproterenol -Induced Myocardial Infarction.
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Fig(33):Effect of Carvedilol (30mg/kg) on Heart Calcium and Magnesium 
Concentrations of Irradiated (5Gy) Male Rats  with Isoproterenol- 

Induced Myocardial Infarction.
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C-Effect of Taurine on Heart Calcium and Magnesium Concentrations 

of Irradiated Male Rats with Isoprotrenol Induced Myocardial 

Infarction: 

          Radiation exposure of rats at 5 Gy as single dose or 10Gy  

fractionated  into 2 Gy installment for 5 days followed by two s.c 

injections of ISO (85mg/Kg), resulted in  significant increases in heart 

calcium concentrations as compared to normal control values  (Tables 35, 

36) and (Figs 35, 36). The percentages to control values were 150.2% and 

160% respectively for acute and fractionated dose of γ-irradiation 

However, the same result revealed insignificant changes in magnesium 

concentrations at both γ- irradiation doses as compared to normal control 

values. 

        Orally administration of taurine (1.1g/Kg) before exposure to γ- 

irradiation either acute or fractionated dose and prior to the induction of 

myocardial infarction showed a significant amelioration  in heart calcium 

concentration as compared to double treatment group (Irr+ISO) Table 

(35, 36) and Fig (35, 36). Thus, Taurine pretreatment tend to restore 

calcium concentration to its normal values as the results recorded 98.7% 

and 81. % to control values respectively, for acute and fractionated 

exposure. Furthermore, there was a significant decrease in magnesium 

concentration in rats pretreated with taurine (1.1 mg/Kg) and exposed to 

fractionated γ-irradiation (5x2Gy) followed by induction of myocardial 

infarction as compared to their respective control as it recorded 71.7% to 

normal control value.        
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Table (35) Effect of Taurine (1.1g/Kg)  Heart Calcium and Magnesium
Concentrations of Irradiated  (5Gy) Male Rats with Isoproterenol
(85mg/Kg)-Induced Myocardial Infarction.

Calcium              
(ug/g)

Magnsium            
         (ug/g)

Control X±S.E.M
134.5±10.5        

(n=6)
652±40            

(n=8)

Irr +ISO X±S.E.M 202.7a±17.1          
   (n=7)

575.4±53.1           
    (n=6)

Irr+ISO           
+Taurine X±S.E.M 132.8e±13.58      

(n=6)
642.5±64           

(n=8)
Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
aP<0.05 Significantly different from control.
eP<0.01 Signifcantly different from (Irr+Iso) group.
Each value represents the mean of animals (n) in each group ±S.E.M.

Table (36):  Effect of Taurine (1.1g/Kg) on Heart Calcium and 
Magnesium Concentrations of Irradiated (5x2Gy) Male Rats with 
Isoproterenol (85mg/Kg)- Induced Myocardial Infarction.

Calcium                
     (ug/g)

Magnesium           
        (ug/g)

Control X±S.E.M
180±18            

(n=7)
618±45            

(n=7)

IRR +ISO X±S.E.M 288b±24                
       (n=6)

512.7±32.7           
 (n=6)

Irr+ISO          
+Taurine X±S.E.M 146f±9.4            

(n=6)
443.7b±29             

 (n=7)
Rats were sacrified 24 hours after  ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
 bP<0.01 Significantly different from control.
fP<0.001 Signifcantly different from (Irr+Iso) group.
Each value represents the mean of animals (n) in each group ±S.E.M.

Parameters                                   

              Groups

    Parameters                        

Groups
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Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
 aP<0.05 Significantly different from control value.
eP<0.01 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Rats were sacrified 24 hours after ISO injection. 
ANOVA test was used followed by Bonferroni test for multiple comaprisons.
bP<0.01,  cP<0.001Significantly different from control value.
fP<0.001 Signifcantly different from (Irr+ISO) value.
Each value represents the mean of animals (n) in each group ±S.E.M

Fig. (36) Effect of Taurine (1.1g/kg)  on Heart Calcium and Magnesium 
Concentrations of Irradiated (5x2Gy) Male Rats with Isoproterenol 

(85mg/Kg)-Induced Myocardial Infarction.

0

50

100

150

%
 to

 C
on

tro
l Irr+ISO

Irr+ISO+tau

Calcium Magnesium

f

b

b

Fig.(35) Effect of Taurine (1.1g/kg) on Heart Calcium and Magnesium 
Concentrations of Irradiated (5Gy) Male Rats  with Isoproterenol 

(85mg/Kg)-Induced Myocardial Infarction.
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[6]Chromosomal DNA Profile Analysis of Male Rats Heart 

Tissue on Agarose Gel (Electrophoresis): 
        Figure (37a, b) shows the separation of DNA fragments from heart 

tissue of male rat using electrophoresis technique. 

       As presented in Fig (37-a, b) The DNA profile of the normal samples 

of male rat heart tissue showed two dense sharp bright bands more 

closely spaced (Lane 1, 2).  

        In  Fig (37 a) rats exposed to γ-irradiation(5Gy)  Lane (3) and ISO 

(Lane 4, 5) showed one faint band with slight DNA smear that represents 

fragmentation  of DNA after completion of electrophoresis, as well as 

samples subjected to double treatment of γ- irradiation (5Gy) with Iso 

(Lane 6, 7) as it showed very faint DNA bands with smear .  The same 

results were shown in rats exposed to fractionated dose of 5x2Gy (Fig 37 

b). The difference in the brightness and dense between bands of treated 

sample either by radiation (5 or 5x2Gy) or Iso and normal control sample 

gives an idea about DNA fragmentation, difference in the optical density 

and amount of DNA isolated. 

        Carvedilol treatment prior to γ-irradiation (5 or 5x2Gy) and Iso 

injection resulted in reappearance of dense bright bands of DNA after 

completion of electrophoresis which are approximately as normal control 

bands (Lane 8, 9) Figs (37 a, b).  

        Taurine administration prior to induction of the model of experiment 

either single or fractionated dose showed difference in dense and 

brightness of the separated bands (10, 11)  as compared to those bands of  

γ-irradiation with Iso (6,7) Fig 37 (a,b). Taurine effect was more 

pronounced in the fractionated model of experiment.   
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Fig (37-a) Gel electrophoresis of DNA in heart tissue (Single model): 
Lane 1, 2: Heart DNA of normal control rat. 
Lane 3: Heart DNA of Irr (5Gy) rat. 
Lane 4, 5: Heart DNA of rat injected with ISO (85mg/Kg). 
Lane 6,7: Heart DNA of rat subjected to double treatment of (Irr 5Gy+ISO)  
Lane 8,9: Heart DNA Irr (5Gy) infracted rat and pretreated with Car.   
Lane 10,11: Heart DNA Irr (5Gy) infracted rat and pretreated with Taur.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (37-b) Gel electrophoresis of DNA in heart tissue (Fractionated 
Model): 
Lane 1, 2: Heart DNA of normal rat. 
Lane 3, 4: Heart DNA of fractionted γ- irradiated (5x2Gy) rat. 
Lane 5,: Heart DNA of injected with ISO. 
Lane 6, 7: Heart DNA of rat subjected to double treatment of(Irr 5x2Gy+ ISO). 
Lane 8, 9: Heart DNA of  of Irr (5x2Gy) infracted rat and pretreated with Car.   
Lane 10, 11: Heart DNA of Irr (5x2Gy) infracted rat and pretreated with Taur.   
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[7]-Histological Examination of the Heart: 

          The normal structure of untreated male heart rat showed normal 

architecture. Thus, cardiac muscle of control showed longitudinally oriented 

fibers with central nuclei [Fig 38a & b].Whereas, the vessels are seen lined 

by flat endothelial cells (??) [Fig 38b].                               
 
 

      
                            (a)                                                                 (b) 
       
 
Fig [38a]: Photomicrograph sections in cardiac muscle of control male rat showing normal 
structure of the cardiac muscles (H&E stain Fig a) x200. (Fig 38 b): High magnification of the 
cardiac muscle of control male rat, normal nuclei was seen (?N). 
(H&E stain) x400.       
 
  

1-Effect of Whole Body Gamma Irradiation on Heart Tissue: 
      

A-Whole Body Gamma Exposure at a single dose (5 Gy): 

Heart tissue of irradiated (5Gy) male rat revealed separated degenerated 

cardiac muscle fibers (?) with hemorrhage (?H) [Fig: 39a], congestion of 

blood capillaries (?c) and monocellular infiltration (??) [Fig: 39 b]. 
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Discussion 

        Results of the present study revealed that whole body γ-irradiation as 

a single dose (5Gy) of rats did not significantly change the heart size at the 

time of experiment. However, rats exposed to cumulative dose (5x2Gy) of 

γ-irradiation showed a significant increase in weight ratio as compared to 

control values. This increase in heart weight may be explained by the study 

of Chello et al., (1996). They reported that ionizing radiation caused an 

increase in the concentration of collagen. Hasslacher et al., (1987) stated 

that there was a positive correlation between the increase in collagen 

content and heart weight. 

       The present results have demonstrated that whole body γ- exposure of 

rats to a single dose (5Gy) showed a significant increase in serum levels of 

cholesterol, triglyceride, VLDL. Moreover, there was an increase in the 

serum cholesterol, LDL levels in rats exposed to fractionated dose. These 

lipid alterations were accompanied by a decrease in HDL level. Gamma-

irradiation resulted as well in an increase in risk factor parallel with 

significant elevation of the athrogenic index. 

        These finding confirmed by previous authors reporting that 

ionizing radiation can induce hyperlipidemia, hypertriglyceridemia as well 

as hypercholesterolemia (Hassan & El-Gawish, 1996 and Hassan & El-

Sayed, 2003). Furthermore, another investigator accounted for comparable 

data at different doses. They stated an augmentation of serum cholesterol 

and triglyceride after irradiation whether this irradiation applied as single 

or fractionated dose (Fuergard et al., 1998; Hanna &Ali, 2002; El-

Missiry et al., 2006; Mansour 2006 and Ramadan, 2007). In addition, 

Hanna & Ali (2002) and El-Missiry et al., (2006) reported a significant 

increase in rat serum LDL accompanied by a decrease in HDL post 



 116

exposure to 2, 4 and 6 Gy of γ- irradiation. Nevertheless, Mansour (2006) 

reported an increase in serum HDL after 24 hrs post exposure to 6 Gy. 

Whereas, Pote et al., (2006) reported an increase in both risk factor as well 

as the athrogenic index of irradiated rats.  

An explanation of the increase in cholesterol level was given by 

Feugard et al., (1998) who reported that γ-irradiation increase the activity 

of hydroxymethyl glutaryl CO-A (HMG-COA) the rate limiting enzyme 

for cholesterol synthesis with the decrease in the activity of cholesterol-7-

alpha hydroxylase the rate limiting enzyme of bile synthesis from 

cholesterol. The susceptibility of LDL to oxidation was also increased 

when animals exposed to radiation. It seems that there is an association 

between radiations induced oxidative stress and elevated levels of lipid 

fractions and LDL (El-Missiry et al., 2006). Consequently, ionizing 

radiation induced oxidative stress might altered hepatic lipid metabolism 

and serum lipoproteins. 

       The increase in triglyceride may be due to the fact that γ-irradiation 

inhibits the activity of lipoprotein lipase, an enzyme that hydrolyzes 

triglyceride in the peripheral tissues (Hanna and Ali, 2002). Similarly, 

VLDL is expected to be elevated due to the increase in triglyceride 

(Hanna and Ali, 2002).  

         It could be speculated that high levels of cholesterol, particularly 

LDL, accumulated in the endothelial space of arteries and the oxidized 

form of LDL, which is highly athrogenic and toxic to vascular cells leads 

to a variety of serious diseases such as arthrosclerosis, diabetes and 

hypertension (Catapano et al., 2000). Consequently, the demonstrated 

lipid profile alterations following radiation exposure in our study may 

contribute to vascular damage. 

        These increases in lipid fraction levels are accompanied by elevated 
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activities of serum cardiac enzymes (GOT, LDH and CK-MB) of rats γ-

irradiated at single (5Gy) and fractionated (5x2Gy) dose. These increases 

were nearly the same in both groups. A similar increase was observed in 

rats exposed to different dose levels of γ-radiation (Ramadan, 2003 and 

Gharib, 2006). Additionally, Przybszewski and Widel (1996) stated that 

Local exposure of rat hearts to 20 Gy given as single dose or fractionated 

(4x5Gy) showed an increase in serum CK-MB as well as in plasma 

(Guėguen et al., 2008). In contrast to our results, Liu et al., (2008), 

reported insignificant change in serum CK-MB in rat locally irradiated 

with 20 Gy γ- rays as well as Kozak et al., (2008) who observed 

insignificant change in serum CK-MB of Patients undergoing radiotherapy. 

The increase in serum levels of cardiac enzymes could be due to 

liver and heart damage induced by free radicals generated after radiation 

exposure that alter the permeability of membranes  allowing leakage of 

biological active material out of injured cell (Mac   William   & 

Bhakithan, 1976).  

Creatine kinase isoenzyme is found in cells with intermittently high 

energy requirement, mainly muscles (Wallimann, 1994), while AST and 

LDH are found in the cells of almost all body tissues, when diseases or 

injuries affect these tissues, particularly heart. These enzymes are released 

into blood stream.  

Serum Troponin level in rats exposed to whole-body γ-irradiation as 

single (5Gy) or fractionated (5x2 Gy) dose showed a significant increase. 

Similar increase was recorded in rats locally irradiated with 20 Gy γ-rays 

(Liu et al., 2008).  

Certain elements play an essential role in a number of biological 

processes through their action as activators or inhibitors of enzymatic 

reactions, by competing with other element and protein for binding sites, 
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by influencing the permeability of cell membrane or through other 

mechanisms (Hassan et al., 2005). The physiological functions of Ca2+ 

include regulation of permeability and electrical properties of excitable 

membrane, contractile process of muscle and transmission of nerve 

impulse; it also maintained normal excitability of the heart. On the other 

hand Mg2+ probably has important function in carbohydrate metabolism 

and represents one of the activator forming the enzymes of the glycolytic 

system. Consequently, radiation injury to living biological tissues is 

usually characterized by changes in membrane permeability, which 

accompanied with corresponding alteration in the essential trace elements 

contents in heart tissue which may be associated with specific structural, 

biochemical or physiological abnormalities.  

        In the present study, results showed a significant increase in calcium 

concentration in heart tissue of rats exposed to single (5Gy) or fractionated 

(5x2Gy) dose of γ-rays. This finding is in consistent with the observation 

of many investigators using different doses and tissues. Several 

investigators as Smythe et al., (1982);  Hassan et al., (2005) and Claro et 

al., (2008) observed significant increase in calcium concentration in heart, 

lung, liver, spleen and intestine after exposure to γ-irradiation. On the 

contrary, Kotb et al., (1990) revealed a reduction in Ca2+ level in spleen, 

heart and kidney 24 h after irradiation.  

        It appears that the main cause of the high concentration of Ca2+ in the 

cell was the leakage of Ca2+ from the sarcoplasmic reticulum due to 

damage of myofilament by γ-irradiation (Claro et al., 2008). γ- irradiation 

causes damage to membrane lipids and proteins such as ion channels, 

leading to increased permeability to Ca2+, which in turn can cause further 

damage in the cell (Eder et al., 2004). The sarcoplasmic reticulum is a key 

player in the regulation of intracellular Ca2+ because of its ability to take 
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up and to release Ca2+. This release causes the opening of store-operated 

Ca2+ channels  in the cell membrane, allowing the influx of Ca2+ (Parekh 

&Putney, 2005 and Boyce &Yuan, 2006 ).  

 In the present study, rats exposed to a single dose (5Gy) or 

cumulative dose (5x2Gy) of γ-rays resulted in an insignificant change in 

magnesium level in heart. These results were supported by the study of 

Cengiz et al., (2003) who reported that total body irradiation of rats at a 

dose of 5 Gy showed insignificant change in Mg2+ concentration in heart 

tissue. In contrast to our study Yukawa et al., (1980); Smythe et al., 

(1982) and Hassan et al., (2005) reported a significant increase in Mg2+   

concentration in heart, liver, spleen, lung and intestine tissues. On the other 

hand, Fahim (2005) reported a reduction in the level of Mg2+ in heart 

tissue of rats irradiated at the dose levels of 2 and 5Gy. 

        The results of our study revealed that rats irradiated with either single 

(5Gy) or fractionated (5x2Gy) dose of γ-radiation induced DNA 

fragmentation in heart tissue. This result is in accordance with the finding 

of Gandhi & Nair (2005). They indicated that DNA fragmentation may be 

attributed to the free radicals produced by ionizing radiation. These free 

radicals can interact with the DNA causing damage to DNA bases 

(Halliwell, 1999 and Ames, 2001). Therefore, the destruction of DNA by 

radiation occurs due to interaction of free radicals with DNA bases and to 

lesser extent, with DNA sugar. Among bases, guanine is the most 

susceptible DNA target that interacts with OH˙ and other free radicals that 

form 8-hydroxyguanine. The interaction of free radicals with sugar 

moieties leads to cleavage of the sugar phosphate backbone of DNA 

followed by single strand breaks (Geng et al., 1999). In addition ionizing 

radiation causes Ca2+ over load in myofilament leading to stress 
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sarcoplasmic reticulum which in turn promotes apoptosis. The stressed 

sarcoplasmic reticulum can activate caspase 12 (Nakagawa et al., 2000), 

which is released from the sarcoplasmic reticulum to the cytosol, where it 

binds procaspase 9 to initiate apoptosis (Zhang & Armstrong 2007).   

        Free radicals generation with consequent lipid peroxidation has been 

demonstrated following both radiation doses (Ward, 1975). They are often 

estimated indirectly by their end product or gene related product due to its 

short half lives (Hirayama et al., 2003). The only technique that can detect 

free radicals directly is electron spin resonance (ESR). It detects the 

presence of only stable free radical and so a trapping agent is needed to 

form stable radicals (Halliwell & Whiteman, 2004), or to use 

lypholization method as in the present work (Heckly, 1976).  

       E.S.R technique was used in our study to detect blood total free 

radicals. The results have demonstrated that rats exposed to a single (5Gy) 

or fractionated (5x2Gy) dose showed a significant increase in blood total 

free radicals concentration. In agreement with our finding, previous study 

have reported that γ-irradiation generates free radicals following the 

ionization of biological molecules (Kiefer, 1990). It manifests its toxicity 

via free radicals from water radiolysis (Mclennan et al., 1980 and 

Feurgard et al., 1998). The basis of radiation lethality is the generation of 

hydroxyl radicals, which are responsible for most of the indirect radiation 

damage that affects cell survival (Kachur et al., 1998).    

        In the present study histopathological investigation of heart tissue 

revealed that rats subjected to whole body γ-irradiation either single or 

fractionated doses (5Gy or 5x2G) showed structural alterations in heart 

tissue as evident by separated cardiac muscle fibers,  hemorrhage, 

congestion of blood capillaries as well as interrupted and degenerated 

cardiac muscle. These results are completely correlates with the previously 
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tested parameters which reflected severe radiation damage to heart tissue. 

        From the clinical point of view (radiotherapy), fractionations of the 

radiation dose offer a better therapeutic window, with respect to 

effectiveness and undesired side effects. Therefore, this study made use of 

a single dose of 5Gy compared with the fractionated schedules of 5 

fractions applied as 2Gy /day. 

        Results of the current study indicated that exposure of rats to single 

shut dose of γ-radiation (5Gy) exhibited nearly the same pattern of effects 

induced by exposing them to fractionated (5x2Gy) dose on all the tested 

parameters. This could be explained in view of the fact that the relative 

biological effectiveness of a single high dose of radiation is equivalent to 

2.5 times that of a fractionated dose.  

        Rats injected S.C with isoproterenol caused enlargement of the heart 

size as evident by a significant increase in HW/BW ratio as compared to 

control value. This result is in agreement with Gayathri et al., (2002); 

Nirmala & Puvanakrishnan (2004) and Chauhan, (2005) they state that 

rat injected with ISO s.c showed significant increase in heart weight 

accompanied by decrease in body weight. This increase in HW/BW ratio 

by ISO injection may be due to that ISO augmented the proliferation of 

non-contractile protein collagen in heart muscle (Kumar & Sharma, 

2007).  

        In the present study, rats injected with ISO showed a significant 

increase in serum cholesterol, triglyceride, LDL, VLDL, risk factor and 

athrogenic index accompanied by decrease in HDL. These results are in 

accordance with previous studies in serum (Halade & Juvekar, 2006 and 

Raju et al., 2008), as well as in cardiac tissue and plasma (Yogeeta, 2006 

and Sivakumar et al., 2007). The obtained results could be explained by 

the work of Mary et al., (2008) who reported that ISO activate β receptor 
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in adipose tissue and resulted in breaking down the fat stored inside them 

causing mobilization of free fatty acids in blood stream. The excess free 

fatty acids may be used for the synthesis of triglyceride, resulting in 

hypertriglyceridemia (Sangeetha & Quine, 2006). Another explanation is 

that ISO decrease the activity of lipoprotein lipase resulting in decreased 

uptake of triglycerides from circulation (Halade & Juvekar 2006). 

       Our results further indicated that rats injected with ISO exhibited a 

significant increase in the activity of serum cardiac biomarkers (GOT, 

LDH, CK-MB and troponin). These increases are in harmony with 

previous studies either in serum (Acikel et al., 2003; Assiri et al., 2003; 

Karthikeyan, et al., 2007; Rajadurai & prince, 2007; York et al., 2007 

Nandave et al., 2007 and Raju et al., 2008), in plasma (Ganesan et al., 

2007) or in heart tissue (Sivakumar et al., 2007). Conversely to our 

results, Nandavec et al., (2007) reported a decrease in serum LDH and 

CK-MB after injection of ISO. The increase in cardiac biomarkers in 

serum is an indication of the severity of ISO-induced damage to the 

myocardial membrane (Sathish et al., 2002). Moreover, LDH and CK-MB 

are cytosolic enzymes and are sensitive markers of ischemic myocyte 

injury (Deodato et al., 1999).  

        Rats injected with ISO showed a significant increase in the level of 

calcium content in heart tissue. This result is in agreement with the work of 

Saetersdal., et al., (1981) and Namikawa et al., (1991). They 

demonstrated an increase in Ca2+ content in rat myocardium 30 minute 

after injection with ISO. Such increase in the heart calcium concentration 

may be attributed to that ISO generate free radicals by oxidation of 

xanthine dehydrogenase to xanthine oxidase producing superoxide ions 

(Chander et al., 2003). It also suppress the activity of anti-oxidative 

enzymes and consequently augment oxidative stress (Jin et al., 2007) 
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leading to peroxidation of membrane lipids, thus altering the permeability 

of cellular membranes as well as, oxidation of SH-groups of enzymatic 

proteins, like Ca+2 ATPase and Na+ –K+ ATPase.  Change in membrane 

permeability and inactivation of enzymatic proteins leads to excessive 

influx and diminished efflux of calcium resultant into intracellular calcium 

overload which in turn leads to depletion of high-energy phosphate stores 

and impairment of mitochondrial function (Diaz-Munoz et al., 2006).      

        The present study revealed insignificant change in magnesium 

concentration in heart tissue of rats after injection with ISO. This result is 

in accordance with the finding of Saetersdal, et al., (1981) who reported 

that Mg2+ concentration was unaffected by single dose of ISO 24 hour after 

injection.  Nevertheless, there was a significant increase in Mg2+ level 

when ISO was injected every 12 hours for 48 hours. 

        In the present study agarose gel electrophoresis technique showed 

DNA fragmentation after S.C injection of rats with ISO. Our result is 

supported by Geng et al., (1999), who reported, DNA fragmentation in the 

myocytes. This could be explained by Coudhsry et al., (2006) who 

reported that ISO leads to oxidative stress that evident by the increase in 

ROS and by the activation of antioxidant enzyme. It has been also reported 

that ISO elevates the level of cAMP (Anderson & Welsh 1990) associated 

with an increase in expression of both Fas and FasL proteins and activation 

of caspase-3 that induce apoptosis (Romeo, 2000). Apoptosis is an active 

gene directed process of cell death controlled by proapoptotic gene such as 

Fas which is a member of tumor necrosis factor receptor family (Nagata & 

Goldenstein 1995) and antiapoptotic genes such as bcl-2 (Reed et al., 

1996).  

                Rats injected with ISO S.c revealed a significant increase in 

blood total free radicals concentration. Several investigators reported 
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similar results with different doses and species, in rats (Chander et al., 

2003 and Ganesan et al., 2007), in dogs Jin et al., (2007). They explained 

the increase in free radicals production by ISO to the increase in xanthine 

oxidase activity that produced O2- as well as, inhibition of antioxidant 

enzymes including SOD, CAT and GSHPX (Ganessan et al., 2007 and 

Jin et al., 2007). 

        Histopathological examination of rats injected s.c with ISO 

demonstrated several pathological changes including acidophilic fibers, 

small deeply stained nuclei in addition to the presence of lymphocytic 

infiltration as well as fragmented and degenerated cardiac muscle fiber 

with pyknosis of the nuclei. The results are in full agreement with the 

results of the other tested parameters and indicated that ISO treatment 

induced myocardial infarction of rats. Our study was supported by the 

finding of El- Demerdash et al., (2005). They reported that ISO induced 

severe pathological changes including lymphocytic infiltration, 

hemorrhage and degeneration.   

            In this study, the combination of irradiation (Irr) (either single or 

fractionated) and ISO induced marked elevation in HW/BW ratio, serum 

lipid levels and cardiac biomarkers with decrease in HDL level. These 

alterations of lipid profile and cardiac biomarkers were accompanied by 

the generation of free radicals, DNA fragmentation and increase in the 

level of Ca2+ content in heart tissue. While it showed insignificant change 

in Mg+ level in heart tissue. The alteration in all measured parameters was 

more pronounced in rats subjected to combined treatment than that 

observed in each model alone.  

        In our results induction of myocardial infarction in irradiated rats 

(either 5Gy or 5x2Gy) showed structural abnormalities of heart tissue 

which were much more severe than that produced by either ISO or γ-
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irradiation alone. These abnormalities included separated cardiac muscle 

fibers interrupted with deeply stained pyknotic nuclei and congestion of 

blood capillaries.    

        Carvedilol, is a α, ß-adrenoreceptor antagonist and a potent 

antioxidant, produces a high degree of cardio-protection in a variety of 

experimental model of ischemic cardiac injury (Yue, 1992 and 

Spallarossa et al., 2004). Recent clinical studies in patients with heart 

failure have demonstrated that carvedilol reduces morbidity and mortality. 

The present study was designed to explore the protective effect of 

carvedilol in irradiated myocardial infarction rat model.   

        Carvedilol produced a significant reduction in the enlarged heart size 

by restoration of the measured ratio of HW/BW up to their normal level of 

rats subjected to combined treatment of γ-irradiation (acute or fractionated 

dose) followed by 2 successive doses of ISO (s.c) as compared to their 

corresponding control. Our result is on line with the study of Watanabe et 

al., (2000). They found that low-dose of carvedilol reduced HW, heart size 

and myocardial fibrosis in rat model of cardiomyopathy. In addition 

carvedilol was reported to attenuate the increase in HW/BW in rat model 

of myocardial infarction (Wei et al., 2000). The attenuation of HW/BW 

after administration of carvedilol might be attributed to the reduction of 

collagen content in muscles due to the inhibitory effect of carvedilol on the 

concentration of hydroxyproline which play an important role in collagen 

synthesis (Wei et al., 2000 ).                      

        Administration of carvedilol before exposure of rats to γ-irradiation 

either single (5Gy) or fractionated (5x2GY) and injected with ISO exerted 

a significant improvement in the tested lipid profile including; triglyceride, 

VLDL and risk factor. In addition our results showed a significant 

improvement in HDL level in rat model of 5Gy γ-radiations. Furthermore, 
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administration of carvedilol prior to exposure to 5x2Gy and subsequently 

injected with ISO improved LDL level. Even so carvedilol failed to restore 

the levels of cholesterol and athrogenic index in both models of γ-

radiations doses to their normal levels. These results were on line with the 

work of Seguchi et al., (1990). They stated that carvedilol had beneficial 

effects on lipid metabolism. In hypertensive patients carvedilol has been 

shown to decrease triglyceride level (Giugliano, 1997). An explanation 

was given by Cleland (1996) who noted that Carvedilol inhibits the 

generation of oxygen free radicals that might alter hepatic lipid 

metabolism, serum lipoproteins and prevents LDL oxidation, which, in 

turn, reduces the uptake of LDL into the coronary vasculature.  

        In our results, carvedilol pretreatment nearly restored the activities of 

cardiac enzymes LDH, GOT and CK-MB to its normal values. 

Furthermore our results revealed a significant conservative effect of 

Carvedilol on serum troponin levels when injected prior to double 

treatment of either acute or fractionated exposure of γ-irradiation followed 

by ISO injections. It could be concluded that carvedilol as a protector tend 

to nearly normalize the effect of both γ-irradiations (acute and 

fractionated) and ISO induced myocardial infarction on serum troponin 

level. The cardioprotective effect of carvedilol against γ-irradiation and 

ISO may results from the combined effects of adrenoreceptor blockade, 

vasodilatation and antioxidant effects.    

        Carvedilol as a beta blocker competitively inhibit the binding of 

endogenous catecholamines to beta1-adrenoceptors in the heart resulting in 

decreasing heart rate, myocardial contractility; reduce myocardial 

workload and oxygen consumption at rest as well as during periods of 

exertion or stress (O׳ Rourke, 2007). Furtheremore, carvedilol inhibit 

intracellular calcium overload in cardiac cells resulting from antagonism of 
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myocardial α1- adrenoreceptors (Bril et al., 1992). 

        It was also reported that carvedilol scavenges free radicals and 

inhibits superoxide ion release resulting in a decrease in the activity of 

myeloperoxidase; an index of neutophils accumulation (Gao et al., 2000). 

        Carvedilol pretreatment showed a partial protective action on total 

blood free radicals concentration as it significantly ameliorated the double 

treatment effect of both doses of γ-irradiation with ISO. Although, the 

recorded blood total free radicals concentration was still higher than that of 

normal control values. Our result was supported by the findings of other 

investigators. Yue et al., (1992) and Huang et al., (2006) noted that 

carvedilol reduced the level of MDA in normal and diabetic rats. This may 

be attributed to the antioxidant effect of carvedilol due to the presences of 

carbazole moiety which is primarily responsible for antioxidant activity 

(Stolc 1999). Carvedilol scavenge free radicals and inhibited lipid 

peroxidation in ventricular membrane and rat brain homogenates (Yue et 

al., 1992). Furtheremore, carvedilol has been shown to preserve the 

endogenous antioxidant system i.e. vitamin E and reduced glutathione 

which are normally consumed when tissues or cells are exposed to 

oxidative stress (Lysko et al., 1995 and Feuerstein et al., 1997).         

        Carvedilol treatment prior the exposure of rats to γ-radiation (5Gy) 

followed by induction of myocardial infarction produced a significant 

reduction in Ca2+ concentration nearly to its normal value Conversely, 

carvedilol failed to protect Ca2+ concentration when injected prior to 

fractionated γ-irradiation with ISO as compared to their respective control. 

In addition, there were insignificant changes in Mg+ concentration in heart 

rat when pretreated with carvedilol before exposure to γ-irradiation (5GY 

and 5x2Gy) and ISO. Our finding is supported by the study of previous 

investigators. They stated that carvedilol ameliorates cytosolic and 
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mitochondrial calcium overload (Norimichi et al., 2005 and Wang, et al., 

2005). This amelioration of calcium over load by carvedilol may be 

attributed to its antioxidant effect that attenuated hydrogen peroxide-

mediated decrease in sarcoplasmic reticulum Ca2+ ATPase (SERCA) 

mRNA which is responsible for the transfer of Ca2+ from the cytosol of the 

cell to the lumen of SR during muscle relaxation. In addition carvedilol 

itself significantly enhanced SERCA gene transcription (Norimichi et al., 

2005). The restoration of SERCA gene expression may be a mechanism of 

its beneficial effects on cardiac function.  

        Carvedilol showed a protective effect against the double treatment of 

gamma irradiation (single and fractionated) and ISO due to inhibition of 

apoptosis as it shows no DNA fragmentation band in agarose gel 

electrophoresis technique. Our finding is supported by the study of Lee et 

al., (2005). They found that carvedilol significantly reduced DNA damage 

in hypertensive patients. Carvedilol has an inhibitory effect on ROS 

generation by leukocyte as well as on oxidative DNA damage in human 

(Donadona et al., 2000).    Romeo et al., (2000) reported that Carvedilol 

completely blocked epinephrine-induced activation of caspases-3 which is 

a critical signal transduction pathway in catecholamine-mediated 

apoptosis. Therefore, carvedilol inhibited apoptosis. Another explanation is 

that carvedilol protect DNA fragmentation by its antioxidant mechanism 

via inhibition of rennin release. Activation of rennin angiotensin П, has 

been proposed as a mediator of NAD(P)H oxidase activation and ROS 

production (Touyz, 2004). ROS production leads to oxidation of sugar and 

bases moiety (Lee et al., 2005).            

          In this study taurine partially restored the enlarged size of the heart 

nearly to its normal level. Since it showed a significant reduction in 

(HW/BW)) ratio of rats subjected to combined treatment of γ-irradiation 
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(acute or fractionated dose) with ISO (s.c).  

        In addition taurine ameliorated lipid profile. It resulted in a decrease in 

the levels of cholesterol, triglyceride, LDL, VLDL, and risk factor 

accompanied by increase in HDL level. This finding is in consistent with 

the observation of many investigators using different species. They reported 

that Taurine has a beneficial effect on a number of markers of 

atherosclerosis in animal models, in which it improved cholesterol levels by 

decreaseing LDL, total cholesterol and by increasing HDL levels in 

hyperlipidemic rabbits (Balkan et al., 2002), rats (Yokogoshi & Oda, 2002 

and Choi, 2006) and mice (Matsushima et al., 2003). Furthermore, 

significant reduction in rat blood triglyceride, LDL, VLDL levels and 

improvement in athrogenic index by taurine supplementation was reported 

by (You & Chang 1998; Murakami et al., 1999; Choi, 2006 and 

Yanagita et al., 2008).  

        An explanation of the hypolipidemic effect of taurine may be 

attributed to that taurine reduced the secretion of apolipoproteinB100 and 

lipids (Yanagita, et al., 2008). High concentration of serum lipids and 

apolipoproteinB100 (essential structural component of VLDL and LDL) are 

major risk factors of atherosclerosis and coronary heart disease (Yanagita 

et al., 2008). In addition taurine reduced the LDL receptor (LDLR) which 

mediates the endocytosis of cholesterol-rich LDL. The up-regulation of 

LDLR activity may be involved in the hypocholestremic effect of taurine 

(Kishida et al., 2003).  

        The antiatherogenic effects of taurine may be due to that taurine 

prevents the decrease in expression and secretion of extracellular 

superoxide dismutase induced by homocysteine which is independent risk 

factor for atherosclerosis in the coronary, cerebral, and peripheral 

vasculature (Eikelboom et al., 1999). It is thought to cause oxidative stress 
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to blood vessels, because it yields superoxide and hydrogen peroxidase by 

auto-oxidation (Hogg, 1999). In addition, homocysteine was shown to 

reduce the expression of glutathione peroxidase, an antioxidant enzyme 

expressed in endothelial cells, thereby causing the accumulation of its 

oxidative byproducts (Nonaka et al., 2001).  

        In this study taurine nearly normalized the effect of double treatment 

of γ-irradiation either acute (5Gy) or fractionated (5x2Gy) dose with ISO on 

cardiac enzyme (LDH, GOT and CK-MB) activities. In addition taurine 

pretreatment of irradiated rats (5Gy) failed to restore the troponin level of 

rats exposed to acute dose of γ-irradiation with ISO. Even though, taurine as 

a protective agent almost neutralized serum troponin level of fractionated 

irradiated rats with ISO induced myocardial infarction. This finding is in 

consistent with the observation of other investigators. They stated that 

taurine prevented the acetaminophen and ISO induced an increase in the 

level of GOT, LDH and CK in rat model (Waters et al., 2001 and Shiny et 

al., 2005). Taurine reduced the level of cardiac biomarkers by membrane 

stabilizing action (Redmond et al., 1998) via modulating intercellular 

calcium levels, regulating osmotic pressure, inhibit phosphorylation of 

membrane protein and prevent lipid peroxidation (Timbrell et al., 1995).  

        Our results revealed that orally administration of taurine before 

exposure to γ- irradiation either acute or fractionated dose and prior to ISO 

injection tend to restore calcium concentration to its normal values.  

Furthermore, there was a significant decrease in magnesium concentration 

in rats pretreated with taurine and exposed to fractionated γ-irradiation 

followed by ISO injection.  Our result is supported by the study of Faili et 

al., (1992) and Chapman et al., (1993). They found that taurine prevent 

cellular calcium overload during ischemia and exposure to catecholamines. 

Taurine enhance the susceptibility of the contractile proteins to Ca2+ and 
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Ca2+ reuptake to sarcoplasmic reticulum (Steel et al., 1990). The protective 

action would be due to decrease in severity of Ca2+ overload by means of 

modulation of ion channels and exchange system leading to efflux of Ca2+  

(Satoh & Sperelakis 1998). Taurine decrease Ca2+ overload not only by 

affecting the activity of key ion transporters (Na+/ Ca2+ exchanger) but also 

by improving the osmotic balance which altered the flux of Ca2+ (Schaffer 

et al., 2000). In addition taurine protects membrane lipids from peroxidation 

by scavenging free radical (Hanna et al., 2004).  

        Taurine pretreatment nearly normalized blood total free radicals 

concentration in rats subjected to double treatment of γ-irradiation (5Gy) 

with induction of myocardial infarction. Where as, partially attenuation of 

free radicals concentration was produced in rats orally treated with taurine 

before exposure to fractionated irradiation (5x2Gy) with ISO injection. In 

this view (Gűrer et al., 2001 and Shiny et al., 2005) they revealed that, 

taurine decrease the level of lipid peroxidation in heart tissue against lead 

and ISO induced oxidative stress. Taurine can also react directly with a 

variety of cytotoxic aldehydes, including MAD, suggesting that the 

protective effects of taurine on heart function may also be related to 

lowering of aldehyde levels (Ohta et al., 1988). Similarly, Balkan et al., 

(2002) found that taurine improved the status of the antioxidant defenses by 

elevating the levels of vitamin E and increasing the activity of glutathione 

peroxides. Another explanation, that taurine restore the secretion and 

expression of extracellular superoxide dismutase (EC-SOD) by ameliorating 

the endoplasmic reticulum stress. EC-SOD is a glycoprotein secreted from 

vascular smooth muscle cells that protect the vascular wall and inhibiting 

athrogenesis (Nonaka et al., 2001).   

        Taurine showed a partial protective effect against the double treatment 

of gamma irradiation (fractionated) and ISO as it still shows DNA 
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fragmentation band in agarose gel electrophoresis. Roysommuti et al., 

(2003) reported that taurine significantly inhibits Fas-induced DNA 

fragmentation and apoptotic cell shrinkage. Although taurine loading dose 

not prevent some of the early apoptotic events, such as initiation of the 

apoptotic cascade it can prevent the apoptotic cascade from proceeding 

beyond the cell shrinkage step.           

           In the present study carvedilol as well as taurine pretreatment of 

irradiated (5Gy or 5x2 Gy) rat with ISO induced myocardial infarction 

produced nearly the same effect. Consequently they showed normal cardiac 

muscle fibers with narrow intercellular spaces. Furthermore, healthy nuclei 

were seen. Our finding gives further evidence that results of the chosen 

parameters run in parallel with the histopathological finding. Therefore, this 

study demonstrates a remarkable radioprotective effect of carvedilol and 

taurine in myocardial infarction.  
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Summary and conclusion 

        Radiation exposure of living organisms is known to produce many 

harmful effects in biological systems due to generation of free radicals. The 

radiation exposure induced cardiovascular injury represents a major cause 

of morbidity and mortality in cancer patients undergoing thoracic 

radiotherapy in. In view of radiosensitivity of the heart, it has been a target 

of special care in radiation exposure syndrome. 

        In this study, an experimental model of acute myocardial infarction 

has been be reproduced in rats, by S.C. injection of ISO (85mg/Kg) for 2 

successive days. The conservative effects of the selected antioxidant 

“Taurine’’ and ß-adrenergic blocking agent “carvedilol” against this model 

of experiment were investigated in irradiated rats. The parameters studied 

included evaluation of the biochemical alterations, levels of blood total 

free radicals the significant role of both the (Ca2+, Mg2+) elements besides 

detection of the heart size enlargement through estimation of HW/BW 

ratio determination as well as, histopathological examination of heart 

tissue.   

        Male albino rats weighing 180-210 gm have been used. Irradiation of 

animals was performed using Gamma cell 40 which is a cesium -137 

irradiation unit operating at a dose rate of 0.75 Gy/Sec. at the time of 

experimentation. 

       Animals under investigation were divided into different groups: 

normal control, control irradiated (single 5 Gy or fractionated 5x2Gy), 

myocardial infracted group injected with ISO, combined treatment with Irr 

(5Gy or 5x2Gy) and ISO induced myocardial infarction, two          

Pretreatment groups of irradiated myocardial infracted rats with either 

carvedilol or taurine. The most important findings of the present study can 
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be summarized as follows:-    

  1- Effect of exposure to γ-irradiation either single (5Gy) or 

fractionated (5x2Gy):   

        Results of the present study revealed that whole body γ-irradiation 

induced enlargement of the heart size as indicated by a significant increase 

in HW/BW ratio in rats exposed to fractionated dose (5x2Gy) of γ-rays.  

    Whole body exposure of rats to a single dose (5Gy) or cumulative dose 

(5x2Gy) of γ-rays showed a significant alteration in the levels of some 

tested biochemical parameters. This was evident by a significant increase 

in serum levels of cholesterol, triglyceride, VLDL of rats exposed to single 

dose (5Gy). Moreover, there was an increase in the serum cholesterol, 

LDL levels in rats exposed to fractionated dose. These lipid alterations 

were accompanied by decrease in HDL level. Gamma-irradiation resulted 

as well in an increase in risk factor parallel with significant elevation of the 

athrogenic index. 

         These increases in lipid fraction levels are accompanied by elevated 

levels of serum cardiac biomarkers (GOT, LDH, CK-MB and troponin) and 

heart Ca2+ content in the same model of irradiated rats at 5Gy or 5x2Gy. 

The alterations in the biochemical parameter examined were compatible 

with observed increase in blood total free radicals concentration and DNA 

fragmentation in heart tissue. Moreover, γ-irradiation of rats revealed histo-

pathological changes in heart tissue. 

2-Effect of isoproterenol (ISO)-induced myocardial infarction: 

        Result of the present study demonstrated that, induction of myocardial 

infarction in rats by injection of ISO showed enlargement in heart size as 

manifested by HW/BW ratio, serum lipid profile, tested cardiac biomarkers, 

blood total free radicals concentration, Ca2+ level, DNA fragmentation as 

well as histopathological changes in heart tissue.   
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3-Effect of combined treatment with γ-irradiation (single 5Gy or 

fractionated 5x2 Gy)and Iso induced myocardial infarction: 

        This study further indicates that, the combination of Irr (either single 

or fractionated) and ISO intensified the reported damaging effect induced 

by either γ-irradiation or ISO injection alone on all the previously studied 

parameters.  

4-Protective effect of the ß-blocker “carvedilol”:   

         The results obtained revealed a significant conservative effect of 

Carvedilol. Consequently administration of carvedilol on myocardial 

infracted irradiated rats either single (5Gy) or fractionated 5x2Gy reduced 

the enlarged size of the heart rats and ameliorated the disturbed 

biochemical parameters examined such  triglyceride, HDL, VLDL and risk 

factor, whereas, it normalized the tested cardiac biomarkers and attenuated 

the  activity of serum CK-MB enzyme and modulation of the increased 

level of blood total free radical concentration and Ca2+ content in heart 

tissue as well as reduction of DNA fragmentation and therefore, inhibition 

of apoptosis in the rat model of fractionated dose (5x2Gy) of γ-radiation. 

Furthermore, histopathological results run in parallel with all other 

investigated parameters.  

5- Protective effect of antioxidant “taurine”: 

        Results of the present study further indicated that orally administration 

of taurine exhibited a protective effect against double effect of γ-irradiation 

(5Gy or 5x2Gy) with ISO induced myocardial infarction. Consequently 

taurine partially restored the enlarged size of the heart nearly to its normal 

level, ameliorated the disturbed level of the tested blood lipid fractions, 

nearly normalized the altered cardiac biomarkers,  restoration of Ca2+ 

content of heart tissue to its normal level as well as amelioration of the 
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increased level  blood total free radical. The histopathological study 

confirms the previous findings.  

        Based on the present study it could be concluded that: 

1-The results obtained revealed a significant conservative effects of both the 

ß-blockers “carvedilol” and the antioxidant “taurine” on the experimental 

irradiated (5Gy or 5x2Gy) myocardial infracted rats. 

2-Carvedilol as ß-blocker exerted a powerful protective capacity as it 

reduced the enlarged size of the irradiated infracted heart and inhibited the 

apoptotic activity by reducing DNA fragmentation in heart tissue. 

Furthermore, carvedilol protective effect extended to all the other 

investigated parameters in this study. 

3- Taurine as antioxidant has a protective effect demonstrated in irradiated 

myocardial infracted rats. Thus, it is preferentially modulate the altered 

levels of the lipid profile, regulate Ca2+ content of heart tissue as well as 

modification of most of the disturbed biochemical parameters studied.  
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Recommendations: 

 1-The use of ß-blocker (carvedilol) as a base line of treatment may be 

beneficial in modulating the side effects of radiation exposure in patients 

with myocardial infarction and subjected to occupational exposure of γ-

radiation or receiving radiotherapy especially those who have disturbed 

biochemical parameters.     

2-There, has been intense interest in the role of antioxidants in preventing 

diseases for years, especially heart diseases. Therefore, this study 

appreciates the usage of taurine in the field of radiotherapy as well as, 

among the radiation workers suffering from heart diseases especially 

myocardial infarction.         

3- Further investigation should be undertaken along that line in view of 

insuring the effectiveness of the combination treatment of carvedilol and 

taurine supplementation. In this respect, patients should receive advice 

about diet containing taurine.  
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 الملخص العربى و االستنتاج 
 

حداث تأثيرات إمن المعروف أن تعرض الكائنات الحية لالشعاع يؤدى الى 

ن إضارة ألجهزتها الحيوية و ذلك نتيجة لتولد الشوارد الحرة و من ثم ف

لحدوث ببا رئيسيا سشعاع يمثل إللالضرر المحدث للجهاز الدورى بالتعرض 

شعاع إلا الذين يخضعون للعالج الطبى بلهؤالء المرضىاألمراض أو الوفاه 

  .الرئة و الثدىسرطان خاصة منطقة الصدر متمثلة فى 

وعلى ذلك تم فى هذة الدراسة احداث نموذج تجريبى الحتشاء عضلة القلب 

 ٨٥ يزوبريترينول تحت الجلد بجرعة فى الجرذان وذلك بواسطة حقنها باال

 التأثيرات الوقائية لكل من مضاد حيث تم اختبار.  ك لمدة يومين متتاليين/مجم

ضد ) آارفيديلول(و عامل حاجب بيتا األدرينالي ) تورين(األآسدة المختار 

 واحدة آجرعة اشعاعية(عة عهذا النموذج التجريبى المحدث فى الجرذان المش

تشتمل المعاير التى تم دراستها و) جراى٢×٥ أو آجرعة متجزئة  جراى٥

  الدور ، مستويات الشوارد الحرة الكلية بالدم،ميائيةعلى تقيم التغيرات البيوآي

الجوهرى لكل من عنصرى الكالسيوم و الماغنسيوم لنسيج القلب الى جانب 

. وزن الجسم/ وزن القلب رصد التضخم فى حجم القلب من خالل تقدير نسبة 

 و ذلك بكل من الجرذان .ضافة الى الفحص المجهرى لنسيج القلبهذا باإل

   .عةع غير المشعة وعالمش

جم بينما تم  ٢٢٠ - ١٨٠و قد تم استخدام ذآور الجرذان البيضاء التى تزن 

 و هى وحدة تشعيع تحتوى على ٤٠تشعيع الحيوانات باستخدام خلية جاما  

 جراء التجربةإحيث آان معدل الجرعة االشعاعية أثناء  ١٣٧-عنصر سيزيوم

         )دقيقة/جراىو ٧٥(

 

 

 



: حيوانات تحت االختبار الى عدة مجاميع مختلفة تشتمل علىآما تم تقسيم ال

آجرعة اشعاعية واحدة [ عةع مجموعة ضابطة مش،مجموعة ضابطة طبيعية

مجموعة حقنت و]  جراى٢ ×٥  جراى أو آجرعة مجزئة٥

  ،تشاء عضلة القلب فى الجرذانحإلبااليزوبريترينول الحداث نموذج تجريبى 

)  جراى٥(  زدوجة بكل من التعرض لالشعاعمجموعة عوملت بالمعالجة الم

و االيزوبريترينول الحداث احتشاء بعضلة القلب فى هذة )  جراى٢×٥ (،

 حيث تم اعطاء  تنقسم الى مجموعتينعة و مجموعة وقائيةعالجرذان المش

 التورين آعوامل اعطاء المجموعة الثانيةيديلول وفالكار المجموعة االولي 

  .وقائية

  -:أهم نتائج هذة الدراسةفيما يلىو يمكن تلخيص 

عة او آجر)  جراى٥( جرعة واحدة ب تأثير التعرض لالشعاع الجامي -]١ [

  -): جراى ٢×٥(مجزئة 

شعاع يحدث  أوضحت نتائج هذة الدراسة أن تعريض الجسم الكلى لإل-١

 /تضخما فى حجم القلب حيث تم رصد زيادة جوهرية فى نسبة وزن القلب

  ). جراى٢×٥(فى الجرذان المعرضة الشعة جاما وزن الجسم و ذلك 

 ) جراى٥( واحدة   الكلى  ألشعة جاما آجرعة الجرذان أدى تعرض جسم-٢

 معظمالى تغيرات جوهرية فى مستويات )  جراى٢×٥( آجرعة مجزئة أو

المعاير البيوآيميائية المختبرة آما أتضح ذلك من خالل رصد زيادة جوهرية 

 والكوليسترول فائق  الجليسريدات الثالثية,روللكل من مستوى الكوليست

هذا و )  جراى٥( الكثافة المنخفضة فى الجرذان المعرضه الى أشعه جاما 

 الكوليسترول وباالضافه الى رصد زيادة جوهرية لكل من مستوى الكوليسترول  

و صاحب ).  جراى٢×٥( فى الجرذان المعرضه الى أشعه جاما منخفض الكثافة 

 ياده فى مستوى الكوليسترول فائق الكثافةزرات فى مستوايات الدهون هذه التغي

  الزياداتو قد وجد أن هذة. معامل المخاطرة و مؤشر التصلبو

 



ة مصاحبة بارتفاع مستوى الدالالت الحيوية ئ فى مستويات الدهون المتجز

نز  آريتين آي، الآتك ديهيدروجينز،األسبرتات(الخاصة بالقلب المختبرة بالمصل 

  و آذلك ترآيز عنصر الكالسيوم فى نسيج القلب بكل من النموذج)و التروبونين

)  جراى٥( واحدة  التجريبى  المحدث فى  الجرذان المعرضة ألشعة جاما آجرعة

  .) جراى٢×٥(و آجرعة متجزئة 

و تظهر النتائج توافقا لالختالل فى معاير البيوآيميائية المختبرة مع الزيادة 

لحمض املحوظة فى ترآيز الشوارد الحرة الكلية بالدم مع ازدياد تجزأ الجوهرية ال

ال  دراسة الفحص المجهرى خ أظهرت آما . بنسيج القلبDNA) ا.ن.د(النووى 

   .فى الترآيب النسيجى للقلب

  :تأثير االيزوبريترينول المحدث الحتشاء عضلة القلب-]٢[ 

قلب بالجرذان عند حقنها حتشاء بعضلة الإأوضحت نتائج الدراسة أن احداث 

 يحدث تضخما جوهريا فى حجم القلب آما اتضح )آجم/مجم٨٥االيزوبريترينول

وزن الجسم و اضطراب صورة الدهون  /ذلك من خالل تقدير نسبة وزن القلب

 وترآيز الشوارد الحرة ، الخاصة بالقلب  المختبرة الدالالت الحيوية،بالمصل

لحمض النووى افى نسيج القلب و آذلك تجزأ  ومحتوى الكالسيوم ،الكلية بالدم

 هذا باالضافة الى تغيرات مرضية تم رصدها فى . بنسيج القلب)DNA ا.ن.د(

  .الترآيب النسيجى للقلب أظهرتها نتيجة الفحص المجهرى

 ٥( تأثير المعاملة المزدوجة بكل من التعرض االشعاعى آجرعة واحدة -]٣[

و االيزوبريترينول المحدث الحتشاء )  جراى ٢×٥(و آجرعة متجزئة أ) جراى

  -:عضلة القلب بالجرذان

أظهرت نتائج هذة الدراسة أن المعاملة المزدوجة للجرذان بكل من االشعاع 

)   جراى ٢×۵(و آجرعة متجزئة أ)  جراى٥( آجرعة واحدة المختبر 

  و مضاعفة األثار المدمرة الناتجة عن آلتكثيفبااليزوبريترينول تؤدى الى 

ر المختبرة المشتملة يا و التى سبق االشارة اليها وتم رصدها لجميع المعايممنه

 الزيادة الملحوظة فى ،التضخم فى حجم القلب،على اختالل صورة الدهون

 ترآيز الشوارد الحرة الكلية بالدم



 و اختالل آل من محتوى القلب من الكالسيوم و الماغنسيوم و أيضا زيادة  تجزأ 

 بنسيج القلب و و اختالل الدالالت الحيوية  DNA)ا.ن.د(ى لحمض النووا

  .الخاصة بالقلب باالضافة الى االختالل فى الترآيب النسيجى للقلب

 

  -: فيديلولبيتا آار لحاجب التأثير الوقائى-]٤[

يديلول فى الجرذان فأوضحت النتائج التى تم الحصول عليها التأثير الوقائى للكار

و )  جراى٢×٥(أو آجرعة متجزئة )  جراى٥( واحدة عة اما  آجرعة عالمش

 و على ذلك فان معاملة هذة الجرذان  .المحدث بها تجريبيا احتشاء لعضلة القلب

يديلول أدى الى الحد من التضخم فى حجم القلب و تحسين االختالل فى فبالكار

 ،القياسات البيوآيميائية المختبرة و المشتملة على الجليسريدات الثالثية

و فائق الكثافة المنخفضة  و معامل المخاطرة بينما ،الكوليسترول عالى الكثافة 

 انخفاضا للقلب قيما طبيعية فى حين تم رصد  المختبرةأظهرت الدالئل الحيوية

 هذا باالضافة الى تعديل ذيادة الشوارد الحرة الكلية بالدم آينيزنشاط انزيم آريتين 

 ( السيوم و الحد من تجزأ الحمض النووىو محتوى نسيج القلب من عنصر الك

 هالخلوى حيث تم رصدوت  بخاليا القلب و من ثم تثبيطا لنشاط الم) DNAا.ن.د

 من االشعاع الجامى  ) جراى٢×٥(المعرضة لجرعة متجزأة فى نموذج الجرذان 

  . آما جاءت نتائج الفحص الميكروسكوبى متوافقة مع الدالئل االخرى المختبرة.

  -:ير الوقائى لمضاد األآسدة تورينالتأث-]۵[

  عن طريق)آم/ مجم١،١(نتائج هذة الدراسة أيضا أن اعطاء التورينظهرت أ

الفم يبدى تأثيرا وقائيا فى الجرذان ذو المعالجة المزدوجة بكل من ب تجريعه 

 حجم القلب من التورين حد حيث و   االيزوبريترينول)  جراى٢×٥(اإلشعاع  

تقريبا الى الحجم الطبيعى آما أدى الى تحسن فى إختالل المتضخم و إعادتة 

مستوى الدهون المتجزئة و المختبرة آما اعاد الدالئل الحيوية الخاصة بالقلب الى 

 بأنسجة القلب مستوها الطبيعى خاصة مستوى التروبونين و محتوى الكالسيوم

 باإلضافة الى تعديل الزيادة

 



 

 و لقد أظهرت نتائج الفحص المجهرى .بالدمفى مستوى الشوارد الحرة الكلية  

  .للترآيب النسيجى للقلب توافقا مع النتائج االخرى التى تم دراستها

  :تاجات التاليةـنـ التوصل الى اإلستتمبناء على الدراسة الحالية

أوضحت النتائج التى تم الحصول عليها التأثيرات الوقائية الهامة لكل من -١

مضاد األآسدة تورين على إحتشاء عضلة القلب   وفيديلولآار حاجب البيتا

  .عةعالجرذان المش المحدث تجريبيا فى

يبدى مقدرة وقائية قوية تم رصدها من خالل ) حاجب البيتا(يديلول فلكاراأن -٢

خلية عن طريق تقليل تجزأ الوت عدالت ممالحد من التضخم فى القلب و تثبيط 

 هذا و قد امتد التأثير الوقائى . بخاليا القلب)DNAا.ن.د(الحمض النووى 

  .يديلول ليشمل جميع الدالالت المختبرة فى هذة الدراسةفللكار

ان التورين آمضاد لألآسدة لة تأثيرا و قائيا على إحتشاء عضلة القلب المحدث -٣

ة حيث أنة يتميز بخاصية إختبارية لضبط مستوى عتجريبيا فى الجرذان المشع

 إيضا ينظم محتوى الكالسيوم  و)تروبونين (خاص بالقلبالدليل الحيوى الالدهون و

ر البيوآيميائية التى تم يبنسيج القلب إضافة الى تعديل اإلختالل فى جميع المعاي

  .دراستها

 

  :   اتـــيصالتو

يديلول آخط أساسى فى معالجة إحتشاء فلكاراإن إستخدام حاجب البيتا خاصة -١

التأثيرات الجانبية للتعرض الحد من  فى عضلة القلب من الممكن أن يكون مفيدا

بإحتشاء عضلة القلب و يخضعون  فى هؤالء المرضى المصابون اإلشعاعى

للتعرض المهنى اإلشعاعى أو هؤالء المرضى الذين  يخضعون للعالج باإلشعاع 

  . سالفة الذآرير البيوآيميائيةي اإلختالل فى المعايذومن خاصة هؤالء 

ا لدور مضادات األآسدة فى الحد من األمراض خاصة إن هناك اهتماما قوي-٢

أمراض القلب و فى ضوء هذا فإن إعطاء التورين عن طريق الفم يبدى تأثيرا 

 وقائيا ضد المعاملة المزدوجة بكل من



 

مع  االيزوبريترينول المحدث إلحتشاء )  جراى٢×٥ جراى أو٥( اإلشعاع   

الدراسة تعزز استخدام التورين فى عضلة القلب فى الجرذان و على ذلك فإن هذة 

مجال العالج باإلشعاع و أيضا بالنسبة للعاملين فى مجال اإلشعاع و يعانون  من 

و بهذا الخضوص فإن المرضى يجب .أمراض القلب خاصة إحتشاء عضلة القلب

 .ان ينصحوا بتناول غذاء يحتوى على التورين

  

لدراسات و ذلك فى صدى التأآيد مازالت الحاجه قائمه الى اجراء المزيد من ا -٣

على فاعليه المعالجه المزدوجه بالكارفيدبلول و التورين لهؤالء المرضى الذين 

يخضعون للعالج االشعاعى أو العاملين بالمجال االشعاعى ذو التاريخ المسبق 

  .بأمراض القلب



 
                   

  
 دراسة بيوآيميائية للتأثير الواقى لمضادات األآسدة

 وأحد أدوية حاجبات بيتا األدرينالية
 ضد احتشاء عضلة القلب المحدث تجريبيا

  فى الجرذان المعرضة لالشعاع
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