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ABSTRACT
Introduction: Cardiovascular diseases are one of the most common diseases in the world. It is essential to find an efficient 
natural protective agent against the myocardial damage.
Aim: To determine the protective role of different doses of vitamin E against isoproterenol-induced myocardial damage.
Material and Methods: Fifty adult male albino rats were divided into four main groups: Control group (I), vitamin E-treated 
group (II) equally divided into 2 subgroups; subgroup (IIa) received Vit E (50mg/kg) and subgroup (IIb) received Vit E 
(100mg/kg) for one month, isoproterenol-treated group (III) received 3ml normal saline orally for one month and isoproterenol 
(150mg/kg) intraperitoneally (IP) in the last two days of that month. Vitamin E and isoproterenol-treated group (IV) equally 
divided into two subgroups; Subgroup (IVa) received vitamin E (50mg/kg) orally for one month and isoproterenol (150mg/kg) 
IP in the last two days of that month and subgroup (IVb) received vitamin E (100mg/kg) orally for one month and isoproterenol 
(150mg/kg) IP in the last two days of that month. Heart specimens were processed for light and electron microscopic studies.
Results: Rats injected by isoproterenol developed structural changes in the myocardium in the form of fragmentation of the 
myofibrils, vacuolated destroyed mitochondria, dilated SER, intracellular and extracellular edema and interstitial mononuclear 
cellular infiltration. Animals pretreated with vitamin E at a dose of 50mg/kg before injection of isoproterenol revealed minimal 
protection as they showed myocardial damage similar to isoproterenol-treated group. While animals pretreated with vitamin 
E at a dose of 100 mg/kg before injection of isoproterenol showed minimal microscopic alterations of the myocardium with 
preservation of the normal structure of the cardiac myocytes.
Conclusion: Vitamin E at a high dose (100mg/kg) has a protective role on myocardium against isoproterenol- induced 
myocardial damage.
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INTRODUCTION                                                                 

Myocardial infarction (MI) is considered the leading 
causes of death in men and women in both developed 
and developing countries. In spite of basic and clinical 
advancements, MI remains one of the most common and 
lethal health problems in the modern world [1, 2]. MI is 
characterized by an inequity of coronary blood supply 
and demand, which results in myocardial ischemic injury 
and damages the cardiomyocytes [3]. Several studies 
showed that during ischemic damage, oxidative stress 
produced by the generation of reactive oxygen species 
(ROS) plays a key role in the development of MI, where 
ischemia exceeds a serious level for a prolonged period 
in MI resulting in a permanent myocardial cell injury and/
or death [4, 5].

Isoproterenol (ISO) is a potent synthetic 
catecholamine and β-adrenergic agonist with powerful 

bronchodilator and cardiac stimulant actions. It is used 
in the management of shock, treatment and prevention 
of cardiac standstill, arrhythmias and treatment of 
bronchospasm during anesthesia [6]. It has been widely 
reported to produce MI when administered in large doses. 
Isoproterenol generates highly cytotoxic free radicals 
that stimulate membrane phospholipids peroxidation thus 
causing severe damage to the myocardial membrane in 
addition to many metabolic and morphologic alterations. 
Therefore, it is commonly used to produce MI model in 
rats [7, 8].

Reactive oxygen radicals play a central 
role in the pathophysiology of ISO-induced                                                                                   
myocardial  infarction [9, 10]. Thus biological compounds 
with antioxidant properties could be expected to 
significantly contribute to the protection of myocardial 
cells and tissues against deleterious effects of ISO [11]. 
Nevertheless, numerous synthetic antioxidants have 
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expressed serious limitations while showing pro-oxidant, 
toxic or mutagenic effects, thus, raised the attention of 
researchers towards the naturally derived antioxidants [12].

Previous studies considered many plants as dietary 
antioxidants such as sulphur-containing compounds in 
garlic, phytoestrogens in soy, green tea, anthocyanins 
in red berries, lycopene in tomatoes, grape seeds extract 
and most recently ancient Indian species like cardamom. 
Those naturally derived antioxidants are increasingly 
recognized as potential protective agents to reduce the 
risk of cardiovascular diseases [12, 13].

Vitamin E (vit E) is the predominant lipophilic 
antioxidant in plasma membrane and tissues. In 
addition to its antioxidant properties, vit E has been 
proposed to slow or inhibit the oxidative modification 
of LDL responsible for development and progression of                                                   
atherosclerosis [14, 15]. Although some studies attributed the 
protective effect of vit E administration on cardiovascular 
diseases to its antioxidant property acting through 
peroxyl radical tapping chain-breaking antioxidant  
action [16]. Yet researches have shown that vit E possesses 
a variety of cardiovascular effects includes decreasing 
platelet aggregation, arterial superoxide generation and 
increasing eNOS-mediated NO production [17, 18].

AIM OF THE WORK                                                                             

Therefore, this study was designed to determine the 
possible protective effect of different oral doses of vitamin 
E against isoproterenol-induced myocardial infarction in 
adult male albino rat.

MATERIAL AND METHODS                                                                              

Experimental animals:

Fifty adult male albino rats (200 -230 grams, each) 
were used. All animals were kept under the same 
hygienic conditions, housed in well ventilated animal 
cages and received balanced diet and given water ad 
libitum throughout the whole duration of experiment (1 
month). The experimental protocol was approved by the 
local Animal Care Committee of King Faisal University. 
The experimental procedures were carried out in 
accordance with international guidelines for care and use 
of laboratory animals. 

Drugs:

Isoproterenol (ISO) was procured from Sigma 
Chemical Co. (St. Louis, Mo, USA), catalogue number 
(I2760). It was dissolved in normal saline (0.9% NaCl) 
and administered intraperitoneal (i.p) as a single daily 
dose of 150 mg/kg body weight dissolved in 2 ml normal 
saline in the last two days of the experiment (on the 29th 
and 30th day) [19, 20]. 

Vitamin E (α-Tocopherol) was procured from Sigma 
Chemical Co. (St. Louis, Mo, USA), catalogue number 
(258024). It was administered at a dose of 50 or 100 mg/
kg body weight [21]. The calculated dose was suspended             
in 3 ml normal saline and given as a single daily dose 
orally for one month by using stainless steel feeding 
needles.

Experimental design:

Animals were divided into four main groups, Group 
I (Control) (n=10), animals were equally divided 
into two subgroups; Subgroup (Ia), animals were 
kept without any treatment, and subgroup (Ib), each                                                                                 
animal  received 3 ml normal saline orally once daily 
for one month by the feeding needle and was given 2 
ml normal saline IP once daily in the last 2 days of that 
month (on the 29th and 30th day).

Group II (Vitamin E-treated): (n=10) animals were 
equally divided into two subgroups; Subgroup (IIa), each 
animal received vitamin E (50 mg/kg b.wt) suspended                 
in 3 ml normal saline orally once daily for one month and 
was given 2 ml normal saline IP once daily in the last 2 
days of that month (on the 29th and 30th day). Subgroup 
(IIb), each animal received vitamin E (100mg/kg b. wt.) 
suspended in 3 ml normal saline orally once daily for one 
month and was given 2 ml normal saline IP once daily in 
the last 2 days of that month (on the 29th and 30th days).

Group III (Isoproterenol-treated): (n=10) each animal 
received 3 ml normal saline orally once daily for one 
month and was given ISO (150 mg/Kg b.wt) IP dissolved 
in 2 ml normal saline once daily in the last 2 days of that 
month (on the 29th and 30th day).

Group IV (Vitamin E and Isoproterenol-treated): 
(n=20), equally divided into two subgroups: Subgroup 
(IVa): (n=10) each animal received Vit E (50 mg /Kg 
b.wt) suspended in 3 ml normal saline orally once daily 
for one month and was given ISO (150m/ Kg b.wt) 
dissolved in 2 ml normal saline IP in the last 2 days of 
that month (on the 29th and 30th days). Subgroup (IVb): 
(n=10) each animal received Vit E (100 mg /Kg b.wt) 
suspended in 3 ml normal saline orally once daily 
for one month and was given ISO (150mg /Kg b.wt)                                                               
dissolved  in 2 ml normal saline IP once daily in the last 2 
days of that month (on the 29th and 30th day). 

At the end of the experiment, the animals were not 
given any drug for 24 hours after the last injection of 
isoproterenol then anesthesia was induced by thiopental 
sodium (40 mg/kg)  IP [22]. The heart was rapidly dissected 
out and washed immediately with saline, and specimens 
from the left ventricle were prepared for light and electron 
microscopic examinations.
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For light microscopic study:

Pieces of the left ventricle of the heart were fixed                    
in 10% formol saline for 24 hrs. The fixative was removed 
by washing through running tap water. After dehydration 
through a graded series of alcohol, specimens were 
processed and embedded in paraffin wax. Sections were 
cut into 5µm thickness and stained with hematoxylin 
and eosin (H&E) [23]. The sections were observed under 
light microscope (Olympus BX51, Tokyo, Japan) for 
histological changes and the photographs were taken by 
digital camera (Olympus DP50, Tokyo, Japan) "12 mega 
pixel" at the Histology department, Faculty of Medicine, 
Tanta University, Egypt. 

For electron microscopic study:

Small pieces of the left ventricle of the heart 
(12- mm) were taken and immediately fixed in 2.5% 
glutaraldehyde in 0.1M cacodylate buffer (PH, 7.2) at a                                                                                               
temperature of 4˚C for 1 hr. and were washed in 
cacodylate buffer. These were post fixed in 1 % osmium 
tetraoxide in cacodylate buffer for 90 minutes at room 
temperature, dehydrated in acetone, and embedded in 
Epoxy araldite mixture. Ultrathin sections were obtained 
in a Leica EMUC6 ultramicrotome, placed on copper 
grids, and stained with uranyl acetate and lead citrate [24] 
for detailed examination which was carried out using a 
JEM 1011 (JOEL, Tokyo, Japan) electron microscope                                                                                              
at 80 KV at the department of Biomedical sciences, 
Faculty of Medicine, King Faisal University, Kingdom 
of Saudi Arabia.

RESULTS                                                                           

Light microscopic results:

Haematoxylin and eosin (H&E)-stained myocardium 
sections from both control subgroups; Ia and Ib showed 
similar normal histological structure. The sections 
revealed regular, adjacent myocardial fibers and muscle 
bundles. The longitudinal muscle fibers were branched, 
anastomosed and continuous with adjacent fibers                      
(Fig. 1a). The transverse muscle fibers appeared rounded 
with minimal variations in their diameters and surrounded 
with delicate connective tissues "endomysium" (Fig. 1b). 
Each cardiac muscle fiber showed acidophilic cytoplasm 
and one or two pale oval or rounded central nuclei                                                                                                       
(Figs. 1a and 1b). In the longitudinal sections, muscle 
fibers were interwoven with myofibrils arranged parallel 
to the longitudinal axis of the muscle fibers' cross striations 
in the cytoplasm of the myocytes could be observed            
(Fig. 2a). The transverse sections showed rounded 
muscle fibers with homogenous granular acidophilic 
cytoplasm and surrounded by delicate connective tissues 
with fibroblasts (Fig. 2b). 

H&E-stained myocardium sections from both                    
group II (Vitamin E-treated) subgroups; IIa and IIb 
showed similar normal histological architecture as control 
group I.

H&E-stained myocardium sections from group III 
(Isoproterenol-treated) showed marked histological 
changes in the cardiac muscle fibers. The myocardium 
revealed wide separation of cardiac muscle fibers and 
dilatation of intercellular spaces in between longitudinal 
and transverse myocytes. Focal extensive interstitial 
mononuclear cellular infiltration and dilated blood 
capillaries with hemorrhage and extravasated blood 
cells in between myocardial fibers were seen (Figs. 3a                                                                                                      
and 3b). Some myocardial fibers were severely affected; 
they showed intensely eosinophilic homogenous 
cytoplasm. Focal areas of fragmentation and cytolysis 
of myofibers with loss of the cross striations in their 
cytoplasm were observed (Figs. 4a and 4b).

H&E-stained myocardium sections from subgroup 
IVa (50 mg/kg vitamin E pretreated animals) revealed 
areas of fragmented myocytes in addition to focal areas 
of vacuolated sarcoplasm, interstitial and intercellular 
mononuclear cellular infiltration in between myocytes 
in addition to dilated congested blood vessels with 
intercellular and interstitial hemorrhage (Fig. 5). Focal 
areas of destructed and fragmented myocytes with dark 
eosinophilic cytoplasm were observed (Fig. 6).  

H&E-stained myocardium sections of subgroup 
IVb (100 mg/kg vitamin E pretreated animals) showed 
evident preservation of the normal histological structure 
of cardiac muscle fibers. Longitudinal muscle fibers 
appeared branched and anastomosed with acidophilic 
cytoplasm and centrally pale oval nuclei with prominent 
nucleoli. Prominent appearance of the cross striations of 
myofibrils in the cytoplasm of muscle fibers were also 
seen (Figs. 7 and 8a). However, focal areas of dilated 
spaces in between myocardial fibers and mild dilated 
congested blood capillaries along with focal areas of 
mild interstitial mononuclear cellular infiltration were 
observed (Fig. 7). The transverse sections of myocardial 
fibers showed homogenous acidophilic cytoplasm with 
central pale rounded nuclei and surrounded by delicate 
connective tissues (Fig. 8b).

Electron microscopic results:

EM examination of both control subgroups; Ia and 
Ib showed similar normal histological structure. In 
longitudinal sections, the sarcoplasm showed myofilments 
with the characteristic arrangement in the sarcomeres, 
rows of variable sized mitochondria and profiles of 
sarcoplasmic reticulum in between myofibrils (Fig. 9). In 
cross sections, the sarcoplasm of myocytes appeared to 
contain myofibrils interrupted by mitochondria (Fig. 10). 
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The nuclei were oval and centrally located with extended 
chromatin (Figs. 9 and 10). Higher magnification 
revealed the mitochondria arranged in rows in between 
myofibrils, they appeared spherical with abundant closely 
packed tubular cristae. The regular transverse striations 
of myofibrils were formed of dark (A) bands with their 
central pale (H) zones and light (I) bands bisected by 
(Z) lines, abundant amount of glycogen granules were 
also observed (Fig. 11). In between myocytes, intact 
intercalated discs with step-like pattern formed of 
desmosomes in their transverse parts and gap junctions in 
their longitudinal parts were observed (Fig. 12).

EM examination of myocardium ultrathin sections 
from both group II (Vitamin E-treated) subgroups; IIa 
and IIb showed similar normal histological architecture 
as control group I.

EM examination of the cardiac myocytes from group 
III (Isoproterenol-treated) revealed fragmentation and 
lysis of myofilaments of myocytes sarcoplasm with focal 
loss of the sarcomeres normal arrangement. Variable 
shape, size and irregular arrangement of mitochondria 
with dense homogenous mitochondrial matrix, in addition 
to dilatation of sarcoplasmic reticulum with accumulation 
of intracellular and interstitial fluid were observed. 
Interstitial macrophages with secondary lysosomes were 
also observed (Figs. 13 and 14). Some nuclei appeared 
oval with irregular outline of their nuclear membrane, 
extended chromatin and prominent nucleoli (Fig. 13). 
On higher magnification, some mitochondria appeared 
swollen and vacuolated with partial loss of their cristae 
(Fig. 15). Intact intercalated discs in between myocytes 
with high irregularity of their pattern were observed              
(Fig. 16). Few glycogen granules could be observed 
(Figs. 15, 16).

EM examination of the cardiac myocytes from 
subgroup IVa (50 mg/kg vitamin E pretreated animals) 
revealed similar cardiac myocytes findings to group III. 
The sarcoplasm of myocytes showed focal areas of lysis 
and fragmentation of myofilaments with focal loss of 
arrangement of sarcomeres pattern. Mitochondria were 
arranged in irregular rows in between myofibrils with 
variable shape and size with dense homogenous matrix 
together with dilatation of sarcoplasmic reticulum (Figs. 
17 and 18). Interstitial cellular infiltration as fibroblasts 
was observed (Fig. 17). Intact intercalated discs in 
between myocytes with highly irregular pattern and 
abundant amount of glycogen granules were observed 
(Fig. 19).

EM examination of the cardiac myocytes from 
subgroup IVb (100 mg/kg vitamin E pretreated animals) 
showed evident preservation of the cardiac myocytes. The 
sarcoplasm of myocytes revealed intact myofilaments 
with the normal arrangement of sarcomeres pattern. The 
mitochondria appeared of variable sizes with abundant 

packed cristae arranged in rows in between myofibrils and 
were accumulated in the perinuclear region. The nuclei 
appeared oval with extended chromatin and prominent 
nucleoli (Figs. 20 and 21). Focal areas of mild dilatation 
of sarcoplasmic reticulum and intercellular infiltration 
"fibroblasts" were observed (Fig. 21). The intercalated 
discs in between myocytes appeared intact with step-like 
appearance together with abundant amount of glycogen 
granules (Fig. 22).

Fig. 1: Photomicrographs of sections of rat myocardium 
from control group I showing (a) branching and anastomosing 
longitudinal muscle fibers (thin arrows) with central oval nuclei 
(arrowheads). Notice the connective tissue (thick arrow) in 
between muscle fibers, (b) transverse muscle fibers (thin arrows) 
with central rounded nuclei (arrow heads), blood capillaries (v) 
and delicate connective tissues (thick arrow) in between cardiac 
myocytes. The endocardium (wavy arrow) with simple squamous 
epithelial cells is seen. Notice the space between muscle bundles 
(asterisk).                                                                  (H&E X 400).

Fig. 2: . Photomicrographs of sections of rat myocardium from 
control group I showing (a) interwoven longitudinal cardiac 
muscle fibers with myofibrils cross striations (thin arrows) in the 
cytoplasm and central oval nuclei (arrow head). (b) transverse 
muscle fibers with acidophilic cytoplasm (thin arrows) and pale 
central rounded nuclei (arrow head). Interstitial fibroblasts (F) are 
seen.                                                                        (H&E X 1000).
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Fig. 4: Photomicrographs of sections of rat myocardium from 
group III (isoproterenol-treated group) showing (a) widely 
separated cardiac muscle fibers (O) and necrotic myocytes with 
deeply eosinophilic cytoplasm (arrows). Notice intercellular 
mononuclear cellular infiltration (L). (b) focal areas of fragmented 
myofibers with focal loss of cross striations (double arrows). 
Notice dilated blood capillary (V) with interstitial mononuclear 
cellular infiltration (L).                                           (H&E X 1000).

Fig. 5: A photomicrograph of a section of rat myocardium from 
subgroup IVa (Vit E 50mg/Kg pretreated group) showing focal 
areas of fragmented (double arrows), and vacuolated myocytes 
(thin arrow). Notice interstitial and intercellular mononuclear 
cellular infiltration (L), interstitial hemorrhage (H) and dilated 
congested blood vessel (V).                                       (H&E X 400).

Fig. 6: A photomicrograph of a section of rat myocardium 
from subgroup IVa (Vit E 50mg/Kg pretreated group) showing 
irregular longitudinal cardiac muscle fibers (thin arrows) with 
areas of fragmentation and lysis of myocytes (double arrows), 
focal myocytes with deeply eosinophilic cytoplasm (thick arrow) 
and interstitial mononuclear cellular infiltration (L).
                                                                                        (H&E X 1000).

Fig. 7: A photomicrograph of a section of rat myocardium from 
subgroup IVb (Vit E 100mg/Kg pretreated group) showing 
closely adjacent and regular longitudinal cardiac muscle fibers 
(thin arrows) with central oval nuclei (arrow heads). Notice focal 
spaces between myocytes (O), intercellular hemorrhage (H) and 
blood vessel (V) surrounded by mononuclear cellular infiltration 
(L).                                                                             (H&E X 400).

Fig. 8: Photomicrographs of sections of rat myocardium from 
subgroup IVb (Vit E 100mg/Kg pretreated group) showing (a) 
longitudinal branched cardiac muscle fibers with prominent 
cross striations (thin arrows) of myofibrils and central oval nuclei 
(arrowheads). Notice area of mild intercellular mononuclear 
cellular infiltration (L). (b) transverse cardiac muscle fibers with 
acidophilic cytoplasm (thin arrow) and central pale rounded 
nuclei (arrowhead) with prominent nucleoli.          (H&E X 1000).

Fig. 3: Photomicrographs of sections of rat myocardium from 
group III (isoproterenol-treated group) showing (a) interstitial 
mononuclear cellular infiltration (L). Some myocytes with deeply 
eosinophilic cytoplasm (thick arrows) and areas of hemorrhage 
and extravasated blood (H) are observed. (b) dilated spaces 
between longitudinal and transverse cardiac muscle fibers (O). 
Focal areas of destruction and cytolysis of myocytes (thin arrows) 
are observed. Numerous myocytes with deeply eosinophilic 
cytoplasm (thick arrow) and dilated blood capillaries (V) are 
seen. Notice area of hemorrhage and extravasated blood (H).
                                                                                   (H&E X 400).
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Fig. 9: An electron micrograph of cardiac myocyte from control 
group I showing regular myofilaments arranged in sarcomeres 
(brackets), variable sized mitochondria (M) arranged in rows in 
between myofibrils and profiles of sarcoplasmic reticulum (Sr) 
in between myofibrls. Notice central oval nucleus with extended 
chromatin (N).                                                         (TEM X 5000).

Fig. 10: An electron micrograph of two adjacent cardiac myocytes 
from control group I showing sarcoplasm with myofibrils (F), 
variable sized mitochondria (M) and a central oval nucleus (N) 
with extended chromatin. Notice an interstitial macrophage (P).                                                          
                                                                                (TEM X 5000).

Fig. 11: An electron micrograph of sarcoplasm of cardiac myocyte 
from control group I showing regular rows of mitochondria (M) 
with their tubular packed prominent cristae (arrows) and regular 
transverse striations of myofibrils formed of dark (A) and light (I) 
bands bisected by (Z) lines. The center of each (A) band has a pale 
(H) zone. Notice the glycogen granules in between myofibrils (G)
                                                                                   (TEM X 20000)..

Fig 12: An electron micrograph of cardiac myocytes from 
control group I showing an intact intercalated disc in between 
myocytes with a step-like pattern formed of desmosomes 
(D) and gap junctions (g). Notice regular myofilaments 
arranged in sarcomeres (brackets) and abundant glycogen                                                                          
granules (G).                                                         (TEM X 20000).

Fig. 13: An electron micrograph of two cardiac myocytes 
from group III showing fragmentation (arrows) and irregular 
arrangement of myofilaments with partial loss of the normal 
pattern of sarcomeres (brackets) and loss of regular arrangement 
of myofibrils (F). A nucleus (N) with irregular outline of nuclear 
membrane and prominent dark nucleolus (n) is observed. Notice 
dilated sarcoplasmic reticulum (Sr) and dense mitochondria (M) 
with irregular shapes and arrangement.                  (TEM X 5000).

Fig. 14: An electron micrograph of cardiac myocytes from group 
III showing accumulation of the intracellular (IC) and interstitial 
(IS) fluid and loss of regular arrangement of myofibrils (F) and 
mitochondria (M). Notice an interstitial macrophage (P) with 
secondary lysosome in its cytoplasm (L).              (TEM X 5000).
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Fig. 15: An electron micrograph of cardiac myocyte from group 
III showing irregular fragments of myofibrils (F) and swollen 
vacuolated mitochondria (M) with partial loss of their cristae 
(arrows). Notice few glycogen granules (G).        (TEM X 20000).

Fig. 18: An electron micrograph of cardiac myocytes from 
subgroup IVa (Vit E 50mg/Kg pretreated group) showing 
fragments of myofibrils (F), dilated sarcoplasmic reticulum (Sr) 
and variable shaped and sized mitochondria (M) with dense 
matrix and ill-defined cristae.                                 (TEM X 15000).

Fig. 16: An electron micrograph of cardiac myocytes from group 
III showing intact intercalated disc in between myocytes (arrows) 
with highly irregular pattern of sarcolemma of the disc. Notice 
fragments of myofilaments (F), destructed mitochondria (M) and 
some mitochondria with prominent  cristae(M1). Few glycogen 
granules (G) are observed                                      (TEM X 20000).

Fig. 17: An electron micrograph of cardiac myocytes from 
subgroup IVa (Vit E 50mg/Kg pretreated group) showing focal 
area of lysis of myofibrils (F), variable shapes and sizes of 
mitochondria (M) in between myofibrils and dilated sarcoplasmic 
reticulum (Sr). Notice interstitial cellular infiltration (I). 
                                                                                  (TEM X 5000). 

Fig. 19: An electron micrograph of cardiac myocytes from 
subgroup IVa (Vit E 50mg/Kg pretreated group), showing highly 
irregular pattern of intact intercalated disc in between myocytes 
(arrows) surrounded by myofilaments (f). Notice mitochondria 
(M) with partial loss of their cristae and numerous glycogen 
granules (G).                                                           (TEM X 20000).

Fig. 20: An electron micrograph of cardiac myocyte from 
subgroup IVb (Vit E 100mg/Kg pretreated group) showing 
myofibrils (F) with regular arrangement of myofilaments in the 
sarcomeres (brackets), regular rows of mitochondria (M) in 
between the myofibrils and around the central oval nucleus with 
extended chromatin (N) and prominent nucleolus. (TEM X 5000) 
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Fig. 21: An electron micrograph of cardiac myocyte from 
subgroup IVb (Vit E 100mg/Kg pretreated group) showing regular 
arrangement of myofilaments in sarcomeres (brackets), regular 
rows of mitochondria (M) between myofibrils and mild dilatation 
of sarcoplasmic reticulum (Se). Notice intact intercalated disc 
with step-like pattern (arrows) and interstitial cellular infiltration 
(I) with fibroblasts.                                                   (TEM X 6000). 

Fig. 22: An electron micrograph of cardiac myocytes from 
subgroup IVb (Vit E 100mg/Kg pretreated group) showing 
intact intercalated disc with its step-like pattern (arrows), regular 
myofilaments arranged in sarcomeres (brackets) and rows of 
mitochondria (M) with their tubular cristae in between myofibrils. 
Notice abundant glycogen granules (G).                 (TEM X 20000). 

DISCUSSION                                                                  

Myocardial infarction (MI) describes the acute condi-
tion of necrosis of the myocardium occurring as a result of 
imbalance between coronary blood supply and myocardial 
demand [25].

Isoproterenol (ISO)-induced MI commonly serves as 
a standardized model to investigate cardiac pathophysi-
ology and subsequently the beneficial effects of differ-
ent cardioprotective agents. ISO, when administered in 
large dose mimics the cardiac lesions present in MI in                            
humans [26]. ISO mainly causes imbalance between cardio-
myocytes oxygen supply and demand through increasing 
the chronotropism and inotropism essential to maintain 
myocardial function, in addition to increasing the calcium 
overload in the myocardium [27].

In the present study, rats that received ISO showed 
extensive massive interstitial edema and accumulation of 
intercellular fluid. Alike Upaganlawar et al. [28], proposed 

that the increase of the heart weight upon administration of 
ISO might be due the increased water content and oedema-
tous intramuscular spaces. Asdaq et al. [29] added that ISO-
induced alterations of the membrane permeability might 
have brought loss of myocardial membrane function which 
could be another cause of the interstitial edema in experi-
mental rats. 

In the current work, light microscopy of the ISO-
treated group revealed that cardiac myocytes exhibited 
intensely eosinophilic homogenous cytoplasm indicating 
coagulative myonecrosis with loss of striations and focal 
areas of fragmented myofibers with lysis of myofilaments. 
In addition to intercellular and interstitial inflammatory 
cellular infiltration with endothelial damage associated 
with hemorrhage and extravasation of blood cells in be-
tween the myocytes. These histopathological changes are 
in agreement with previous researchers confirming the suc-
cess of the current MI model [8, 12, 26, 30]. These changes are 
most probably consequential to the increase in the radical 
oxygen species (ROS) such as superoxide anion and hy-
droxyl radicals in ischemic tissues, thus resulting in oxida-
tive damage to membrane lipids, proteins, carbohydrates 
and DNA [31]. The endogenous antioxidant enzyme systems 
are the first line of cellular defense against oxidative stress 
and inhibit the formation of several ROS. Following the 
administration of ISO, a serious down-regulation in the ac-
tivities of endogenous antioxidant systems of the heart oc-
curs, leading to the gradual loss of prooxidant/antioxidant 
balance  with induced accumulation of ROS in cardiomyo-
cytes that manifested as oxidative damage [32]. 

Additionally, some other mechanisms were proposed to 
explain the isoproterenol-induced damage to cardiac myo-
cytes include hypoxia due to inequity between myocardial 
activity and coronary output, depletion of energy reserve, 
calcium overload and free radicals production resulting 
from oxidative metabolism of catecholamine [33, 34]. 

Moreover, biochemical studies of Sathish et al. [35] 
confirmed that administration of ISO increases the level 
of both serum and myocardial lipids, causes accumula-
tion of lipid peroxides and increases the level of low den-
sity lipoprotein (LDL) cholesterol in the blood leading to 
coronary heart disease. Besides, ISO alters the fragility of 
lysosomal membrane and increases lysosomal hydrolase 
activities, which might be responsible for tissue damage 
and infracted heart [36]. Nevertheless, inflammation was 
strongly suggested as a key process in mediating myocar-
dial tissue damage after an ischemic event, where ISO was 
shown to increase the serum levels of c-reactive protein 
(CRP) and the pro-inflammatory cytokine; tumor necrosis 
factor-alpha (TNF-α) [37].

 Ultrastructurally, sarcoplasms of ISO-treated myocytes 
revealed swollen, dilated and vacuolated mitochondria 
with disruption of their cristae and irregular distribution. 
Moreover, dilated sarcoplasmic reticulum and vacuolated 
sarcoplasm with accumulated fluid were clearly detected. 
These results coincided with previous studies [12, 38, 39].
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Mitochondria are the main source of energy respon-
sible for sustaining cellular metabolism and integrity. The 
hypoxia occurring during MI impairs energy production 
by mitochondria [40]. Moreover, pronounced enhancement 
of lipid peroxidation occurs in the mitochondria during MI. 
The heart mitochondrial enzymes are located in the outer 
membrane of the mitochondria and are seriously affected 
by oxidative stress caused by ISO administration [41]. 

Additionally, glycogen granules were apparently fewer 
in ISO-treated group, which coincided with the findings of 
Fewell and Zhang [42], who provided evidence that heart 
glycogen significantly decreased upon ISO treatment. 
Glycogen depletion was discussed to be one of the im-
portant underlying mechanisms of ISO-induced cardiac                          
damage [43]

Taken together, it could be implied from the proposed 
mechanism of ISO-induced MI that therapeutic interven-
tion with antioxidants may prove beneficial in preventing 
these deleterious changes. Farvin et al. [44] suggested that 
myocardial damage might be prevented through supple-
mentation with vitamin E for its strong antioxidant capac-
ity previously encountered in several ischemic-reperfusion 
studies. 

In the current work, animal group pretreated with 50 
mg/kg of vitamin E before ISO showed no apparent pro-
tection of cardiac muscle fibers, all necrotic changes were 
observed together with lysis of myofibrils and loss of the 
characteristic sarcomeres pattern. The mitochondria were 
destroyed and vacuolated with loss of their cristae. This 
finding coincided with previous studies [21]. 

On the other hand, rats pretreated with 100 mg/kg of 
vitamin E before ISO revealed an evident protective ef-
fect on the myocardium, where it presented more or less 
the same normal histological picture of the control group. 
However, small focal areas of degenerated muscle fibers 
and interstitial cellular infiltration remained. Yet, the myo-
filaments preserved their normal arrangement and regular 
appearance of sarcomeres and regular rows of intact mito-
chondria in between myofibrils. 

Similar to our findings, Upaganlawar et al. [28], report-
ed that vit E could only at a dose of 100 mg/kg restore 
the ISO-altered hemodynamic parameters such as serum 
lactate dehydrogenase, serum aspartate transaminase and 
serum alanine transaminase levels, in addition to different 
markers of oxidative stress and lipid peroxidation.

This coincided with Padmanablan and Prince [45] who 
reported that α-tocopherol could ameliorate ISO-induced 
myocardial toxicity, resulting in preservation of the car-
diac mitochondrial membrane and lysosomal enzymes. In 
many studies, vitamin E showed the ability to protect cells 
and subcellular structures from oxidative damage through 
inhibiting the formation of ROS [16, 46]. 

Moreover, they have reported that vitamin E could 
neutralize lipid peroxidation due to its oxygen scaveng-
ing effect. Furthermore, vitamin E was able to stabilize 

heart phospholipids by preventing the change in fatty acid 
composition and the peroxidative deterioration [47]. Never-
theless, vitamin E not only reduces lipid peroxidation but 
also preserves glutathione levels in high amounts in these 
tissues by either encouraging the synthesis of endogenous 
antioxidants or inhibiting the generation of oxidants such 
as ROS through supporting the endogenous antioxidant sys-
tem [29, 48].

CONCLUSION                                                            

Pretreatment with a high dose of vitamin E had proven 
effective against the structural changes of the cardiac 
muscle induced by isoproterenol. While pretreatment 
with a low dose of vitamin E did not protect against the 
deleterious alterations in the structure of myocardium 
associated with cardiovascular diseases.
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الملخص العربى

دور جرعات مختلفة من فيتامين ه فى الوقاية ضد تلف عضلة القلب المحدث بعقار الأيزوبروتيرينول 
فى ذكر الجرذ الأبيض البالغ: دراسة بالميكروسكوب الضوئى والإلكترونى

عزة عوض أبو رية1 ، مروة عوض عبد الحميد إبراهيم1، حبيب أحمد قريشى2 
1 قسم الهستولوجيا - كلية الطب - جامعة طنطا- جمهورية مصر العربية

2 قسم العلوم الطبية الحيوية- كلية الطب-جامعة الملك فيصل -المملكة العربية السعودية

 
المقدمة: تعتبر أمراض القلب والشرايين أحدى الأمراض السائدة في العالم. وبالتالي فمن المهم إيجاد أدوية طبيعية لها القدرة 

على حماية خلايا عضلة القلب من التلف.   
الهدف من العمل:  تحديد الدور الوقائي للجرعات المختلفة لفيتامين (ه) ضد تلف عضلة القلب المحدث بعقار الأيزوبروتيرينول .

امواد و طرق البحث:  قسمت خمسين من ذكور الجرذان البيضاء إلى أربع مجموعات رئيسية: المجموعة الأولى (الضابطة), 
المجموعة الثانية (التى عولجت بفيتامين ه) قسمت بالتساوى الي مجموعتين فرعيتن: المجموعة الفرعية الأولى أعطيت فيتامين 
(ه) بجرعة تساوى 50 مجم لكل كجم و المجموعة الفرعية الثانية  أعطيت فيتامين (ه) بجرعة تساوى 100 مجم لكل كجم لمدة 
شهر ,المجموعة الثالثة (التى عولجت بالأيزوبروتيرينول) حيث أعطيت الحيوانات 3 ملل من محلول الملح الطبيعي بالفم لمدة 
شهر ثم الحقن البريتونى لعقار الأيزوبروتيرينول بجرعة تساوى 150 مجم لكل كجم في آخر يومين من هذا الشهر. المجموعة 
الرابعة (التى عولجت بفيتامين (ه) و الأيزوبروتيرينول) قسمت بالتساوى الي مجموعتين فرعيتن, المجموعة الفرعية الأولى: 
أعطيت الحيوانات فيتامين (ه) بالفم بجرعة تساوى 50 مجم لكل كجم لمدة شهر ثم الحقن البريتونى لعقار الأيزوبروتيرينول 
بجرعة تساوى 150 مجم لكل كجم في آخر يومين من هذا الشهر. المجموعة الفرعية الثانية: أعطيت الحيوانات فيتامين (ه) بالفم 
بجرعة تساوى 100 مجم لكل كجم لمدة شهر ثم الحقن البريتونى لعقار الأيزوبروتيرينول بجرعة تساوى 150 مجم لكل كجم في 

آخر يومين من هذا الشهر. تم تجهيز عينات من عضلة القلب للفحص بالمجهر الضوئى والمجهر الإلكترونى. 
النتائج: أحدث حقن الحيوانات بعقار الأيزوبروتيرينول تغيرات في تركيب أنسجة عضلة القلب في صورة تفتيت لأنسجة العضلة 
وتلف الميتوكوندريا مع وجود فراغات بها وإتساع في الشبكة الأندوبلازمية الملساء وإرتشاح بين الخلايا و داخلها مع وجود تجمع 
خلايا وحيدة النواة فى النسيج البينى. وقد أظهرت الحيوانات التي سبق إعطائها فيتامين (ه) بجرعة 50 مجم لكل كجم قبل حقن 
الأيزوبروتيرينول حماية ضئيلة حيث أظهرت العينات تلف فى عضلة القلب مثل المجموعة التى عولجت بالأيزوبروتيرينول. 
بينما أظهرت الحيوانات التي سبق إعطائها فيتامين (ه) بجرعة 100 مجم لكل كجم قبل حقن الأيزوبروتيرينول تغير بسيط فى 

عضلة القلب مع الحفاظ على التركيب الطبيعي لخلايا عضلة القلب. .
الاستنتاج: إعطاء فيتامين (ه) بجرعة كبيرة (100 مجم لكل كجم) له دور فعال في الحماية من تلف عضلة القلب المحدث بعقار 

الأيزوبروتيرينول. 


