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ABSTRACT
Introduction: Doxorubicin is one of the major antitumor treatment. The essential limiting factor of using this drug is the 
production of cardiotoxicity. However, melatonin is a powerful antioxidant that may protect the heart. 
Aim: This study was aimed to study possible protective role of melatonin in adult male albino rats following doxorubicin 
administration 
Material and Method: In this study, 40 adult male albino rats were used. They were divided into four groups (10 rats 
for each): control group, Melatonin group, Doxorubicin group and Doxorubicin & Melatonin group. Heart specimens were 
obtained at the end and processed.
Results: Light studies showed degenerative changes. Some fibers showed dark acidophilic cytoplasm and pyknotic nuclei. 
Apoptosis were detected where the nuclei varying from peripheral condensation of chromatin up to pyknosis, confirmed with 
positively caspase-3 activity. Dilatation of the vessels with mononuclear cellular infiltrations and deposited collagen fibers 
were seen. Ultrastructural examination showed disarrangement of the sarcomeres, disruption of microfilaments and Z- line, 
the number and size of mitochondria apparently increased, dilated SER and T tubules were also noticed. The presence of oval 
shaped cells (Telocyte) with thin long processes (Telopodes) were detected.
Conclusion: From this study, it was concluded that, melatonin markedly suppressed cardiomyopathy induced by doxorubicin.
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INTRODUCTION                                                                 

Doxorubicin which is from anthracycline group 
widely used as an effective antineoplastic agent, as 
therapy of several of malignancies, including leukemia, 
lymphoma, and solid tumors. Cumulative dose-
dependent cardiotoxicity of this drug limited its clinical 
use, which may cause irreversible and severe effect of                                                        
cardiomyopathy[1].

The specific mechanisms of doxorubicin (DOX) 
induced cardiotoxicity are complex and although decades of 
research on this drug, remain unclear. Different mechanisms 
may play a role in the effects induced by DOX, including 
suppression of protein synthesis and nucleic acid formation, 
lysosomal deformities, changes in adrenergic function,  
mitochondrial abnormalities, changed sarcolemmal Ca2+ 
transport, calcium overload and energy metabolism 
disorders may lead to lipid peroxidation in myocardial 

fibers; and an imbalance of myocardial electrolytes[2]. 
Effects of DOX may be attributed to Oxidative/nitrosative 
stress[3]. production of reactive oxygen species (ROS) may 
be the cause of effects of DOX or through induction of 
nitric oxide synthases (NOS), leading to nitric oxide (NO) 
formation. It has been shown that, DOX treatment in vivo 
leads to cardiomyocytes apoptosis[4], and increased levels 
of cleaved caspase-3 in DOX-treated animal's myocytes[5].

An alternative mechanism to explain Dox toxicity 
reported by Ito H. et al.[6] is that, Dox selectively suppresses 
the cardiac specific program of gene expression[7]. 
Production of iron (Fe 2+) free radical complex is another 
mechanism of DOX-induced damage[8]. Molecular oxygen 
is reduced to superoxide anion (O−2•) that is converted 
to other forms of reactive oxygen species. ROS reacts 
with lipid, protein and other cellular components to cause 
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damage to cell membrane and mitochondria of the heart 
muscle fibers[1].

These free radicals may then cause injury to the heart, 
which has a relatively low level of superoxide dismutase 
(SOD) and catalase (antioxidant enzymes). Others 
studies propose that the mechanism of DOX-induced 
heart apoptosis is dependent on the activation of tumor 
suppressor p53[9,10].

The main secretory product of the pineal gland is 
Melatonin (MEL). The pineal gland is inactive in the 
day time but it is activated and starts to actively produce 
melatonin in the darkness. MEL participates in circadian 
rhythm regulation and has main role in anti aging               
processes[11, 12].

Melatonin works as a free radical scavenger of OH, 
superoxide anions  peroxyl radicals and also as a powerful 
antioxidant[13].actually, MEL was shown to be twice as 
powerful as vitamin E in removing peroxyl radicals[14] and 
it is 5 and 14 times more effective in scavenging hydroxyl 
radicals than glutathione and mannitol, respectively[15]. 
Unlike the limited distribution of vitamin C or vitamin E, 
MEL distributes nearly in all subcellular compartments 
due to its solubility in both water and lipids. As such, it can 
move into membrane of the cell easily and enter cardiac 
cells to eliminate free radicals in situ. Additionally, MEL 
have effects via MEL1a receptors in the myocytes[16,11,17].

Therefore, this study was designed to estimate the 
protective effects of melatonin on cardiotoxicity induced 
by doxorubicin.

MATERIAL AND METHODS                                      

Fourty adult male albino rats of average weight                      
150 -250 gm were used in this study. The animals obtained 
from breeding animal house, Faculty of Medicine, 
Menoufia University.

Animals were housed in the animal laboratory of 
Menoufia faculty of medicine. Strict care and cleaning 
measures were utilized to keep the animal in a normal 
healthy condition; the animals were put in animal cages 
under the prevailing atmospheric conditions and also were 
fed to standard diet and liberal supply of tap water. They 
were kept under a photoperiod of 12 h light: 12 h darkness, 
in controlled conditions of temperature (2024- ºC). All 
ethical protocols for animal treatment were followed. 
The experimental protocol was accepted by the Ethical 
Committee of Menoufia Faculty of Medicine.

Used drugs

• Doxorubicin: 5ml vial and each contain 10 mg 
were obtained from EGYDRUG Company, Egypt                                      
(10 mg/ 5ml vial).

• Melatonin: 3 mg tablets (3mg/tablet) were obtained 
from BIOVERA EGYPT Company.

Experimental procedure:

Rats were divided into four groups, included 10 rats for 
each as follows:

1. Group I (Control group)

The first 5 rats received intraperitoneal injection of 
0.9% NaCl for 4 days as vehicle for DOX. The other 5 
rats received intraperitoneally 2.5% ethanol for 15 days 
as vehicle for melatonin. They were sacrificed at the same 
time as the corresponding experimental group. 

2. Group II (Melatonin treated group)

Melatonin (dissolved in 2.5% concentrated ethanol) 
was administered intraperitoneally at a dose of 6 mg/kg/
day for 15 days[18].

3. Group III (Doxorubicin treated group) 

Doxorubicin (dissolved in 0.9% NaCl) was administered 
intraperitoneally at a dose of 3 mg/kg/day for 4 days[18].

4. Group IV (Doxorubicin and Melatonin treated 
group)

It received doxorubicin and melatonin combination 
treatment.  Melatonin was started 1 day before doxorubicin 
administration. When the two drugs were administrated 
in combination, melatonin was given 3 hrs before each 
doxorubicin injection (melatonin was injected at 10:00 am 
and doxorubicin at 1:00pm). The two drugs were given for 
4 days and then melatonin was continued to be given   for 
another 10 days with the same doses and method mentioned 
before[18].

At the end of the experiment, cardiac perfusion by 
saline was done under an aesthesia for the histological and 
immunohistochemical examination of the cardiac muscle. 
After perfusion, the heart was removed and cardiac tissue 
pieces of the left ventricle were obtained for:

I. Histological study:

Paraffin sections of 5 μm were obtained and stained 
with hematoxylin and eosin (H&E) to show the histological 
details and Masson's trichrome stain to detect the collagen 
fibers[19].

II. Immunohistochemical study:

Caspase-3: sections were subjected to staining with the 
primary rabbit polyclonal anti-caspase-3 antibody (Thermo 
Scientific, Lab Vision, USA)[20].
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III. Ultrastructure Study:

Cardiac samples from 4 rats in each group were 
processed for electron microscopy. A small portion of the 
left ventricle near the apex was excised, rapidly (within 1 
min) and minced into 1x1 mm² pieces, primary fixed in                                   
3 % glutraldehyde and 0.1 M phosphate buffer at pH 7.4, 
postfixed in osmium tetraoxide, processed and embedded in 
epon. Semithin sections (1 μm thick) stained with toluidine 
blue and examined by light microscope. Ultrathin sections 
(5080- nm thick) were contrasted with uranyl acetate 
and lead citrate and then examined with the transmission 
electron microscope (Seo-Russia) in Tanta E.M Center at 
faculty of medicine Tanta University[21,22]. 

RESULTS                                                                                

Histological, Histochemical and Ultrastructural 
Results

A- Group I (Control) 

Cardiac muscle fibers appeared as branching, 
anastomosing cylinders of uniform diameters and 
arranged in groups. They showed acidophilic sarcoplasm 
with central elongated vesicular nuclei, Flat deeply 
stained nuclei of fibroblast of C.T. endomysium were also 
seen (Figs. 1&2). In Masson trichrome stained sections, 
they showed few collagen fibers deposition between 
the cardiac muscle fibers (Fig. 3). Immunostaining for 
caspase-3 showed –ve reaction (Fig. 4)

Electron microscopic examination revealed nucleus 
with dispersed hetrochromatin. Cytoplasm showed 
alternates dark bands (A) which bisected by H zone and 
light bands (I) which bisected by Z line.  Mitochondria 
(M) with abundant cristae are distributed between 
myofibrils. The intercalated discs were seen (Fig. 5).

B- Group II (Melatonin group): 

Light microscopic examination revealed Cardiac 
muscle fibers with acidophilic sarcoplasm and central 
elongated vesicular nuclei almost similar to control            
(Fig. 6).

C-Group III (Doxorubicin group)

Light microscopic examination revealed Pale 
longitudinal cardiac muscle fibers. Some fibers showed 
dark acidophilic cytoplasm and pyknotic nuclei. Wide 
interstitium contained haemoarrge between muscle 

fibers was seen. The mononuclear inflammatory cells   
were seen between muscle fibers (Fig. 7). Areas of 
fibers loss and mononuclear cellular infiltrations in wide 
interstitium were detected. Also, rupture the wall of 
blood vessels and vacuoles in the wall of other vessels 
were seen (Fig. 8).

The Masson trichrome stained section showed 
excessive collagen fibers deposition inbetween cardiac 
muscle fibers and around congested blood vessels 
(Fig.9). Immunostaining for caspase -3 showed                           
strong +ve reaction in the affected cardiac muscle fibers 
(Fig.10).

Electron microscopic examination showed an apparent 
increase in the size and number of mitochondria and in 
mitochondrial matrix density (Fig. 11). Degenerative 
changes in mitochondria in the form of mitochondrial 
matrix lysis and loss of the cristae were also noticed 
(Fig. 12). Microfilaments disruption, thin myofibril 
and degeneration of intercalated disc were detected                                                                                                              
(Figs. 11- 13). Some areas showed disrupted Z-line 
(Figs. 11&13). However, some sections showed thick 
Z lines (Fig. 12& 14). Dilated T tubules& SER at Z 
lines were noticed (Figs. 13& 16). In addition, small 
nuclei with irregular nuclear membrane and clumps of 
heterochromatin were noticed (Fig. 11) Wide interstitium 
containing inflammtory cell and fibroblast were detected 
(Figs. 11, 13 & 15). In the wide interstitium between 
cardiomyocytes, the presence of oval shaped cell 
(Telocyte) with little amount of cytoplasm and nucleus 
with heterochromatin clumps was noticed. Telocyte 
showed thin long processes (Telopodes) with dilated 
portion (podoms). Telocyte surrounded another cell most 
probably progenitor cell. Telopodes surrounded part of 
cytoplasm containing most probably cell debris from 
degeneration of myofibrils (Figs. 14 -17).

C- Group IV (doxorubicin and melatonin)

 Light microscopic examination revealed appearance 
more or less similar to control group. Branching, 
anastomosing cylinders of myocytes with minimal 
amount of collagen fibers in C.T. interstitium was seen 
(Figs. 18 and 19). Immunostaining reaction for caspase-3 
showed –ve reaction (Fig. 20).

Electron microscopic examination showed cardiac 
muscle fibers of appearance more or less similar to 
control group. Dilated cisternae of SER & T tubules 
were noticed (Fig. 21). 
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Fig. 1: A section of rat’s myocardium of group I (control) 
showing branching and anastomosing cardiac muscle fibers with 
acidophilic sarcoplasm and central elongated vesicular nuclei (n). 
Flat dark nuclei of fibroblasts of C.T. endomysium were seen (F).
                                                                                  H&E  X 200

Fig. 2: Transverse section of rat’s myocardium of group I (control) 
showing cardiac muscle fibers with acidophilic sarcoplasm and 
some revealed central vesicular nuclei (n).                 H&E X200

Fig. 3: A section of rat’s myocardium of group I (control) 
showing few collagen fibers inbetween the cardiac muscle fibers.
                                                                                      M.T X400

Fig. 4: A section of rat’s myocardium of group I ( control) 
showing –ve immunostaining for caspase-3.       Caspase-3 X400

Fig. 5: An electron micrograph of part of rat’s myocyte of group 
I (control) showing part of nucleus with dispersed hetrochromatin 
(N). Cytoplasm with myofibrils showing alternates dark bands 
(A) which bisected by (H) zone & light bands (I) which bisected 
by Z line.  Mitochondria (M) with abundant cristae are distributed 
between myofibrils. Notice: the intercalated discs (D).       X4000

Fig. 6: A section of rat’s myocardium of group II (melatonin) 
showing cardiac muscle fibers with acidophilic sarcoplasm and 
central oval vesicular nuclei (n). Flat dark nuclei of fibroblasts 
are seen (F).                                                                  H&E  X200
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Fig. 7: A section of rat’s myocardium of group III (doxo) 
showing pale longitudinal cardiac muscle fibers. Some fibers 
reveal dark acidophilic cytoplasm and pyknotic nuclei (arrow). 
Wide interstitium containing RBCS (H) is seen between muscle 
fibers. Notice: the mononuclear inflammatory cells (I) between 
muscle fibers.          H&E X200

Fig. 8: A section of rat’s myocardium of group III (doxo) showing 
area of fibers loss (arrow). Some fibers with dark cytoplasm & 
pyknotic nuclei are seen (arrowheads). Mononuclear cellular 
infiltrations (I) and rupture the wall of blood vessels (V) are 
detected  in wide interstitium. Notice: vacuoles (*) in the wall of 
blood vessels.         H&E  X400

Fig. 9: A section of rat’s myocardium of group III (doxo) showing 
marked deposition of collagen fibers inbetween the cardiac 
muscle fibers and around congested blood vessel.       M.T X400

Fig. 10: A section of rat’s myocardium of group III (doxo) 
showing strong +ve immunostaining for caspase-3 in some cells.
                   caspase-3 X400

Fig. 11: An electronmicrograph of part of cardiac myocytes 
of group III (doxo) showing nucleus of cardiomyocyte with 
irregular nuclear envelope and clumps of heterochromatin(N). 
The cytoplasm shows thin myofibrils (arrow), numerous 
mitochondria(M) and disrupted Z line. Notice: The nucleus of 
fibroblast (F) in interstitium.                 X2000

Fig. 12: An electronmicrograph of rat’s myocardium of group 
III (doxo) showing mitochondria with lost cristae leaving empty 
space (arrow). Other mitochondria are aggregated together (M). 
Thick Z lines, disorganization of intercalated disc (arrow head) 
are seen.                  X4000
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Fig. 13: An electronmicrograph of rat’s myocardium of group III 
(doxo) showing myofibrils lose their architecture (*), dilated SER 
& T tubules (arrow) disrupted Z line & intercalated discs (D).
Notice: wide interstitium containing fibroblast (F).            X2000

Fig. 14: An electronmicrograph of rat’s myocardium of group 
III (doxo) showing wide interstitium containing telocyte (Tc) 
with its telopode (Tp) which contain dilated segment podom (*). 
Blood vessels (V) are also seen in the interstitium. Notice: Thick 
Z lines.                  X2000

Fig. 15: An electronmicrograph of rat’s myocardium of group 
III (doxo) showing telopodes (Tp) of telocyte near Inflammatory 
cells (I) and degenerated cardiac myocyte. Notice: dilated SER & 
T tubules (arrow).                   X2000

Fig 16: An electronmicrograph of rat’s myocardium of group III 
(doxo) showing interstitium contain nucleus of telocyte (Tc) with 
irregular nuclear envelope, clumps of hetrochromatin and scanty 
cytoplasm. The telopodes (Tp) with its podoms (*) are seen. 
Telocyte surrounds another cell (G). Notice: dilated SER & T 
Tubules (arrow).                X2000

Fig 17: An electronmicrograph of rat’s myocardium of group 
III (doxo) showing the telpods (Tp) with its dilated podoms (*) 
surrounding part of cytoplasm. Tp  surrounding cell debris from 
degeneration of myofibrils.                X1500

Fig. 18: A section of rat’s myocardium of group IV (doxo and 
melatonin) showing the cardiac muscle fibers with appearance 
more or less similar to control. Note: vesicular nuclei (n) of 
cardiac muscle fiber & Flat dark nuclei (F) of fibroblast of C.T. 
endomysium are seen.        H&E X200
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Fig. 19: A section of rat’s myocardium of group IV (doxo and 
melatonin) showing minimal deposition of collagen fibers in the 
C.T. interstitium.            M.T X400

Fig. 20: A section of rat’s myocardium of group IV (doxo and 
melatonin) showing -ve immunostaining reaction for caspase -3.
                 caspase -3 X400

Fig.21: An electronmicrograph of rat’s myocardium of group IV 
(doxo and melatonin) showing appearance more or less similar to 
control of cardiac muscle fibers are seen. Notice: Dilated SER & 
T tubules (arrow).                 X2000

DISCUSSION                                                                  

Inspite of the antitumor effect of Doxorubicin, it 
had cardiotoxic effect by different mechanisms other 
than those mediating its antitumor activity. A concept 
which has raised hopes for protecting the heart without 
decreasing antitumor response[23]. After reviewing 
light and electron microscopic results, it was proved 
that doxorubicin had harmful effects on the structure 
of the myocardium and led to myocardial injury. 

Light microscopic examination of the present 
study in DOX treated group revealed cytoplasmic 
vacuolation of some muscle fibers. These findings 
were in agreement with Liu et al.[11] and Pathan et 
al. [1]. Some fibers with dark cytoplasm and pyknotic 
nuclei and areas of fibers loss were seen. These results 
were confirmed with an apparent increase of caspase 
immunoreactivity of some muscle fibers in Doxo treated 
animals. This was confirmed by results of several                                                                                              
investigators [5,24- 26].

Also, some investigators revealed the significance 
of the caspase-3- activated apoptotic pathway in the 
mechanism of DOX induced myocardial cell death. 
Furthermore, they stated that activated caspase is 
localized at the Z-line and therefore is able to cleave 
cardiac myofilaments directly [27,28].

In the present study Dox treated group showed 
widening interstium, rupture of wall of blood vessels 
with area of hemorrhage between muscle fibers. 
Marked vascular dilatation was noticed; this coincided 
with the work of other authors who added that increased 
accumulated blood cells between the damaged cardiac 
myocytes were noticed[29].

Inflammatory cellular infiltration was observed 
after doxorubicin treatment. These finding were 
coincided with other investigations[30,31]. Excessive 
deposition of collagen fibers in DOX treated group was 
seen. This may be due to lipid peroxidation caused by 
doxorubicin that stimulated collagen formation.[32,33]. 
Some scientists found that oxidative reactions directly 
stimulate procollagen Type1 gene expression which 
contributes to the development of collagen fibers[32].

The previous light microscopic changes of Doxo 
group were confirmed by electron microscopy which 
showed disorganization of sarcomeres, myofibrillar 
degeneration with thinning of myofibrils bundle and 
empty spaces between them. Some fibers however, 
preserved normal fine structure. This result was in 
agreement with other researchers[7,34].

Mitochondria of some myocytes of Doxo treated 
group appeared to have apparent small size or 
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have broken cristae and lysis and fragmentation of 
mitochondrial matrix. Mitochondria were the primary 
target for Doxo cardiotoxoicity as they expressed 
unique enzyme on the inner membrane that is 
able to reduce anthracyclines to their semiquinone                
derivatives[7,34]. 

Lipid peroxidation makes changes in the 
mitochondrial membrane permeability &stability and 
then inhibits enzymatic activities that are important 
for oxidative phosphorylation and ATP production. 
Thus, the whole metabolic reactions decrease and this 
condition gradually lead to cell death[34].

Mitochondria were the primary sites of energy 
production so mitochondrial injury would severely 
decrease the contractile function of cardiac myocytes 
by reducing energy metabolism[11].

On the other hand, some myocytes in the present 
study have apparent increased number &size of 
mitochondria. Some previous studies stated that the 
increase in the number and size of the mitochondria 
could be a compensatory adaptive mechanism of 
cells to supply the energy needed for all the reactions 
including the metabolic activity [18].

Furthermore, the adjacent mitochondria might 
fuse and try to decrease intracellular reactive oxygen 
radical levels by reducing the consumption of oxygen. 
These findings seem to be in close relation to those 
appearing in the related literatures[35,36,37,38]. That 
explained that formation of megamitochondria was 
based on morphological and biochemical alterations 
in membranes of mitochondria. 

In the doxorubicin-treated group, degenerative 
changes in cardiocytes with myofibrils loss, disrupted 
Z line and I bands were noticed. Many investigators 
revealed that, these ultrastructural changes may 
be related to doxorubicin interaction with actin 
myofilaments which is an essential component of the 
Z lines and thin filaments[18,39].

Apparent thickened Z lines in some area in Doxo 
treated group in the present study was explained by 
Mariano[40] who reported that doxorubicin caused actin 
polymerisation. On the other hand, Z lines appeared 
disrupted in other areas due to inhibition of protein 
synthesis and decrease in the level of cytoplasmic 
actin[40,41]. Disruption in intercalated disc could be 
detected. This resulted in disruption in transmission of 
contractile forces[18].  

The cytoplasmic vacuolization detected in 
doxorubicin treated animals could be attributed to 
sarcoplasmic reticulum and T tubules dilatation at Z 
line[24]. This was in harmony with other scientists who 

suggested that the dysfunction of the sarcoplasmic 
reticulum accelerated after the completion of Doxo 
treatment due to hydropic degeneration of their 
membranes[42].

In Doxorubicin-treated group, it was noticed that, 
the presence of oval shaped cell with little amount of 
cytoplasm in the interstitium. Its nucleus contained 
heterochromatin clumps. Also, it had thin long 
processes with dilated portion. This interstitial Cajal-
like cells (ICLC), had been described for the first time 
by Hinescu and Popescu in 2005[43]. This study was 
then followed by an ascending trend of publications 
regarding the morphology, phenotype and distribution 
of myocardial ICLC in diverse species. Recently 
the new term ‘telocytes’ has been proposed for cells 
formerly known as ICLC, and the term ‘telopodes’ 
has been proposed for the prolongations of these cells. 
Telocytes are a distinct type of stromal cells described 
in the cardiac interstitium and termed ‘telocytes’ 
because of their long, slender processes (telopodes Tp) 
embracing the myocardial cells. The identification of 
these cells was based on ultrastructural criteria[44,45].

The present study of Doxo treated group revealed 
telopodes surrounded other cells most probably 
progenitor cells. This was confirmed by other 
researches which stated that telocytes were present in 
subepicardial niche in adult rodents to guide myocardial 
precurors and played role in heart regeneration. Also, 
it had a stem cell nursing function in the cardiac stem 
cell niche. In this case, they formed three-dimensional 
network which direct and guard myocardial 
regeneration[44].  In our study telopodes surrounded 
part of cytoplasm contained most probably cell debris 
from degeneration of myofibrils. This coincided with 
other scientists who stated that telocyte improved 
the reconstruction of the CT network by decreasing 
myocardial fibrosis. Also, it increased vascularity by 
increased VEGF. Myocardial telocytes and telopodes 
were involved in intercellular signaling. They secreted 
small signal molecules and shed microvesicles & 
exosomes that transfer macromolecules for repair 
of myocardial cells. So TCs might be key players in 
regeneration/repair of myocardium[46,48].

 As regards Doxorubicin-induced myocardial injury 
is known to have multiple mechanisms of action, 
most accepted one of them may be mediation of free 
radicals (ROS)[4,48]. Also, Doxo– mediated alteration 
of calcium hameostasis has been suggested to be one 
of mechanisms of cardiotoxicity. Doxo accelerate 
the probability opening of sarcoplasmic reticulum 
calcium channels, inhibits Na+ – Ca2+ exchanger and 
this can cause calcium overload of sarcoplasm which 
led to membrane injury and apoptosis. Also, may 
render mitochondrial calcium overloading resulting 
in alteration of energy metabolism and generation of 
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reactive oxygen species as explained by Waring[49] and 
Kim et al.[50].

In this study, the histological results of Doxo-
melatonin (group IV) showed light microscopic 
results more or less similar to control. It revealed –ve 
reaction of caspase -3. This was in agreement with the 
previous findings of other investigators[11,51]. Electron 
microscopic examination revealed dilated cisterne of 
SER and T tubules.

In the present study, melatonin had its improvement 
activity through various mechanisms including its 
antiapoptotic and antioxidants effects[11,12] to reduce 
the effects of free radicals. Furthermore, the concurrent 
treatment with melatonin might be led to inhibition of 
peroxidation of lipid. These results were also similar 
to the observation of some authors[51].

CONCLUSION                                                            

In conclusion, from the present study it was cleared 
that melatonin treatment, before and in concurrent with 
doxorubicin, markedly attenuated DOX – induced 
cardiomyopathic changes and myocardial injury. 

It was recommended to use melatonin in concurrent 
with doxorubicin in cancer treatment. This was based 
on the previous studies that proved that melatonin did 
not influence antitumor effect of Dox. So, the combined 
treatment of DOX and MEL made an effective and 
safe chemotherapeutic strategy.
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الملخص العربى

الدور الوقائي المحتمل لماده الميلاتونين على قلب الفأر الذكر الأبيض البالغ تحت تأثير عقار 
دوكسوروبيسين 

رانيا ياسين وأميرة فهمي

قسم علم الأنسجة - كلية الطب - جامعة المنوفية - المنوفية - مصر

المقدمة: اجري هذا البحث لدراسة التغيرات الهستولوجية و التركيبية الدقيقة والهستوكيمائية المناعية في قلب الفار الابيض البالغ  
بعد حقن جرعات متكررة من عقار الدوكسوروبيسين والدور الوقائي المحتمل لعقار الميلاتونين كمادة مضادة للاكسدة.

 : اربع مجموعات  الي  البالغة قسمت  البيضاء  الذكور  الفئران  الدراسة عدد اربعون من  البحث: استخدم في هذه  مواد وطرق 
المجموعة الاولي: مجموعة ضابطة مكونة من 10 فئران وقد تم حقن 5 فئران بمحلول ملحي و5 فئران اخري بكحول الايثانول  

بنفس التركيز والطريقة والمدة المتبعة في المجموعات المقابلة.
 المجموعة الثانية: مكونة من 10 فئران اعطيت الفئران عقار الميلاتونين عن طريق الحقن في الغشاء البريتوني بجرعة 6 مجم 

لكل كجم من وزن الجسم كل يوم لمدة 15 يوم.
المجموعة الثالثة:مكونة من 10فئران اعطيت الحيوانات عقار الدوكسوروبيسين عن طريق الحقن في الغشاء البريتوني بجرعة 

3  مجم لكل كجم من وزن الجسم كل يوم لمدة  4 ايام.
المجموعة الرابعة : مكونة من 10 فئران اعطيت الحيوانات عقار الدوكسوروبيسين والميلاتونين بفس الطريقة والمدة والجرعات 
السابقة وتم التضحية بالحيوانات بعد انتهاء اخر جرعة في كل مجموعة وتجهيزها لدراسة هستولوجية وتركيبية دقيقة  وهستوكيمائيه 

مناعيه باستخدام مادة كاسبس -3. 
النتائج: وقد اظهرت نتائج هذه الدراسة ان الدوكسوروبيوسين له التاثير المدمر علي عضلة القلب حيث لوحظ ان عضلة القلب 
قد فقدت نظام ترتيب الالياف مع تهتك وتحلل هذه الالياف هذا بالاضافه الي احتقان الاوعية الدموية .اما مظاهر الموت المبرمج 
الصبغية علي حوافها. هذا  المادة  الانوية وكذلك تركز  الايوسين وانكماش  التفاعل لصبغة  فقد كانت في صورة زيادة  للخلايا 
بالاضافة الي الزيادة الظاهرية في عدد الميتوكوندريا وتلف عدد كبير منها  وتمدد الشبكة الاندوبلازمية الملساء. وتم ملاحظة 
خلايا ذات شكل مميز تدعي تيلوسيت. وقد أظهرت الدراسة الهستوكيميائية المناعية لنشاط مادة الكاسباس – 3 – ( كدليل على 

الموت المبرمج للخلايا ) تفاعلا موجبا بعد تعاطي عقار الدوكسوريبيسين. 
الخلاصة: وقد اختزل الميلاتونين التأثير الضار للدوكسوروبيسين من الناحية الهستولوجية وكذلك من ناحية التفاعل الموجب 
لمادة الكاسباس – 3. لذا فإننا نوصي بإجراء المزيد من الدراسات والتجارب الإكلينيكية لإثبات فاعلية هذه المادة بالنسبة لمرضى 

السرطان.


