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Abstract: Myocardial infarction (MI) is the most frequent diagnosis made in majority of sudden death cases sub-
jected to clinical and medicolegal autopsies. When sudden death occurs at a very early stage of MI, traditional 
macroscopic examination, or histological stains cannot easily detect the myocardial changes. For this reason we 
propose a new method for detecting MI at an early stage. Murine model of MI was used to induce MI through per-
manent ligation of left anterior descending branch of left coronary artery. Five groups of C57B6/J mice were used 
for inducing MI, which includes 20 minutes, 30 minutes, one hour, four hours and 24 hours post MI groups. One 
naïve group and sham-operated groups were used as controls. There is loss of dystrophin membranous staining in 
cardiac myocytes occurs as early as 20 minutes post myocardial infarction. This can be used as a novel method to 
diagnose early myocardial infarction in post mortem cases where diagnosis is unclear. In conclusion, evaluation of 
immunohistochemical expression of dystrophin represents a highly sensitive method for detecting early myocardial 
infarction due to the loss of staining in the infarcted areas. Dystrophin immunostaining can also be used to assess 
myocardial architecture.
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Introduction

Myocardial infarction (MI) is the most frequent 
diagnosis made in majority of sudden death 
cases subjected to clinical and medicolegal 
autopsies. The diagnosis of MI is accepted in 
many instances when significant narrowing of 
one or more major coronary vessels is found at 
autopsy without visualization of the infarcted 
myocardial tissue. This criterion is usually 
applied in cases where the patient did not sur-
vive for sufficient time for either macroscopic or 
microscopic features of MI to appear after sus-
taining fatal ischemic attack [1].

In these situations where sudden death occurs 
at a very early stage of MI, the myocardial 
changes are non-specific and cannot easily be 
detected by traditional macroscopic examina-
tion, or histological stains.

A comparative study [2] on various immunohis-
tochemical methods for detection of early myo-

cardial infarction reviewed various markers that 
can help diagnose early myocardial infarction. 
Complement complex C5b-9 [3], desmin, 
Masson’s trichrome stain [4], myoglobin, actin, 
tropomyosin [5] and fibronectin [6] have con-
tributed to the attempts of early detection of 
MI; either alone or in combination with other 
techniques [7]. Immunohistochemical detec-
tion of Cardiac troponin I [8] and Heart fatty 
acid binding protein (H-FABP) [9] have claimed 
high sensitivity and specificity for detecting 
myocardial infarction in postmortem cases, but 
search for a novel marker that can reliably diag-
nose early myocardial infarction at autopsy is 
an area of ongoing research and controlled ani-
mal studies are an essential part in clarifying 
this role.

Myocardial ischemia/infarction is a multifacto-
rial injurious event that involves all the compo-
nents of the cardiac myocyte [10]. The transi-
tion of reversible to irreversible acute myocardial 
ischemic injury is characterized by cell swelling; 
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severe damage to the membrane- associated 
proteins and sarcolemma and altered tran-
scription and translation processes [11, 12].

Proteins in cardiomyocytes that provide struc-
tural stability to the cell membrane and links 
the extracellular and intracellular environments 
can be divided into three groups: the dystro-
phin-associated protein complex; the vinculin– 
integrin link; and the spectrin-based submem-
branous cytoskeleton [13, 14].

Dystrophin, a 427-kD cytoskeletal protein, is a 
member of the β-spectrin/α- actinin protein 
family [15]. It has an F-actin binding site at its 
N-terminus and a β-dystroglycan binding site at 
its C-terminus. Dystrophin and the dystrophin-
associated proteins (dystroglycans, sarcogly-
cans, sarcospan, dystrobrevin, and syntro-
phins) form a complex [16], which is involved in 
contractile force transmission and stabilization 
of the plasma membrane [17]. Dystrophin links 
the transmembrane dystrophin complex and 
the laminin receptor to intracellular cytoskele-
tal actin and talin [18, 19].

In myocardial ischemia, sarcolemmal separa-
tion causing sub-sarcolemmal bleb formation is 
facilitated by dissociation of dystrophin from 
the membrane [20]. Here we show that loss of 
dystrophin membranous staining in cardiac 
myocytes occurs as early as 20 minutes post 
myocardial infarction in a murine model of myo-
cardial infarction. This can be used as a novel 
method to diagnose early myocardial infarction 
in post mortem cases where diagnosis is 
unclear.

Material and methods

Animal groups

C57B6/J mice are divided into 5 groups. Group 
I (n = 5): 20 min post MI, Group II (n=5): 30 min 
post MI, Group III (n=5): 1 hour post MI, Group 
IV (n=5): 4 hour post MI and Group V (n=5): 24 
hour post MI. Samples from non-operated ani-
mals (Normal mice; n = 5), and from sham oper-
ated animals (n = 2) for each mentioned time 
points are also studied and used as controls. 
The Animals Research Ethics Committee of the 

Figure 1. Representative ECG records of the 4 groups of murine model of myocardial infarction. A, B, C, D: 20 min-
utes post MI group; A: baseline record showing unremarkable changes, B, C & D: for 5, 10 & 20 minutes post LAD 
ligation respectively showing ST elevation with widening of QRS. E, F, G, H: 30 minutes post MI group; E: baseline 
record showing unremarkable changes; F, G & H: for 10, 20 & 30 minutes post LAD ligation respectively, showing 
ST elevation with widening of QRS. I, J, K, L: 60 minutes post MI group; I: baseline record showing unremarkable 
changes. J, K & L: for 10, 20 & 60 minutes post LAD ligation respectively, showing ST elevation with widening of QRS. 
M, N, O, P: 4 hours post MI group; M: baseline record showing unremarkable changes, N, O, & P: for 5, 10 and 15 
minutes post LAD ligation respectively showing ST elevation with widening of QRS.
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Faculty of Medicine and Health Sciences, UAE 
University approves all experimental animal 
procedures.

Murine model of myocardial infarction

C57B6/J mice (male, age: 12-16 weeks; wt: 
20-25g) are anesthetized by intraperitoneal 
injection of a combination of Ketamine (100mg/
kg) and Xylazine (10mg/kg). The mice are then 
intubated by transesophageal illumination 
using a modified 22-gauge plastic cannula and 
fixed on the operating pad in the supine posi-
tion by taping all four extremities. The mice are 
connected to a mouse ventilator (Harvard 
apparatus Minivent Hugo Sachs Electronik) 
which supplied room air supplemented with 
100 % oxygen (tidal volume 0.2 ml/min., rate 
120 strokes/min). Rectal temperature is con-
tinuously monitored and maintained within 
37-38°C using a heat pad. The lead II ECG 
(ADInstrument multi-channel recorder inter-
faced with a computer running Power lab 4/30 
data acquisition software) is recorded from 
needle electrodes inserted subcutaneously. 
Myocardial infarction is induced in the mice by 
permanently occluding the left anterior 
descending coronary artery (LAD) as described 
earlier [21, 22].

Briefly, the chest is opened with a lateral inci-
sion at the 4th intercostal space on the left side 
of the sternum. Next the chest wall is retracted 
for better visualization of the heart. With mini-
mal manipulation, the pericardial sac is 
removed and the left anterior descending 
artery (LAD) is visualized with a stereomicro-
scope (Zeiss STEMI SV8). An 8-0 silk suture is 
passed under the LAD and ligated 1mm distal 
to left atrial appendage. Occlusion is confirmed 
by observing immediate blanching of the left 
ventricle post ligation. An accompanying ECG 
recording will show characteristic ST-elevation, 
which will further confirm ischemia. The chest 
wall is closed by approximating the third and 
fourth ribs with one or two interrupted sutures. 
The muscles are returned back to their original 

position and the skin closed with 4-0 prolene 
sutures. The animal is gently disconnected 
from the ventilator and spontaneous breathing 
is seen immediately. Postoperative analgesic 
(Butorphanol 2mg/kg, s/c, 6 hourly) is given at 
the end of the procedure. According to the 
experimental protocol, mice are sacrificed after 
induction of myocardial infarction with desired 
time of ischemia. Sham operated mice under-
went exactly the same procedure described 
above, except that the suture passed under the 
LAD is left open and untied.

Tissue processing: Hearts were excised, 
washed with ice-cold phosphate buffer saline 
(PBS), and blotted with filter paper. Each heart 
was sectioned into coronal slices of 2mm thick-
ness then cassetted and fixed directly in 10% 
neutral formalin for 24 hours, which was fol-
lowed by dehydration in increasing concentra-
tions of ethanol, clearing with xylene and 
embedding with paraffin. Three-μm sections 
were prepared from paraffin blocks and stained 
with Hematoxylin and eosin (H&E). The stained 
sections were evaluated by the histopatholo-
gist that participates in this project using 
Olympus light microscopy.

Immunohistochemistry: Three-μm sections 
were prepared and mounted on aminopropyl-
triethoxysilane-coated slides. After dewaxing 
with xylene and rehydrating with graded alco-
hol, slides were placed in a 0.01 M citrate buf-
fer solution (pH=6.0) and pre-treatment proce-
dures to unmask the antigens was performed 
in a microwave oven for 10 minutes. Then, sec-
tions were treated with peroxidase block for 60 
minutes followed by protein block for 60 min-
utes. Sections were over night incubated with 
Dystrophin (rabbit polyclonal antibody 1:300, 
Thermo Scientific, USA) at 4°C. Then sections 
were washed with PBS for 15 minutes in three 
changes then incubated with bioten-labled sec-
ondary antibody (Thermo Scientific, USA) for 20 
minutes at room temperature, which was fol-
lowed by washing in PBS for 15 minutes in 3 
changes. After that, sections were incubated 

Figure 2. A, C: Naïve and sham heart sections showing preservation of morphology of cardiac myocytes and cardiac 
tissue architecture, H & E. B, D: Naïve and sham heart sections showing thick sarcolemmal staining of dystrophin 
completely encircling cardiac myocytes (arrow head) forming a fishnet pattern of normal architecture. Immunoper-
oxidase streptavidin-biotin method. E, G: Representative sections from hearts of 20 minutes and 30 minutes post 
LAD ligation respectively, showing preservation of cardiac myocytes morphology and architecture, H&E. F, H: There 
is focal complete loss of sarcolemmal dystrophin staining (thin arrows) and focal loss of the fishnet pattern. There is 
partial loss or interrupted sarcolemmal staining of dystrophin in cardiac myocytes surrounding the area of complete 
loss of staining (arrow head), Immunoperoxidase streptavidin-biotin method.
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Figure 3. A, C: Representative sections from hearts of 60 minutes and 4 hours post LAD ligation respectively, showing 
focal area of interstitial edema and increased eosinophilia of cardiac myocytes (thick arrows), H&E. B, D: There is 
focal complete loss of sarcolemmal dystrophin staining (thick arrows)and focal loss of the fishnet pattern. There is 
partial loss or interrupted sarcolemmal staining of dystrophin in cardiac myocytes surrounding the area of complete 
loss of staining (thin arrows) and maintaining membranous dystrophin pattern at the periphery (arrow heads). 
Immunoperoxidase streptavidin- biotin method. E: Representative section from hearts of 24 hours post LAD ligation, 
showing coagulative necrosis of cardiac myocytes with loss of cross striation, deep eosinophilia (thick arrows), 
interstitial edema and many neutrophil polymorphs (thin arrows), H & E. F: There is complete loss of sarcolemmal 
dystrophin staining (thick arrows)and loss of the fishnet pattern. Only few foci of residual faint sarcolemmal staining 
(thin arrows) are seen, Immunoperoxidase streptavidin-biotin method.

with streptavidin –peroxidase complex (Thermo 
Scientific, USA) for 20 minutes at room temper-

ature followed by washing in PBS for 15 min-
utes in 3 changes. DAB chromogen (Thermo 
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Scientific, USA) was added to all sections for 5 
minutes, which was followed by washing in PBS 
and counter staining with haematoxylin. 
Sections were dehydrated, cleared and mount-
ed in DPX. Appropriate positive controls were 
used. For negative control, the primary anti-
body was not added to sections and the whole 
procedure carried out in the same manner as 
mentioned above.

Results

Naïve and sham operated heart samples

The H&E- stained sections revealed normal 
architecture and morphology of cardiac myo-
cytes (Figure 2A and C). The immunohisto-
chemical stain with anti-dystrophin antibody 
showed thick membranous (sarcolemmal) 
brown staining which completely encircled the 
cardiac myocytes forming a fishnet pattern 
(Figure 2A and C). The intensity of staining is 
uniformly strong and diffusely distributed 
across all cardiomyocytes (Figure 2B and D). 
The ECG record was unremarkable (Data is not 
shown).

Heart samples 20 and 30 minutes post myo-
cardial infarction

The H&E- stained sections of both 20 and 30 
minutes post MI heart samples revealed con-
servation of normal architecture and morphol-
ogy of cardiac myocytes. There was no neutro-
phil polymorph infiltration of the left ventricle 
(Figure 2E and G). There was no demarcated 
area of coagulative necrosis or any loss of car-
diac myocytes within the left ventricle. Wavy 
cardiac myocytes were seen focally in the apex 
of the heart (Data is not shown).

The immunohistochemical stain with anti-dys-
trophin antibody showed well demarcated foci 
of complete loss of membranous (sarcolem-
mal) staining of dystrophin in cardiac myocytes 
in the left ventricle and within the region of LAD 
supply (Figure 2F and H). Areas of partial loss 
of membranous staining of dystrophin were 
seen in vicinity to those with absent dystrophin 
staining (Figure 2F and H). These areas delin-
eate foci of coagulative necrosis as a result of 
ligation of LAD, which were not identified by the 
routine H&E staining (Figure 2E and G). In addi-
tion, areas with interstitial edema identified 
with H&E stain was observed to be associated 
with partial absence of dystrophin staining 

(Figure 2F and H). Areas of loss of dystrophin 
were larger in 30 minutes than that seen in 20 
minutes post MI sections. The ECG showed per-
sistent ST elevation at 5, 10, 15, 20 and 30 
minutes post ligation of the LAD (Figure 1B-H) 
confirming acute MI.

Heart samples 60 minutes and 4 hours post 
myocardial infarction

The H&E- stained sections from heart samples 
1 hour and 4 hours post MI revealed foci of 
interstitial edema with increased eosinophilia 
of cardiac myocytes (Figure 3A and C). There 
was no neutrophil polymorph infiltration of the 
left ventricle (Figure 3A and C) similar to the 20 
and 30 min post MI samples. Wavy cardiac 
myocytes were seen in the apex of the heart as 
was seen in the previous time points with addi-
tional wavy fibers seen at anterior wall of left 
ventricle in 4 hour post MI samples (Data not 
shown).

The immunohistochemical stain with anti-dys-
trophin antibody showed well demarcated 
areas of complete loss of membranous (sarco-
lemmal) staining of dystrophin in cardiac myo-
cytes (Figure 3B and D). The identified areas of 
complete loss of dystrophin staining were larg-
er than that seen in 30 minutes post MI sec-
tions. Incomplete loss of dystrophin was also 
seen around areas of complete loss of dystro-
phin and in cardiac myocytes surrounded by 
interstitial edema (Figure 3B and D). Foci of 
deep eosinophilia in cardiac myocytes at 4h 
post MI corresponded well with areas of com-
plete loss of dystrophin (Figure 3C and D). The 
ECG showed persistent ST elevation at 5, 10, 
15, 20, 30 and 60 minutes (Figure 1J-L, N-P) 
confirming acute MI.

Heart samples 24 hours post myocardial 
infarction

The H&E- stained sections of 24 hour post MI 
heart samples showed loss of normal architec-
ture and morphology of cardiac myocytes in the 
left ventricle within the areas supplied by LAD 
(Figure 3E). There was well demarcated area of 
coagulative necrosis with loss of nuclei and 
cross striation (Figure 3E). There was heavy 
neutrophil polymorphs infiltration of the infract-
ed area associated with prominent interstitial 
edema (Figure 3E). Areas around coagulative 
necrosis showed interstitial edema with com-
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plete detachment of some cardiac myocytes 
which attained rounded morphology (Figure 
3E).

The immunohistochemical stain with anti-dys-
trophin antibody showed well demarcated 
areas of complete loss of membranous staining 
of dystrophin in cardiac myocytes in the left 
ventricle and within LAD supply region (Figure 
3F). A characteristic difference that we 
observed was that the areas showing loss of 
dystrophin staining are larger than the infract-
ed area seen by the H&E staining. In addition, 
areas with loss of dystrophin staining are larger 
than that seen in 4-hour post MI. Rounded car-
diac myocytes that are seen in areas of intersti-
tial edema show complete loss of dystrophin 
staining (Figure 3E and F).

Discussion

Myocardial ischemia for 20-24 minutes causes 
irreversible cellular injury which is marked by 
leaky cell membranes and release of proteo-
lytic enzymes and other molecules [23]. 
Ischemic cell death involves morphological 
changes in the sarcolemmal membrane which 
include formation of subsarcolemmal blebs, 
detachment of sarcolemmal membranes from 
the basement membrane, focal attenuation of 
the glycocalyx, loss of an amorphous electron 
dense layer from the internal surface of the sar-
colemma and appearance of focal discontinui-
ties in the lipid bilayer [20].

Detecting an acute MI in autopsy prior to neu-
trophilic infiltration is often very difficult on H&E 
staining. Examination of H&E stained sections 
will not identify ischemic lesions until more 
than 6 hours post-infarction [1]. Wavy fibers 
seen one to three hours after irreversible isch-
emic injury are thought to be due to intercellu-
lar edema separating the dead myocytes as the 
surrounding normal contracting myocardium 
pulls on them [1]. In our study, wavy fibers are 
seen as early as 20 minutes post MI and are 
seen mainly in the apex. Contraction bands 
with loss of cross striations may be seen at the 
same time as wavy fibers, and are present at 
the edge of the infarct [1]. Area of wavy fibers, 
contraction bands and loss of cross striations 
are non-specific and may be easily missed 
especially if they are small. Neutrophilic infiltra-
tion begins after 6 hours which peaks at two to 

three days with true coagulation necrosis in the 
myocardium seen after 18 hours [1, 5, 24].

It is known that at post mortem examination, 
the gross and microscopic findings of myocar-
dial infarction are identifiable at least 6-24 
hours after MI. Hence, if the patient dies within 
6 hours after sustaining MI, using the non-spe-
cific gross and microscopic criteria for diagnos-
ing MI, is not only unreliable but it is misleading 
and will result in over diagnosis of MI as a cause 
of death.

For these reasons we propose a new method 
for detecting myocardial infarction at an early 
stage. The immunohistochemical staining in 
our study indicates that the depletion of dystro-
phin could be detected as early as 20 min after 
myocardial infarction in murine hearts, which 
strongly suggests that loss of dystrophin stain-
ing in cardiomyocytes can be used as a valu-
able and reliable marker for the confirmation of 
very early myocardial damage in autopsy mate-
rial. Although, membranous loss of dystrophin 
was reported for the first time in a rat heart 
model of isoproterenol toxicity, it was not 
reported to be used to detect early myocardial 
infarction with the time points that are used in 
this study [25].

The murine model of myocardial infarction is a 
well established model to study protein and 
gene expressions after LAD ligation. The signifi-
cance of this model in this study relies to the 
fact that the time points are well controlled and 
show the sequence of events after myocardial 
infarction correlating well with loss of dystro-
phin. In addition, tissue fixation and processing 
is optimum and controlled to overcome any 
changes due to inappropriate fixation and tis-
sue processing that might affect the H&E or the 
immunohistochemical staining. Furthermore, 
dystrophin immunostaining can be done on 
fixed and paraffin-embedded tissue sections, 
which makes it valuable in retrospective stud-
ies. Moreover, immunohistochemical proce-
dures on paraffin-embedded tissue are done 
routinely in histopathology laboratories which 
make the application of dystrophin staining on 
postmortem tissue feasible.

Besides, we show the characteristic fishnet 
pattern of dystrophin staining in normal myo-
cardium. Hence dystrophin staining can also be 
used to study the basic architecture of cardiac 
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myocyte and to detect any abnormality in myo-
cardial architecture.

Our results show a time-dependent depletion 
of dystrophin after acute MI. There is increase 
in the area of dystrophin loss with the increase 
in post MI time.

Reduction or absence of dystrophin implies 
rupture of the physical linkage that anchors the 
actin-based subsarcolemmal cytoskeleton and 
the sarcomeres to the sarcolemma, which may 
be related to impairment of contractile force 
transmission [26]. This breakdown of the link 
with the cytoskeleton impairs the sarcolemmal 
structural support, destabilizing and rendering 
it more vulnerable to subsequent damage [20, 
27].

The damage of the sarcolemma leads to an 
increase in the permeability of the membrane. 
The correlation between loss of dystrophin and 
increased sarcolemmal permeability in isch-
emic myocardium has been demonstrated by 
Armstrong et al. in tissue and isolated cells [20, 
27].

The absence of immunohistochemical staining 
of dystrophin could occur either due to the loss 
of specific protein, alteration of antigenic bind-
ing sites or redistribution of the protein. 
Armstrong et al [20] provides evidence that the 
redistribution of dystrophin accounts for sarco-
lemmal membrane dystrophin loss during isch-
emia; however, a decrease in transcriptional 
activity of ischemic cells might also be a cause 
of loss of expression of dystrophin [10].

Our results also show that with the occlusion 
time for LAD prolonged, the depletion of dystro-
phin was more evident and affected area big-
ger. In the 24 hours post MI samples, the area 
with dystrophin loss was considerably larger 
than the area seen when examining H&E 
stained sections, implying that the actual area 
of myocardium that sustained damage was 
much bigger than that observed by routine H&E 
stains even at 24 hours MI time point.

We have no data regarding the effect of autoly-
sis on dystrophin expression, but we can 
assume that if autolysis has affected the heart 
in post mortem cases, the dystrophin loss will 
be diffuse in all areas of the heart and not con-
fined to the ventricles, as is the case in fatal 
myocardial infarction.

In conclusion, evaluation of immunohistochem-
ical expression of dystrophin represents a high-
ly sensitive method for detecting early myocar-
dial infarction due to the loss of staining in the 
infarcted areas. Dystrophin immunostaining 
can also be used to assess myocardial archi-
tecture. Studies on human autopsy specimens 
are needed to fully elucidate its potential as a 
marker for early myocardial infarction in cases 
where the cause of death is unclear.

Acknowledgement

The authors would like to acknowledge Ms 
Manjusha Sudhadevi from Department of 
Pathology, Faculty of Medicine& Health 
Sciences, United Arab Emirates University for 
her technical efforts in doing the immunohisto-
chemical staining.

Address correspondence to: Dr. Suhail Al-Salam, 
Department of Pathology, Faculty of Medicine and 
Health Sciences, United Arab Emirates University, 
Alain PO box 17666, UAE. E-mail: suhaila@uaeu.
ac.ae

References

[1]	 Bouchardy B, Majno G. Histopathology of early 
myocardial infarcts. A new approach. Am J 
Pathol 1974; 74: 301-30.

[2]	 Ortmann C, Pfeiffer H, Brinkmann B. A com-
parative study on the immunohistochemical 
detection of early myocardial damage. Int J Le-
gal Med 2000; 113: 215-220.

[3]	 Thomsen H, Held H. Immunohistochemical de-
tection of C5b-9(m) in myocardium: an aid in 
distinguishing infarction-induced ischemic 
heart muscle necrosis from other forms of le-
thal myocardial injury. Forensic Sci Int 1995; 
71: 87-95.

[4]	 Ouyang J, Guzman M, Desoto-Lapaix F, Pincus 
MR, Wieczorek R. Utility of desmin and a Mas-
son’s trichrome method to detect early acute 
myocardial infarction in autopsy tissues. Int J 
Clin Exp Pathol 2009; 3: 98-105.

[5]	 Brinkmann B, Sepulchre MA, Fechner G. The 
application of selected histochemical and im-
munohistochemical markers and procedures 
to the diagnosis of early myocardial damage. 
Int J Legal Med 1993; 106: 135-141.

[6]	 Hu BJ, Chen YC, Zhu JZ. Immunohistochemical 
study of fibronectin for postmortem diagnosis 
of early myocardial infarction. Forensic Sci Int 
1996; 78: 209-217.

[7]	 Edston E. Evaluation of agonal artifacts in the 
myocardium using a combination of histologi-

mailto:suhaila@uaeu.ac.ae
mailto:suhaila@uaeu.ac.ae


Detection early myocardial infarction

257	 Int J Clin Exp Pathol 2013;6(2):249-257

cal stains and immunohistochemistry. Am J 
Forensic Med Pathol 1997; 18: 163-167.

[8]	 Hansen SH, Rossen K. Evaluation of cardiac 
troponin I immunoreaction in autopsy hearts: a 
possible marker of early myocardial infarction. 
Forensic Sci Int 1999; 99: 189-196.

[9]	 Meng X, Ming M, Wang E. Heart fatty acid bind-
ing protein as a marker for postmortem detec-
tion of early myocardial damage. Forensic Sci 
Int 2006; 160: 11-6.

[10]	 Rodríguez M, Cai WJ, Kostin S, Lucchesi BR, 
Schaper J. Ischemia depletes dystrophin and 
inhibits protein synthesis in the canine heart: 
mechanisms of myocardial ischemic injury. J 
Mol Cell Cardiol 2005; 38: 723-733.

[11]	 Jennings RB, Steenbergen C, Reimer KA. Myo-
cardial ischemia and reperfusion. Monogr 
Pathol 1995; 37: 47-80.

[12]	 Steenbergen C, Hill ML, Jennings RB. Cytoskel-
etal damage during myocardial ischemia: 
changes in vinculin immunofluorescence 
staining during total in vitro ischemia in canine 
heart. Circ Res 1987; 60: 478-486.

[13]	 Kostin S, Scholz D, Shimada T, Maeno Y, Moll-
nau H, Hein S, Schaper J. The internal and ex-
ternal protein scaffold of the T-tubular system 
in cardiomyocytes. Cell Tissue Res 1998; 294: 
449-460.

[14]	 Ganote C, Armstrong S. Ischaemia and the 
myocyte cytoskeleton: review and speculation. 
Cardiovasc Res 1993; 27: 1387-1403.

[15]	 Koenig M, Monaco AP, Kunkel LM. The com-
plete sequence of dystrophin predicts a rod-
shaped cytoskeletal protein. Cell 1988; 53: 
219-228.

[16]	 Ervasti JM, Campbell KP. Dystrophin and the 
membrane skeleton. Curr Opin Cell Biol 1993; 
5: 82-87.

[17]	 Petrof BJ, Shrager JB, Stedman HH, Kelly AM, 
Sweeney HL. Dystrophin protects the sarco-
lemma from stresses developed during muscle 
contraction. Proc Natl Acad Sci U S A 1993; 90: 
3710-3714.

[18]	 Ohlendieck K. Towards an understanding of 
the dystrophin-glycoprotein complex: linkage 
between the extracellular matrix and the mem-
brane cytoskeleton in muscle fibers. Eur J Cell 
Biol 1996; 69: 1-10.

[19]	 Ohlendieck K, Ervasti JM, Snook JB, Campbell 
KP. Dystrophin-glycoprotein complex is highly 

enriched in isolated skeletal muscle sarcolem-
ma. J Cell Biol 1991; 112: 135-148.

[20]	 Armstrong SC, Latham CA, Shivell CL, Ganote 
CE. Ischemic loss of sarcolemmal dystrophin 
and spectrin: correlation with myocardial inju-
ry. J Mol Cell Cardiol 2001; 33: 1165-1179.

[21]	 Michael LH, Entman ML, Hartley CJ, Youker KA, 
Zhu J, Hall SR, Hawkins HK, Berens K, Ballan-
tyne CM. Myocardial ischemia and reperfu-
sion: a murine model. Am J Physiol 1995; 269: 
H2147-2154.

[22]	 Michael LH, Entman ML, Hartley CJ, Youker KA, 
Zhu J, Hall SR, Hawkins HK, Berens K, Ballan-
tyne CM. Myocardial infarction and remodeling 
in mice: effect of reperfusion. Am J Physiol 
1999; 277: H660-668.

[23]	 H N, M S, L L. Ischemic Heart Disease and 
Acute Coronary Syndromes. 4th ed. Philadel-
phia: Lippincott Williams and Wilkins; 2007.

[24]	 Campobasso CP, Dell’Erba AS, Addante A, Zotti 
F, Marzullo A, Colonna MF. Sudden cardiac 
death and myocardial ischemia indicators: a 
comparative study of four immunohistochemi-
cal markers. Am J Forensic Med Pathol 2008; 
29: 154-61.

[25]	 Miyazato H, Biro S, Setoguchi M, Maeda M, 
Tashiro T, Nakao S, Tanaka H. Abnormal immu-
nostaining for dystrophin in isoproterenol-in-
duced acute myocardial injury in rats: evidence 
for change in dystrophin in the absence of ge-
netic defect. J Mol Cell Cardiol 1997; 29: 1217-
1223. 

[26]	 Danialou G, Comtois AS, Dudley R, Karpati G, 
Vincent G, Des Rosiers C, Petrof BJ. Dystro-
phin-deficient cardiomyocytes are abnormally 
vulnerable to mechanical stress-induced con-
tractile failure and injury. FASEB J 2001; 15: 
1655-1657.

[27]	 Armstrong SC, Shivell LC, Ganote CE. Sarco-
lemmal blebs and osmotic fragility as corre-
lates of irreversible ischemic injury in precon-
ditioned isolated rabbit cardiomyocytes. J Mol 
Cell Cardiol 2001; 33: 149-160.


