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Abstract  

Introduction: This study tries to evidentiate apoptotic cells at the level of the heart, as a normal 
phenomena involved in the developmental remodeling of cardiovascular tissues. Physiological cell 
turnover plays an important role in maintaining normal tissue function and architecture. This is achieved 
by the dynamic balance of cellular regeneration and elimination, occurring periodically in tissues. 

Materials and methods: We studied myocardial tissue samples collected from human aborted 
fetuses, with the age between 16 and 40 weeks, resulting from spontaneous abortions without cardiac 
malformations or injuries. The samples were stained conventionally with hematoxylin-eosin (H-E), 
Masson's tricrome and immunohistochemical method. We used a complete kit, ApopTag Plus 
Peroxidase In Situ Apoptosis Detection Kit, based on terminal deoxynucleotidyl transferase (TdT), an 
enzyme more selective and specific than DNA polymerase, which allow us to make the distinction 
between the apoptosis and necrosis. 

Results and disscution: The analyse of the obtained images oriented us to conclude that the 
apoptosis normally appears during the heart development contributing to the elimination of unwanted 
cells. Due to the fact that the atrial and ventricular compartments of the heart enlarge during 
development, leading to a high rate of cell proliferation, this justifies the low levels of apoptosis that we 
found in this study.  

Conclusions: We must consider the signifiance of the elimination of apoptotic cells in the context 
of the rates of cellular proliferation within the tissue The intensity of the apoptotic phenomenon 
increases with fetal age, both in the ventricles and the atrial myocardium. 
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Introduction 

 
Physiological cell turnover plays an important role in maintaining normal tissue 

function and architecture. This is achieved by the dynamic balance of cellular regeneration 
and elimination, occurring periodically in tissues. 

Apoptosis has been identified as the prevalent mode of physiological cell loss in most 
tissues. Cell turnover is precisely regulated by the interplay of various endocrine and 
paracrine factors, which modulate tissue and cell-specific responses on proliferation and 
apoptosis, either directly, or by altering expression and function of key cell proliferative 
and/or death genes. 

At the level of the heart, there are clear evidences of the contribution of apoptosis 
phenomenon during the development of the heart valves, excito-conductor system and the 
coronary vessels formation (STEVEN A. & al.[1], 2000). 

Aberrant apoptosis accompanies cardiac anomalies. Furthermore, an apoptotic 
population is found surrounding the developing conducting system. A possible role for 
differentiation is suggested ( POELMANN RE & al.[2], 1999). 
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This study tries to evidentiate apoptotic cells at the level of the heart, as a normal 
phenomena involved in the developmental remodeling of cardiovascular tissues and examines 
the current morphological and biochemical evidence that apoptosis plays a role in early 
human development and embryonic loss. 

The heart of aborted foetuses examined, often show characteristic features of apoptosis 
including cytoplasmic, nuclear and DNA fragamentation. 

Apoptosis may be involved in the elimination of abnormal cells. However, the causes, 
role and regulation of apoptosis in the human heart remain to be determined. 

The foetal heart contain different proportions of cells with the classic features of 
apoptosis, including cytoplasmic, nuclear and DNA fragmentation (HARDY K.[3], 1997). 

Although the presence of similar cells in vivo (HERTIG & al.[4], 1954) indicates a 
role for apoptosis in normal development, it may also play a role in abortion. 
 
Material and method 

 
There are two forms of cell death, necrosis and apoptosis, which are morphologically 

distinct (Table 1). 
Necrosis results from injury and affects large groups of cells, causing cellular swelling 

and membrane rupture (WYLLIE & al.[5], 1980) that invoke an inflammatory response in 
adjacent healthy tissue. In contrast, apoptosis characteristically affects single cells, and there 
is no associated inflammation. Apoptosis involves a series of consecutive morphologically 
distinct phases ( NAGATA S.[6],1997). 

Initially, chromatin aggregates into large compact granular masses on the inner nuclear 
membrane, the cytoplasm condenses and the nuclear and cytoplasmic membranes become 
grossly indented. The nucleus undergoes fragmentation, and the whole cell blebs and 
fragments into membrane bound apoptotic bodies which may contain nuclear fragments. 

In addition to the classic morphological features described here, which distinguish 
apoptotic cells from those undergoing necrosis, biochemical changes in cell surface 
morphology and DNA structure have been associated with apoptosis. 

In the nucleus, DNA degradation is frequently observed, it is cleaved by 
endonucleases into oligo-nucleosomal fragments (WYLLIE & al.[5], 1980). 

In contrast, DNA from necrotic cells is cleaved randomly. 
 

Table 1: Types of cell death, differential characteristic 
APOPTOSIS NECROSIS 

Morphologic Criteria  
Deletion of single cells 

Membrane blebbing, but no loss of integrity 
Cells shrink, ultimately forming apoptotic bodies 

No inflammatory response 
Phagocytosis by adjacent normal cells, and some 

macrophages 
Lysosomes intact 

Compaction of chromatin into uniformly dense 

 
Death of cell groups  

Loss of membrane integrity 
Cells swell and lyse 

Significant inflammatory response 
Phagocytosis by macrophages 

Lysosomal leakage 
Clumpy, ill-defined aggregation of chromatin 

Biochemical Criteria  
Induced by physiological stimuli 

Tightly regulated process with synthetic and 
activation steps 
Requires energy 

Requires macromolecular synthesis 
De novo gene transcription 

Nonrandom oligonucleosomal length fragmentation of 
DNA 

Evoked by nonphysiological disturbances Loss of 
regulation of ion homeostasis 

No requirement for energy 
No requirements for protein or nucleic acid 

synthesis 
No new gene transcription 
Random digestion of DNA 
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Structural changes in the nucleus are caused by the activation of caspases (proteases) 
that cleave a range of proteins including those involved in the cytoskeleton, DNA repair, 
nuclear envelope integrity and cell cycle control (HARDY K & al.[7], 1996; WYLLIE AH. 
[7], 1997). It is thought that caspase activation is regulated by proteins of the BCL-2 family. 

Apoptosis is an essential feature of many normal processes and pathological 
conditions, and serves a variety of purposes, including tissue homeostasis and remodelling, 
and the removal of unwanted cells (WYLLIE & al.[5], 1980; COLLINS JA & al.[9], 
1997;MARTIN & al.[10], 1995). 

It may result from activation of an endogenous program or induced by stimuli. Over 
recent years there has been an increasing interest in the importance of apoptosis during 
development. 

 The earliest events in apoptosis involve the cell membrane; the apoptotic cell rounds 
up and separates from neighbouring cells (WYLLIE AH. [7], 1997). 

Immunocytochemical examination shows that excluded cells have poor gap junction 
communication (HARDY K & al.[7], 1996). Another early event of apoptosis, which has also 
been described, is a redistribution of the phospho-lipid phosphatidylserine in the cell 
membrane. In a healthy cell, phosphatidylserine is distributed asymmetrically and is confined 
to the inner plasma membrane leaflet. This change is an early event in apoptosis and precedes 
other morphological changes such as nuclear condensation and cell shrinkage. Annexin V can 
act as a marker for the early stages of apoptosis, before these characteristic morphological 
changes occur. 

Membrane integrity is maintained until the late stages of apoptosis (WYLLIE & al.[5], 
1980; COLLINS JA & al.[9], 1997; MARTIN & al.[10], 1995). It is important to use a 
marker of membrane permeability in addition to annexin V labelling to differentiate between 
cells undergoing apoptosis and those undergoing necrosis. One such marker is the 
polynucleotide-specific fluorochrome pro-pidium iodide, which can only enter cells with 
leaky membranes and labels the DNA in the nucleus. Although cells in the early stages of 
apoptosis label with annexin V but not with pro-pidium iodide (confirming that these cells 
still have intact membranes), necrotic cells with permeable membranes allow both propidium 
iodide and annexin V to enter (MARTIN & al.[10], 1995) and label the nucleus and the 
phosphatidylserine in the inner leaflet, respectively. However, as the nuclei also labelled with 
propidium iodide, indicating that the plasma membrane was permeable, it can be concluded 
that these cells were undergoing apoptosis. 

 Translucent vacuoles are frequently associated with the cytoplasmatic condensation 
typical of cells undergoing apoptosis. 

The earliest morphological change indicative of apoptosis is the condensation of 
cromatin on the inner nuclear membrane. Thin process has been detectedby labelling DNA 
with polynucleotide specific fluorochromes such as propidium iodide. 

The same DNA labelling enable observation of condensed and misshapen 
nuclei.These nuclei appear as discrete clusters of labelled fragments that are smaller than 
intact healthy nuclei. Importantly, pyknotic and fragmented nuclei have been described in 
human embryos in vivo (HERTIG & al.[4], 1954). 

The condensed chromatin and fragmenting nuclei are characteristic of apoptosis. 
Another feature is the degradation of DNA into oligonucleosomal fragments. The 

development of TdT-mediated dUTP nick-end labelling (TUNEL) (GAVRIELI & 
al.[11],1992) enables assessment of nuclear DNA fragmentation in situ. This technique can be 
used on specimens with only a few cells and is based on the fluorescent labelling of the 3' end 
of oligonucleo-some fragments. In addition, TUNEL has the advantages of enabling both 
localization and quantification of the percentage of nuclei with DNA fragmentation 
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(GAVRIELI & al.[11],1992). Positive labelling of fragmented nuclei in mouse blastocysts has 
been demonstrated, providing evidence that DNA is being degraded (BRISON & al.[12], 
1997; MOLEY & al.[13], 1998). 

Further degeneration results in the formation of extracellular debris (WYLLIE & 
al.[5], 1980) and the presence of mitochondria and nuclear remnants confirms its cellular 
origin. Confocal microscopy showed cells being engulfed by neighboring cells (HARDY K & 
al.[7], 1996). 

Human embryos exhibit a high incidence of both nuclear (HARDY K. [14], 1999) and 
chromosomal abnormalities(KERR JFR. & al.[15], 1994, HARMON BV& al.[16], 1998). It is 
possible that apoptosis is the process by which these abnormal cells are eliminated. 

We studied myocardial tissue samples collected from human aborted fetuses, with the 
age between 16 and 40 weeks, resulting from spontaneous abortions without cardiac 
malformations or injuries ( Fig.1). 

 

 
 

Fig. 1. Aborted fetus with the age 16 weeks. (Constanta Clinical University Hospital) 
 
Although the period between death and autopsy did not affect apoptosis detection 

procedure, we included in this study only cases where this interval was less than 24 hours. 
We collected myocardial tissue samples with a size of about 1 cm ³ thickness,  from 

the right and left ventricular wall and the atrial wall. 
Tissue samples were fixed with 10% buffered formaldehyde and embedded in 

paraffin. From each paraffin block were cut 4 to 6 sections of 5μm thickness and analyzed in 
order to identify apoptotic cells. 

The histological samples were stained conventionally with Hematoxylin-eosin  (H-E) (Fig. 2) 
and Masson tricromic (Fig. 3).  
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Fig.2 Cross section through the ventricular myocardium (fetus of 16 weeks). We demarcated two picnotic nuclei 
(apoptosis?) and the third presents chromatin marginalization. (H / E, 400x) 

 

 
Fig.3 Oblique section through the ventricular myocardium (fetus of 23 weeks). 
We demarcated two picnotic nuclei (apoptosis?). (Masson's tricrome, 400x) 

 
The presence of apoptotic phenomenon was confirmed by immunohistochemical 

method. The typical biochemical feature of apoptosis, chromosomal fragmentation, was 
detected with the use of TUNNEL method. 

This method allows us to make the distinction between the apoptosis and necrosis. 
Apoptotic cells were stained brown, dark brown, while the necrotic ones were stained more 
diffuse. 

DNA fragmentation, the typical biochemical feature of apoptosis, was detected 
immune-histochemically with the use of “in situ” DNA end-labeling method. 
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We used a complete kit, ApopTag Plus Peroxidase In Situ Apoptosis Detection Kit 
(Intergen Company, Oncor, USA), based on terminal deoxynucleotidyl transferase (TdT), an 
enzyme more selective and specific than DNA polymerase, which allow us to make the 
distinction between the apoptosis and necrosis. 

Four to six sections from each specimen were examined. Sections were examined 
under light microscopy at law magnification (x100) and then, 10 random fields per section, 
each 7 050μm2 in size, from the regions with apoptotic cells were examined at a higher 
magnification. 

The degree of nuclear staining by immunohistochemical method was expressed by the 
apoptotic index, calculated using the formula: 

Apoptotic index = (apoptotic nuclei / total no. of nuclei) x 100 
Stained slides were examined using two Nikon microscopes LabFot (provided by the 

Departments of Histology and Pathological Anatomy of Constanta Medical School), which 
allowed us to make photographs. 
 
Results and discussions 
 

We revealed apoptotic cells in different evolutionary stages. 
In early stages of apoptosis the cellular morphology is preserved and appears a 

condensation of nucleus and cytoplasm, without loss of membrane integrity; the lesion is 
limited to the internucleosomal region ( Fig.4).  

The nuclear changes are the first clear evidences of the apoptosis phenomenon. 
Initial phases are characterized by condensation of nuclear material followed by a marked 

marginalization of chromatin along the nuclear membrane. 
These portions of chromatin have a smooth inner contour, in terms of density, appear 

uniform to a decrease in the image amplitude. 
At higher magnification chromatin appears as fine granules, closely packed. 
Chromatin changes are often accompanied by waves of nuclear membrane. 
In a later stage, follows the fragmentation of the nucleus and nuclear membrane folding. 
The nucleus is broken into fragments by budding discreet, still bounded by a double 

membrane. 
 

 
Fig. 4. Cells in an early stage of apoptosis, with condensation nucleus,without loss of membrane integrity (atrial 
myocardium, fetus of 23 weeks). 
Terminal staining of DNA fragments with TdT. (20X) 
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Simultaneously with the first nuclear events, cytoplasmic changes begin. Cytoplasm 
undergoes condensation that leads to compaction of the cellular organelles.  

At this stage, cellular organelles retain their integrity, without elimination of intracellular 
content in the extracellular space. 

 

 
Fig. 5. Apoptotic cells with loss of membrane integrity and nuclear fragmentation (immune-histochemical 
method, fetus of 34 weeks, 20X). 

 
Latter, the apoptotic cell suffers extracelular degeneration and then occurs the phagocytosis of 

apoptotic cells and bodies with engulfment by neighboring macrophages, without inflammatory 
reaction. In many apoptotic areas, the phagocytic capacity was overwhelmed, resulting apoptotic 
bodies lying free in the extracellular space (Fig. 6). 

 

 
Fig. 6. Apoptotic bodies in ventricular myocardium, between normal cells having blue-green stained nuclei due 
to methy-green counterstain (immunohistochemical method, fetus of 40 weeks, 10X). 
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Due to the fact that the atrial and ventricular compartments of the heart enlarge during 
development, leading to a high rate of cell proliferation, this justifies the low levels of 
apoptosis that we found in this study.  

The conclusions of the previous studies show a great variability in the intensity of the 
apoptotic phenomenon, which is probably due to technical limitations of terminal staining 
DNA. 

Taking into account the functional adaptive changes that occur in the cardiovascular 
system even before birth and anticipated ones after birth, we believe that apoptosis is a normal 
phenomenon which occurs during cardiac development. 

The apoptotic phenomena is more intensive in the older group of foetuses with the age 
between 34 and 40 weeks and in the right ventricle than in the left one, fact that might 
contribute to the thinning of the RV after birth.  

Cells with fragmented DNA stained brown whereas cells with normal nuclei stained 
pale to medium green.  

Cells exhibiting necrotic morphologies can in same instances contain stainable 
concentrations of DNA ends, but because the used kit is more specific for apopototic cells, 
necrotic cells were stained more diffuse. 

The average of the apoptotic index in the ventricular myocardium, in our research, 
increased progressively with fetal age. 

Our results are similar to those obtained by Kajstura J. et al. (1995). Making studies in 
mouse hearts, Kajstura found a growing percentage of apoptotic cells, as heart development 
progresses from fetal stage to the adult stage. 

 
Conclusions 
  
 Apoptosis is a major biological phenomenon in cardiology, with great significance 
both in physiology and the physiopathology of the heart. 
 Knowing the factors responsible for the initiation or prevention of apoptosis may be 
used in future therapeutic interventions. 

Although recent studies have provided significant information on specific tissue 
systems, a clearly defined pathway that mediates cell turnover has not yet emerged for any 
tissue. Several similarities exist among the various tissues with regard to the intermediates 
that regulate tissue homeostasis, enabling a better understanding of the general mechanisms 
involved in the process. 

The analysis of the obtained images oriented us to conclude that the apoptosis 
normally appears during the heart development contributing to the elimination of unwanted 
cells. We must consider the significance of the elimination of apoptotic cells in the context of 
the rates of cellular proliferation within the tissue.  

Low levels of apoptotic cells, during development of the cardiovascular system, are 
due to the high rate of cell proliferation, which is necessary for growth and expansion of heart 
compartments. 

The intensity of the apoptotic phenomenon increases with fetal age, both in the 
ventricles and the atrial myocardium. The conclusions of the previous studies show a great 
variability in the intensity of the apoptotic phenomenon, which is probably due to technical 
limitations of terminal staining DNA. 
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