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Histological changes of human fetal hearts were 
observed in fetuses from the 3rd to 7th month of 
gestation to analyze the myocardium, endocardium, 
and epicardium as well as Purkinje fiber cells. In 
the 3rd month, cardiac muscle cells were irregular 
in shape and arrangement. In the 7th month, they 
were more homogenous in shape, longer than in 
3rd month, and typically arranged in parallel. These 
changes became evident from the 6th month, and by 
the 7th month their histological features had become 
almost the same as those in adults. There were no 
significant regional differences in the morphology of 
the cardiomyocytes among the parts of the heart. In 
both the endocardium and epicardium, a relatively 
rich underlying connective tissue layer was observed 
in the 3rd month, whereas it decreased significantly 
thereafter. Subendocardial Purkinje fibers were not 
clearly identified in the 3rd month, but they were 
identified from the 4th month. The present findings 
show normal morphological development of human 
fetal heart and suggest the corresponding functional 
maturation.

Key words: Human fetus, cardiac muscle cell, Pur-
kinje fiber, endocardium, epicardium, histology 

INTRODUCTION

There has been an explosion of work on the steps 
involved in the formation of the primary heart tube 
and the formation of cardiac chambers and arterial 
trunks during heart development［1, 2］. In recent 
studies using experimental animals such as mice, 
rats, and chicken, expression patterns of transcription 

factors in the developing heart muscle cells have 
been evaluated and electrophysiological character-
istics have been analyzed in association with early 
cardiac development［3, 4］. It has also been shown 
that the oriented clonal cell growth of myocardial 
cells plays an important role in the cardiac mor-
phogenesis［5, 6］. However, much less has been 
described about the histological development of the 
cardiac muscle cells and the Purkinje fiber cells in 
human fetuses. Previous reports have lacked de-
tailed descriptions of the morphological changes in 
cardiac muscle during the human fetal period when 
histological differentiation and maturation occur［7］. 
Significant advances have been made in understand-
ing the developmental biology of the fast conduction 
network - the His-Purkinje system in the cardiac 
ventricle and septum. Recent work has revealed the 
comparability of the molecular mechanisms of the 
patterning of the cardiac conduction tissues in the 
developing heart in humans and mice［8］. Recent 
studies also have elucidated that growth factor sig-
naling from both the endocardium and epicardium is 
responsible for stimulation of myocardial prolifera-
tion following cardiac looping［9, 10］. While these 
advancements have largely been made using animal 
models such as chicken and mice, descriptions of 
histological changes during the fetal period in hu-
mans are still lacking. Therefore, the findings gained 
from humans are not only useful to correlate car-
diac development between human and animals, but 
also may help to understand the etiology of human 
cardiac diseases, as well as lead to new treatment 
strategies［11］. 

In this study, we report histological development 
of the cardiac muscle and Purkinje fiber cells to-
gether with the endocardium and epicardium of hu-
man fetuses from the 3rd to the 7th month of gesta-
tion as observed by light microscopy. 
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MATERIALS AND METHODS

Human fetuses and histological sections of the 
heart

The present study was approved by the Ethics 
Committee of Shimane University Faculty of Medi-
cine and was conducted in accordance with the 
World Medical Association and the Declaration of 
Helsinki. Twenty-seven normal human fetuses rang-
ing from the 3rd to 7th month of gestation, all be-
longing to the Kyoto Collection of human embryos
［12-17］, were used in the present study（Table 1）. 
They were obtained through cooperation with the 
Japanese obstetricians in accordance with the Law 
for the Protection of Mother’s Bodies. Therefore, 
these fetuses were mostly from healthy parents and 
therefore can be considered representative of the 
normal Japanese intrauterine population. This is in 
contrast to most previous studies which have been 
based on naturally aborted fetuses, so that abnor-
malities in the fetuses could not be excluded. Upon 
removal, the fetuses were fixed and preserved in 
10% formalin. Organs including the heart of well 
preserved representative fetuses were dissected and 
prepared for histological sections using a routine 
paraffin-embedding method. The hearts were cut 
transversely（vertically to the baso-apex axis）, and 
sections of 5-μm thickness were stained by hema-
toxylin eosin（HE）staining. These histological sec-
tions of human fetal organs including the heart have 
been preserved as a part of the collection at the 
Department of Developmental Biology, Faculty of 
Medicine, Shimane University. We selected for the 
present study heart sections of the 27 fetuses from 
the 3rd to 7th month of gestation（lunar month）［13］

（crown-rump length（CRL）76mm - 295mm, body 
weight 30g - 2205g, Table 1）and observed them 
under a binocular microscope. We observed mor-
phological changes in cardiac muscles and Purkinje 
fiber cells comparatively among the right and left 
ventricles and the interventricular septum, as well as 
developmental changes in the endocardium and epi-
cardium from the 3rd and 7th months. Characteristic 
morphology was described when it was constant in 
consecutive sections of a sample and in correspond-
ing sections of multiple samples at the same lunar 
month. 

 

RESULTS

Development of the heart muscle cell morphology 
in human fetuses

We observed cardiac muscle cells from the ven-
tricles and septa of human fetuses（Fig. 1）. Car-
diac muscle cells could be identified by striations, 
branching fibers, centrally located nuclei and inter-
calated discs. We first compared cardiac muscles at 
the 3rd and 7th months, i.e., the youngest and oldest 
examined in the present study, to identify the char-
acteristic histological changes. Cardiac muscle cells 
of the 3rd month were irregular in shape, round-
shaped or rod-shaped, and variable in diameter. By 
the 7th month, the cardiac muscle cells were gener-
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ally more uniform, arranged parallel in the same di-
rection and were longer than those in the 3rd month. 
The morphology of the ventricular wall cells resem-
bled that of the septum cells, and they were both 
immature, containing mitotic cells, in the 3rd month
（Fig. 2）. Cross-striations in cardiac muscle cells 
were observed more clearly in the 7th month than in 
the 3rd month（Fig. 3）. Also, the nuclei in the 7th 
month appeared larger than those in the 3rd month, 
whereas they were centrally located in both months. 

The perinuclear region of the cardiac muscle cell 
appeared empty by HE staining. In the 7th month 
the fibers were observed to branch clearly. We fol-
lowed individual fibers to find branching points of 
the cardiac muscle cells, focusing carefully up and 
down with fine control to locate the intercalated 
discs. In many sections in the 3rd month the interca-
lated discs were difficult to see, whereas in the 7th 
month they were stained darkly and easily observed 
in those areas sectioned longitudinally（Fig. 3b’）. 
Since morphological differences between 3rd and 7th 

month cardiac muscle cells were so apparent, we 
further analyzed when these changes became appar-
ent using sections from the 4th, 5th, and 6th months
（Fig. 4）. In the 4th month, the cells were generally 
arranged in the same direction, but the cells were 
still irregular in shape, and the nuclei were different 
in size, as in the 3rd month. In the 5th month, the 
cell orientation had not changed significantly, while 
cell shape was still irregular but larger than in the 
4th month. In the 6th month, the cell shape changed 
significantly, the cells were arranged parallel in the 
same direction, and the shape and size of the cylin-
drical nuclei were basically homogenous and regu-
larly arranged as with those in the 7th month. In-
tercalated discs also became more and more clearly 
observed from 4th to 6th month（data not shown）.

Developmental changes in the endocardium and 
epicardium in human fetuses 

Recently, it has become evident that the epicar-
dium and endocardium both play important roles in 
myocardial development and the control of myo-
cardial function［9, 18, 19］. We observed changes 
in the epicardium of the left ventricle and the de-
tailed organization of the tissues from the 3rd to 7th 

month（Fig. 5）. There were significant differences 
in the epicardium between the 3rd and 7th months. 
In the 3rd month pericardial cells and the underlying 
loose connective tissue were clearly observed, and 
the epicardial layer was much thicker than in the 
7th month. In the following months the epicardium 
gradually decreased in thickness mainly due to a de-
crease in the connective tissue（Fig. 5）. The endo-
cardium of the heart consists of an endothelial layer 
supported by subendothelial connective tissue. We 
focused on the endocardium of the left ventricle and 
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observed the changes from 3rd to the 7th month（Fig. 
6）. In the 3rd month, the endothelial surface was ir-
regular and connected with the myocardium by con-
nective tissue. Cells beneath the endothelium were 
irregular in shape, size, and orientation. From the 4th 
to 7th month, the endothelial surface became flat and 
the connective tissue decreased significantly. Cells 
beneath the endothelium and cardiac myocytes be-
came aligned in the same direction. The endothelial 
cells were smaller and the nuclei were also smaller 
than in normal myocardial cells. The endocardial 

area became smaller in the 7th month（Fig. 6）, and 
the developing myocardial cells occupied most areas 
of the entire heart.

Development of the Purkinje fiber cells in human 
fetuses

The conduction system includes the central con-
duction system and peripheral conduction system. 
In the peripheral conduction system, components 
include the left and right septal bundle branches, the 
subendocardial Purkinje fibers. While another sub-
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ized heart muscle cells and are larger than ordinary 
cardiac muscle fibers, they also have other features 
of heart muscle cells, including a centrally located 
nucleus and intercalated disks. In the 3rd-month hu-
man fetal hearts in this study, Purkinje fibers were 
not yet clearly identified in the HE-stained sections, 
probably due to their poor histological differentia-
tion from cardiac muscle cells. However, they were 
observed in the sections from the 4th to 7th months
（Fig. 7）, and as myocardial features became evident 
as described above, Purkinje fibers became more 

class, i.e. periarterial Purkinje fibers, has been docu-
mented in the peripheral conduction system of birds, 
no such fibers have been identified in mammals［9, 
11］. One of the bundles of the His-Purkinje system 
distributed to the right ventricle and the other to 
the left ventricle, so the periphery of the ventricu-
lar wall and septum were covered with Purkinje 
fibers（Fig. 6）. The Purkinje fiber cells in the fe-
tal hearts were distinguished from cardiac muscle 
cells by their less differentiated and less organized 
structure. While these fibers are bundles of special-
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and more clearly observed beneath the endocardium. 
The fibers were surrounded by loose connective tis-
sue. There were no significant differences in Pur-
kinje fiber cell density between the ventricles and 
septum, and developmental changes in the Purkinje 
fiber cells from the 4th to 7th month were not clearly 
observed. 

DISCUSSION

The cardiovascular system is the first to func-
tion among the developing human embryo’s organ 
systems［1, 2, 9, 13］. Cardiac muscle is a type of 
striated muscle found only in the myocardium of 
the heart, and, during prenatal development, muscu-
lar cells in the heart differentiate into cardiac myo-
cytes and conduction system cells including Purkinje 
fiber cells［7, 13］. The cells may be mononuclear 
or binuclear and branch so that they connect to-
gether tightly at the junctions called intercalated 
discs. Whereas early specification of multiple highly 
specified myocardial lineages, including the conduc-

tion system, has been extensively investigated［9］, 
much less is known about the later maturation of 
these cells from the late fetal stages onward. Like-
wise, the histological differentiation of the cardiac 
myocytes or Purkinje fiber cells during the human 
fetal period has not been described in detail. In this 
study, therefore, we observed the development of 
normal cardiac muscle cells and Purkinje fiber cells 
as well as the endocardium and epicardium in the 
heart of human fetuses by light microscopy. 

In the present observation, 7th month cardiac 
muscle cells in the ventricles showed two dis-
tinct morphological differences from those in 3rd 

month: namely, cylindrical cell shape and parallel 
cell alignment. There are gap junctions at the in-
tercalated disks, irregularly spaced dark bands that 
act as a communication channels situated between 
the cardiac muscle cells. In longitudinal sections of 
cardiac muscles, the intercalated discs between the 
cells were evident in the 7th month, whereas their 
presence was unclear in the 3rd month. These are 
purely morphological features, but they do suggest 
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maturation of human cardiomyocytes during the pe-
riod between the 3rd and 7th month of gestation. In 
the current study, 6th and 7th month cardiac muscle 
cells were morphologically similar to those in the 
adult heart［13］, again suggesting the maturation 
of fetal cardiomyocytes by these months. Develop-
ment of heart muscle cells from the 3rd month to 7th 
month may be closely correlated with the functional 
changes of the human fetus heart during this period. 

Two different lineages of heart progenitors are 
known to contribute to the formation of the heart, at 
least in avian embryos［2］. The left ventricle arises 
from the lateral-most region of the heart-forming 
mesoderm, whereas the right ventricle arises from 
entire region of the heart-forming mesoderm. This 
difference in the progenitor lineage might predispose 
the cells to distinct histological differentiation. How-
ever, in the present observation, no significant histo-
logical differences were noticed between the regions 
of different lineages, suggesting histological differen-
tiation occurs similarly in cells of both lineages. 

Recent studies have shown that the myocardium, 
from the time of its formation, is not only a region-
alized but also a polarized tissue and that its ori-
ented clonal cell growth plays an important role in 
cardiac chamber morphogenesis［5, 6］. In the pres-
ent observation, dividing muscle cells were observed 
in the hearts of human fetuses ranging through the 
ventricles and septum, including the oldest fetus ex-
amined in this series, and cardiomyocytes gradually 
became enlarged and arranged in parallel from the 
3rd to 7th month. Whereas the present observation 
is at a later period than the cardiac morphogenesis, 
the findings are consistent with the notion that the 
heart develops based on polarized and oriented cell 
growth.

A previous paper reported that specialized con-
ducting tissue can be recognized in human em-
bryos as small as 8 mm（approximately 38 days 
of gestation）［7］. His-Purkinje system development 
is responsible for the coordination of ventricular 
contraction. From here the impulse is distributed 
rapidly around the ventricles via bundles of special-
ized large heart muscle cells called Purkinje fibers. 
According to a previous paper based on a total 
of 15 human embryos and fetuses ranging from 8 
mm to 150 mm, Purkinje fibers of typical appear-

ance can be first identified in the upper part of the 
left limb at the 105 mm（14 weeks, 4th month）
stage［7］. In the present study, Purkinje fibers were 
not clearly identified in the 3rd month fetus（CRL 
76 mm）, whereas they were observed in the sec-
tions from 4th month fetuses（CRL 57.6 mm-113 
mm）, and as myocardial features became evident, 
Purkinje fibers became more and more clearly ob-
served. These findings are consistent with those in 
a previous report［7］. Recent studies have revealed 
the myogenic but not neurogenic origin of the car-
diac conduction system［20］. A series of retroviral 
lineage studies showed that the cardiac conduction 
system originates from cardiomyocytes and no other 
cardiac cell types including those of the neural crest 
origin. Furthermore, an in-growth rather than out-
growth developmental mechanism of the conduction 
system has also been elucidated［9, 20］. 

The endocardium and epicardium have been 
shown to play important roles in the development of 
cardiac cell lineages［9］. Viral lineage-tracing stud-
ies in chick embryos showed that conduction cells 
are progressively recruited from cardiomyogenic 
cells preceding recruitment to the peripheral compo-
nents of the network, subendocardial Purkinje fibers, 
and an analogous recruitment has been suggested 
in rodents［9, 11］. In mouse embryos, neuregulin 
which is secreted by endocardium can recruit myo-
cardial cells into the Purkinje fiber lineages［21］. 
Cells from the proepicardium migrate onto the 
early looping heart to give rise to the epicardium, 
and epicardial cells undergo epithelial-mesenchymal 
transformation and delaminate from the epicardium 
to enter the myocardium and give rise to cells of 
the coronary vasculature and interstitial fibroblasts
［22］. Further, embryonic fibroblasts have recently 

been shown to promote myocardial proliferation［23］, 
and at least in vitro, it has been suggested that pro-
epicardial lineages have the capacity to be directed 
toward a myocardial cell fate［24］, whereas later-
stage epicardial cells may have lost this ability. As 
with the epicardium, growth factor signaling from 
the endocardium to the myocardium is responsible 
for stimulation of myocardial proliferation follow-
ing cardiac looping［12］. Fibroblastic growth fac-
tor（FGF）signaling from either the epicardium or 
endocardium stimulates myocardial proliferation, and 
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endocardially derived FGF signals regulate myocar-
dial proliferation during mid-gestation heart develop-
ment［18］. These studies have focused on the early 
stages of heart development including endocardium 
and epicardium, whereas much less is known about 
the endocardial and epicardial layer development 
from such late fetal stages as those examined in the 
present study. In the present study, a relatively rich 
underlying connective tissue layer was observed both 
in the endocardium and epicardium at the 3rd month, 
whereas it significantly decreased thereafter. These 
histological changes appear to be consistent with the 
proliferation-stimulatory roles of the endocardium 
and epicardium that were reported in animals.

A limitation of this study was that it is based on 
formalin-fixed human materials, and that it was a 
purely morphological observation at the histologi-
cal level and did not focus on microstructure and 
the development mechanisms. However, we here 
observed the histological changes during the fetal 
development of heart muscle cells and described the 
cell features from the 3rd to the 7th month of gesta-
tion. The present findings would be useful in evalu-
ating normal morphological development of human 
heart and correlating it with the functional matura-
tion of human fetal heart in the future. 

REFERENCES

１）Moorman A, Webb S, Brown NA, Lamers W 
and Anderson RH（2003）Development of the 
heart:（1）formation of the cardiac chambers and 
arterial trunks. Heart 89: 806-814.
２）Nakajima Y（2010）Second lineage of heart 

forming region provides new understanding of 
conotruncal heart defects. Congenit Anom Kyoto 
50: 8-14. 
３）Engelmann G L, Worrell RA, Duff RA, Grutkoski 

PS, Chien KR and Harvey RP（1996）Expression 
of cardiac muscle markers in rat myocyte cell 
lines. Molecular and Cellular Biochemistry 157: 
87-91.
４）Masino AM, Gallardo TD, Celeste A, Wilcox 

EN, Olson R, Williams S and Garry DJ（2012）
Transcriptional regulation of cardiac progenitor 
cell populations. Circulation Research 95: 389-
397.

５）Meilhac SM, Esner M, Kerszberg M, Moss 
JE and Buckingham ME（2004）Oriented clonal 
cell growth in the developing mouse myocardium 
underlies cardiac morphogenesis. The Journal of 
Cell Biology 164: 97-109.
６）Gupta V and Poss KD（2012）Clonally domi-

nant cardiomyodcytes direct heart morphogenesis. 
Nature 484: 479-484.
７）Walls EW（1947）The development of the 

specialized conducting tissue of the human heart. 
Journal of Anatomy 81: 93-110.6.
８）Sizarov A, Devalla HD, Anderson RH, Passier R, 

Christoffels VM and Moorman AFM（2011）Mo-
lecular analysis of patterning of conduction tissues 
in the developing human heart. Circ Arrhythm 
Electrophysiol 4: 532-542.
９）Evans SM, Yelon D, Conlon FL and Kirby ML
（2010）Myocardial lineage development. Circ Res 
107: 1428-1444.

10）Olivey HE and Svensson EC（2010）Epicardi-
al-myocardial signaling directing coronary vasculo-
genesis. Circ Res 106: 818-832.

11）Gourdie RG, Harris BS, Bond J, Justus C, 
Hewett KW, O’Brien TX, Thompson RP and 
Sedmera D（2003）Development of the cardiac 
pacemaking and conduction system. Birth Defects 
Research Part C 69: 46-57.

12）Nishimura H（1975）Prenatal versus postnatal 
malformations based of the Japanese experience 
on induced abortions in the human being. In: 
Blandau RJ（ed.）Aging Gametes. S. Karger AG, 
Basel, pp. 349-368.

13）Nishimura H（1983）In: Atlas of Human Pre-
natal Histology. First ed.（IGAKU-SHOIN Ltd）
pp. 2-79, Tokyo.

14）Tanaka O（1976）Time of the appearance of 
cartilage centers on human embryos with special 
reference to its individual difference. Okajimas 
Fol Anat Jap 53: 173-198.

15）Tanaka O（1991）Variabilities in prenatal de-
velopment of orofacial system. Anat Anz 172: 97-
107.

16）Shiota K（1991）Development and intrauterine 
fate of normal and abnormal human conceptuses. 
Congenit Anom 31: 67-80.

17）Otani H, Udagawa J, Lundh T, Hatta T, Hashimoto 
R, Matsumoto A and Satow E（2008）Morpho-

9Development of human fetal heart



metric study on the characteristic external features 
of normal and abnormal human embryos. Conge-
nit Anom 48: 18-28.

18）Lavine KJ, Yu K, White AC, Zhang X, Smith 
C, Partanen J and Ornitz DM（2005）Endocardial 
and epicardial derived FGF signals regulate myo-
cardail proliferation and differentiation in vivo. 
Dev Cell 8: 85-95.

19）Harris IS and Black BL（2010）Development 
of the endocardium. Pediatric Cardiology 31: 
391-399.

20）Mikawa T and Hurtado R（2007）Development 
of the cardiac conduction system. Seminars in 
Cell & Developmental Biology 18: 90-100.

21）Rentschler S, Zander J, Meyers K, France D, 
Levine R, Porter G, Rivkees SA, Morley GE and 
Fishman GI（2002）Neuregulin-1 promotes for-
mation of the murine cardiac conduction system. 
Proc Natl Acad Sci USA 99: 10464-10469. 

22）Lie-Venema H, van den Akker NM, Bax NA, 
Winter EM, Maas S, Kekarainen T, Hoeben RC, 
deRuiter MC, Poelmann RE and Gittenberger-de 
Groot AC（2007）Origin, fate, and function of 
epicardium-derived cells（EPDCs）in normal and 
abnormal cardial development. ScientificWorld-
Journal 7: 1777-1798.

23）Ieda M, Tsuchihashi T, Ivey KN, Ross RS, 
Hong TT, Shaw RM and Srivastava D（2009）
Cardiac fobroblasts regulate myocardial prolifera-
tion through beta1 integrin signaling. Dev Cell 16: 
233-244.

24）Kruithof BP, van Wijk B, Somi S, Krithof-
deJulio M, Perez Pomares JM, Weesie F, Wessel 
A, Moorman AF and van den Hoff MJ（2006）
BMP and FGF regulate the differentiation of mul-
tipotential pericardial mesoderm into the myocar-
dial or epicardial lineage. Dev Biol 295: 507-522.

10 Liang et al.


