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A number of studies have been made on the ultrastructure of cardiac muscle in animals (Price et al.,
1955; Moore and Ruska, 1957; Fawcett and Selby,
1958; Kisch, 1959; Bergman, 1960a; Bahr and
Jennings, 1961; Stenger and Spiro, 1961a), but only
a few have been carried out on human ventricular
myocardium (Kisch and Philpott, 1953; Smith,
Burford, and Chiquoine, 1960; Nelson and Benson,
1963), and one brief report on the myocardium of
the atrial appendage (Stein, Thibodeau, and Stranahan, 1962). The following study on the normal
atrial appendage has been carried out to establish a
baseline for an investigation into the changes occurring in the myocardium in rheumatic heart

disease and other cardiac diseases.
MATERIALS AND METHODS
The material was derived from the same specimens used in a study of the normal endocardium and
the preparation was the same as previously described

(Lannigan and Zaki, 1966).
ELECTRON MICROSCOPE OBSERVATIONS
Cardiac muscle cells lie in groups separated from
each other by major and minor septa. The cells
within a group are separated only by a small amount
of connective tissue, and no connective tissue elements are found at the intercalated discs.

Cardiac Muscle Cells
Cardiac muscle cells branch and anastomose with
neighbouring cells at intercalated discs. The cells
consist of a sarcolemma, a nucleus, and sarcoplasm
which contains the characteristic contractile myofibrils and other structures (Fig. 1A). No differences have been noted in the structure of the
myocardial cells of the left and right sides.
Received April 8, 1966.

Sarcolemma and basement membrane. The cardiac
muscle cell is limited by the sarcolemma or the
plasma membrane which is surrounded by a basement membrane except where intercalated discs are
present. The sarcolemma is an osmiophilic, distinct, and apparently single membrane of uniform
thickness (approx. 100 AU). The basement membrane, which maintains a fairly constant distance
from the sarcolemma, is of variable thickness and
averages 150-250 AU. Its structure is usually
finely fibrillar in the great part of its length, and is
less osmiophilic and less distinct than the sarcolemma (Fig. 1B). The basement membrane is
related on the outer surface to collagen fibrils which
are frequently thin, to fibrillae, and to developing
collagen filaments; it is also related to intermyocardial cells or their processes (Fig. 1B), to capillaries,
and to non-myelinated nerves. The sarcolemma is
related to pinocytotic vesicles (Fig. 1B), to tubules
of endoplasmic reticulum, and sometimes to Z discs
or structures with an appearance similar to Z discs.
Only the sarcolemma contributes to the formation of
intercalated discs. Both sarcolemma and basement
membrane infold at the region of Z discs to a variable
degree (Fig. 1D), and this infolding is proportional
to the degree of contraction of the underlying
myofibrils.
The term "sarcolemma" is frequently used to
include the basement membrane as well as the cell
membrane. A distinction is drawn here between
the two and the term sarcolemma is used only to
describe the plasmalemma of the muscle cell, as
suggested by Fawcett and Selby (1958). The
sarcolemma has been reported to consist of double
dense membranes 25 AU in thickness with a less
dense intervening zone 75 AU thick (Caulfield, 1963),
an appearance described by Robertson (1958) as the
"unit membrane" present around most cells. In
our material the membrane usually appeared as a

796

Br Heart J: first published as 10.1136/hrt.28.6.796 on 1 November 1966. Downloaded from http://heart.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Brit. Heart J7., 1966, 28, 796.

FIG. 1.-(A) Low-power view of a cardiac muscle cell. Part of the nucleus (N) is shown above. The
contractile myofibrils show the characteristic striations. Note the distribution of the nitochondria (M).
Dense bodies (D) are seen in the perinuclear cytoplasm. The sarcolemma and basement membrane are seen
bottom left (S). Part of an intercalated disc (ID) is also present. A deep infolding of basement membrane
and sarcolemma is indicated by the arrow. (Osmic-araldite. x 5890.) (B) The relation of the basement
membrane (BM) and sarcolemma (S) to the surrounding structures. Pinocytic vesicles (P) are seen beneath
the sarcolemma and endoplasmic reticulum (ER) near the Z disc. Note the fibrillary nature of the basement
membrane and the developing collagen filaments (C) nearby. A process of an intermyocardial cell is present
(arrow). (Osmic-araldite. x 35,360.) (C) Part of a muscle cell showing complex infolding (arrows) of the
sarcolemma and basement membrane near the cell margin. A deep infolding is seen as a cavity (DI) containing interstitial material. Pinocytic vesicles (P) are related. (Osmic-araldite. x 23,570.) (D) Branching muscle fibre. Note the infolding of sarcolemma and basement membrane at Z disc level in the part of the
cell above. The bottom part is hypercontracted. (Osmic-araldite. x 15,320.)
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single layer, a finding also present in the study of of Z discs and cross the cell stepwise at Z disc level
Stenger and Spiro (1961a), but this may be the at intervals of one or more sarcomeres (Fig. 2C).
During its complex course the intercalated disc
result of insufficient resolution.
shows structural variation. It exhibits variability in
Deep infoldings. Sarcolemma and basement the width of the space between its double membranes
membrane commonly infold deeply into the cell, at different areas, and shows dark sarcoplasmic consometimes deep enough to be near the nucleus densations on or near its membranes at various
(Fig. 1A). Such deep infoldings appear on sections parts. These, in places, form paired arcuate bodies
as irregular cavities in the sarcoplasm lined by two lying at opposite sides like desmosomes in epithelial
membranes similar to the sarcolemma and the base- cells (Fig. 2D). Intercalated discs have a sinuous
ment membrane with a lighter zone between, and course at one part and a rather straight course in
they occasionally contain fibrillary material similar others. The thin I band filaments of the terminal
to that found in the interstitial spaces (Fig. 1C, and sarcomeres of adjoining cells are inserted on opposite
2A). The outer layer of these cavities, the sarco- sides, each to its corresponding membrane. No
lemma, shows exactly the same relations as the filaments or other cellular components cross from
sarcolemma anywhere else, namely occasional Z one cell to the other at the origin of intercalated
disc attachment, pinocytotic vesicles, tubules of discs.
endoplasmic reticulum, occasional focal areas of
Intercalated discs have long been known to be
increased electron density, and contraction in- specialized cell junctions (Van Breemen, 1953).
foldings. When the plane of section passes through This observation has conclusively shown that
the " origin" of these deep infoldings in the cell wall, cardiac muscle cannot be looked upon as a synit is noted that recognizable collagen fibrils are cytium. Muir (1957b) has studied the development
present only in its "proximal" part, the rest being of intercalated discs in dog embryo heart and has
frequently occupied by interstitial fibrillary material demonstrated that they are always present and that
(Fig. 2B). Similar appearances may in some cases they increase in size and complexity with age. The
be due to cell branching (Fig. 1D). Complex in- course of intercalated discs has been classified in
foldings of the sarcolemma and basement membrane various ways, according to their position in relation
are occasionally seen, but not deeply in the cell to the contractile elements (Sjostrand, Andersson(Fig. IC).
Cedergren, and Dewey, 1958) or to their structural
Deep invaginations of the sarcolemma and base- variations (Stenger and Spiro, 1961a). The close
ment membrane have been described by Stenger binding of adjoining cells and the interdigitations
and Spiro (1961b), and they attributed this appear- are believed to secure mutual attachment (Rhodin,
ance to branching of myocardial fibres. Although del Missier, and Reid, 1961). Sjostrand et al.
it is true that such an appearance can result from (1958) suggested that they function as areas where
cell branching, in the majority of cases it would be more rapid conduction across the cell can take place.
difficult to explain on this basis. What have been
described here as deep infoldings do not necessarily
Nucleus. The nucleus, which is usually centrally
take place longitudinally in the cell, but more located, is roughly oval with the long axis in the
frequently obliquely and transversely in an in- direction of the long axis of the cell. The nuclear
constant manner, and do not end with intercalated chromatin is granular, the granules being of variable
discs. The importance of these deep infoldings is size, and they are more or less evenly distributed
that interstitial tissues are not uncommonly present throughout the nucleoplasm. In some sections a
"inside" the cell boundaries, a fact that has not central chromatin condensation is observed.
been emphasized before and was not recognized on
The nuclear wall, which is formed of two memthe light microscope.
branes and a lighter zone between, has only a few
Intercalated discs. These are specialized cell nuclear pores (Watson, 1955, 1959). The inner
membrane junctional structures that closely join layer is denser and thicker than the outer layer, the
two cardiac muscle cells in an end-to-end attach- latter being related to and sometimes continuous
ment. They are orientated transversely to the long with the wall of small vesicles in the perinuclear
axis of the cells and are composed of two dense sarcoplasm (Fig. 3A). The nuclear shape is affected
membranes separated by a less dense space. One by muscular contraction and in contracted muscle
of the membranes is continuous with the sarco- the nucleus looks fusiform rather than oval, its
lemma of one cell, the other with the sarcolemma of nuclear membrane becoming serrated.
the other. The discs have a wavy course and the
Golgi complex. Membranes of the Golgi complex
opposing cell surfaces are interdigitated in the contact zones. The intercalated discs occur at the level are found near the nuclear poles in the perinuclear
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FIG. 2.-(A) Two deep infoldings (arrows). Both contain interstitial material. A Z disc is attached to the
wall of the upper infolding. (Osmic-araldite. x 26,250.) (B) A deep infolding. Collagen fibrils are only
present in the proximal part (arrow). (Osmic-araldite. x 39,375.) (C) Intercalated disc crossing the cell
step-wise at intervals of one sarcomere. Note the osmiophilic areas at expected Z disc regions. (Osmicaraldite. x 17,060.) (D) Intercalated disc. Note the dense arcuate structures (arrows) along various parts
of its course. (Osmic-araldite. x 35,000.)
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The descriptive unit of a myofibril is the sarcomere, which is defined as the part of the fibril
bounded by two successive Z discs (Figs. 1D and
4A). In relaxed myofibrils the sarcomere length is
around 14 p and is occupied by dark and light
Mitochondria. Large numbers of mitochondria bands. A dark A band occupies most of the sarcomere except for a narrow zone of light I band at
are found in cardiac muscle cells. They are distributed in the perinuclear sarcoplasm, between the both sides of the Z discs. The A band is traversed
contractile myofibrils and under the sarcolemma by a central dark M zone and the latter is surrounded
(Fig. 1A). They are rounded or elongated, some- at both sides by a slightly light H zone. The I band
times more complex in shape, and show some is traversed at the centre by the Z disc and very
variation in size. The mitochondrial cristx are rarely by dark N lines parallel to the Z disc at each
long, running almost through the whole mito- side.
A myofibrillar sarcomere is composed of many
chondrion, and sometimes have a whorled arrangement. The cristee are compact, and this, together parallel myofilaments of which two types are rewith the dark mitochondrial matrix, gives the mito- cognized: a) thick dense filaments, and b) thin less
chondria a dense appearance. The degree of dense filaments. The distinction between these
compactness of the cristx may differ from cell to two types, though sometimes clearly seen in longicell but rarely in the same cell (Fig. 3C). Small tudinal sections, is better noted in transverse sections
dense particles are occasionally seen within the (Fig. 4D). What appear to be periodic "cross
mitochondrial matrix and occasionally either the bridges" are commonly seen between the filaments
wall of the mitochondrion or the cristte are difficult at regular intervals of about 310 AU (Fig. 4A). The
to resolve. No special topographical relation has thick and thin filaments have a special numerical and
been noted between the mitochondria and the bands topographical relation to each other as shown in the
diagram (Fig. 4C) which is adapted from Huxley
of the contractile myofibrils.
(1957). The appearances of light and dark bands
Myofibrils. The myofibrils pass along the long and zones in relaxed sarcomeres can be explained by
axis of the cardiac muscle cell, between the central the arrangement shown in the diagram. The light
nucleus and the sarcolemma (Fig. IA), from one I bands have only thin filaments, the dark A bands
intercalated disc to the other, to which their have thick and thin filaments, the relatively light
terminal parts are connected. On occasions some H zone is due to the presence of only thick filaments,
myofibrils seem to terminate in an attachment to the and the M zone results from central focal thickening
sarcolemma itself and not to intercalated discs of the thick filaments. In contracted myofibrils the
(Fig. 3B). The myofibrils have side attachments to I band and the H zone are shortened or absent,
neighbouring myofibrils at Z disc level and finally to depending on the degree of contraction taking place.
the sarcolemma. This is particularly apparent in In severely contracted myofibrils the distinct Z discs
contracted muscle where the sarcolemma is thrown and sometimes M zones are replaced by thick dense
into pockets between these attachments into which contraction bands with ill-defined limits (Fig. 1D).
the sarcoplasmic contents are pushed. In a few in- The symbols Cz and Cm have been applied (Hodge,
1955). The majority of myofibrils are contracted to
stances side attachments appear to connect some
some degree, an effect probably due to immediate
parts of myofibrils to the nuclear membrane.
Apparently the attachments are achieved by a fixation. Sometimes when a group of sarcomeres
system of transversely orientated tubules present at are hypercontracted and show contraction bands,
Z disc level (Fig. 1B, 5A, 5D), or by a material the adjoining sarcomeres are pulled towards the
similar in density and structure to that of myo- hypercontracted area and show variable degrees of
stretching (Fig. 4B).
fibrillar Z discs (Fig. 3B).
The myofibrils of skeletal and cardiac muscle are
The myofibrils in general run in parallel rows but
closely similar, and most of the information gained
a few fibrils run in other directions. They may
branch and connect with neighbouring myofibrils, on their structure and on the mechanism of conthe branching taking place at Z disc levels (Fig. 3D). traction has been derived from the former. Cardiac
Z discs, the distinct dark lines occurring across myofibrils, however, branch, and this is apparently
the myofibrils, are electron dense and give the myo- responsible for the variation in direction of the
fibrils a striated appearance on the electron micro- myofilaments.
The nomenclature of the various bands and regions
scope. Their structure is difficult to resolve, but
thin filaments are occasionally seen to cross their of myofibrils has been used by different authors in a
manner that leads to confusion. The I band which
substance.

sarcoplasm (Fig. 3A). The paired membranes of
the flattened sacs are parallel and they are surrounded
by many rounded vesicles and vacuoles of small size.
On occasions, Golgi sacs are distended.
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FIG. 3.-(A) Part of a nucleus and perinuclear cytoplasm. The outer nuclear membrane is continuous with
some vesicles (arrow). Dilated Golgi membranes are seen. (Osmic-araldite. x 75,600.) (B) Terminal
attachment of myofibrils to the sarcolemma by dense Z disc-like material. (Osmic-araldite. x 75,600.)

(C) Neighbouring muscle cells. Note the degree of compactness of the criste of the mitochondria and the
density of the matrix in each cell. (Osmic-araldite. x 37,800.) (D) Myofibril branching at Z disc level.
Side attachments of Z discs to the sarcolemma are seen (arrows). (Osmic-araldite. x 25,200.)
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FIG. 4.-(A) Some of the bands of the myofibrils are indicated. The H bands lie on either side of the M
bands. Thick and thin filaments are difficult to distinguish in longitudinal sections but can be seen at the
area indicated by the arrow. Cross-bridges can also be recognized (bottom right). Note the small granules
in the sarcoplasm. (Osmic-araldite. x 26,250.) (B) Part of a muscle cell. The myofibrils are hypercontracted at some parts and stretched in others. (Osmic-araldite. x 13,125.) (C) Diagrams (modified
from Huxley, 1957) showing the relation of thick and thin filaments in longitudinal and cross-section. (D)
High-power view of cross-section of a myofibril. Thick and thin filaments are readily seen. (Osmicaraldite. x 175,000.) (E) An occasional rough-surfaced tubule (arrow) is present between mitochondria.

(Osmic-araldite.

x 39,375.)
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was first described from polarization studies as
isotropic is a band found in two successive sarcomeres. Consequently one sarcomere contains one
half of an I band at each end. The A or anisotropic
band has been shown by electron microscopy to
have several other intermediate zones. The addition of these newly named bands to the older
named ones has resulted in the same nomenclature
being used for different structures; for example,
some authors describe two A bands and two I bands
in one sarcomere. We have, however, adopted the
system of keeping the original band symbols as they
were and modifying the names of the other " bands "
accordingly. This usage has also been adopted by
others who refer to the intermediate "bands" as
lines, discs, zones, etc.

Endoplasmic reticulum. Single membraned
vesicles, cisternm, and tubules are widely distributed
in the sarcoplasm and are known as endoplasmic
reticulum. Two types can be distinguished: (a)
Rough-surfaced tubules, which show Palade granules
related to their membranes (Palade, 1955), are rarely
seen, and are found amongst mitochondria in the
perinuclear cytoplasm, or occasionally elsewhere in
the cell (Fig. 4E). (b) Smooth-surfaced endoplasmic reticulum devoid of Palade granules is
comparatively widely distributed and can be found
virtually anywhere in the sarcoplasm, but it has an
interesting and rather constant relation to the
myofibrils.
The relation to Z discs and I bands is perhaps the
most constant. Vesicles, tubules, and cisternm of
endoplasmic reticulum are commonly found near
the Z disc region pursuing a transverse course between Z discs of neighbouring myofibrils and the
sarcolemma (Fig. 5A). This is best seen where the
myofibrils leave the plane of the section at Z disc
level (Fig. 5D). These membranes have not been
seen in this study to be continuous with that of the
sarcolemma or the outer nuclear membrane, but are
only noted to be in close proximity.
In addition to the transversely orientated endoplasmic reticulum, other cisterne and vesicles are
also found between the myofibrils, but have no
special arrangement in relation to the bands (Fig. 4A
and 5A). These are probably analogous to the
longitudinal system of endoplasmic reticulum described in skeletal muscle by several authors. Triads
like those described by Porter and Palade (1957) are
very rarely seen (Fig. 5E), and the relation and
connexions between various systems of endoplasmic reticulum in human cardiac muscle is still
obscure. Various vesicles probably belonging to
the endoplasmic reticulum are not uncommonly
seen in relation to intercalated discs (Fig. 2D). The
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possible functions of these tubules in impulse
propagation and muscle relaxation are reviewed and
discussed by Porter (1961). Considerable attention
has been drawn to these tubules and particularly to
the transverse tubular system.
Porter and Palade (1957), in skeletal muscle from
various animals, have regularly noted a "triad" of
vesicles at each Z disc level. Andersson-Cedergen
(1959) has shown by serial section studies in mouse
skeletal muscle that a highly convoluted transverse
system of tubules is regularly present at Z disc level,
which he called the "T system". He also noted
that the "T system" is not an invagination of the
sarcolemma. The central vesicle of the triad is part
of the "T system" and the outer ones are part of the
longitudinal system. Many studies on striated
muscle have confirmed the constant relation between the "T system" and the contractile myofibrils. Recently, however, Nelson and Benson
(1963) have described in human as well as in rabbit
myocardium how the transverse tubular system is
formed by an invagination of the sarcolemma and
basement membrane at Z disc region. Simpson and
Oertelis (1962) had described similar findings in the
myocardium of sheep. Franzini-Armstrong and
Porter (1964) have also found a similar picture in
fish skeletal muscle by using glutaraldehyde fixative,
but they failed to show continuity of the transverse
system with the sarcolemma in material fixed in
osmium tetroxide.
In our study the tubules of endoplasmic reticulum
are much less developed than those described in
skeletal muscle; triads are rarely noted and the
transverse system by its consistent relation to the
Z discs is more readily recognized than the longitudinal system. We have also shown that the transverse system in osmium preparations has only a
single membrane-no basement membrane-and
we have not found it to be continuous with the
sarcolemma. Our finding in the human atrium is
in agreement with the serial section studies of
Andersson-Cedergren (1959) in skeletal muscle and
with that of Stenger and Spiro (1961b) in cardiac
muscle of dogs and rats. We believe that Nelson
and Benson (1963) have misinterpreted the sarcolemmal and basement membrane infoldings associated with muscular contraction as the transverse
system. A picture like this can be produced if the
plane of the section is near the sarcolemma. Although Franzini-Armstrong and Porter (1964)
demonstrated their claim in fish skeletal muscle
using glutaraldehyde fixative, it would be curious if
osmic acid failed to stain the basement membrane
component in the transverse tubules, if such a basement membrane is present, and at the same time
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FIG. 5.-(A) Transverse system of single-membraned tubules passing between neighbouring Z discs (arrow). (Osmicaraldite. x 63,460). (B) Intermyocardial cell, and parts of two muscle cells. Note the cell process, the fibrillary
cytoplasm, and the "owl-eye" appearance of the nucleus. (Osmic-araldite. x 17,000). (C) Cytoplasm of an
intermyocardial cell between two muscle fibres. Rough-surfaced tubules, mitochondria, and lipid droplets are seen in
the cytoplasm, together with many filaments. Areas of collagen fibrillogenesis are seen nearby (arrow). (Osmicaraldite. x 12,750). (D) Transversely orientated tubules are seen between the sarcolemma and a Z disc. Note the
process of an intermyocardial cell (CP). (Osmic-araldite. x 25,500). (E) A "triad" of vesicles is seen between neighbouring Z discs. The central vesicle, part of the transverse system, has a single membrane. Cross-bridges between
myofilaments are clearly seen. (Osmic-araldite. x 100,000). (F) Lipofuscin pigment (L) and dense bodies (D).
A few filaments (arrows) are seen in the sarcoplasm. (Osmic-araldite. x 25,000.)
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stained the basement membrane outside the cell and
in the deep infoldings.

nuclei". It is our impression that some of these
might be related to lysosomes.

Pinocytotic vesicles. Pinocytotic vesicles are
related to the sarcolemma (Fig. lB and 2B) and on
occasions their walls are noted to be continuous with
it. They are chiefly found underlying the sarcolemma in the rather dense cytoplasm. They are
variable in number and can be easily distinguished
from other vesicles of endoplasmic reticulum by
their small uniform size, their rounded shape, and
their osmiophilic contents.

Lipofuscin pigment. Lipofuscin pigment varying
in amount is seen in all cases examined. The pigment is easily detected on low power views as
aggregates of dense granules forming relatively
large, oval masses of variable size (Fig. 5F). The
larger are about 1 x 2 jt, and the smaller, about half
this size, are more rounded. They contain granules
of different sizes and osmiophilia among which
vacuoles are commonly found. The vacuoles are
formed of structureless and slightly osmiophilic
material; they are sometimes multiple and may be
surrounded partially or totally by the pigment
granules. Lipofuscin dense masses are usually
found near the nucleus but are also occasionally
seen at a distance from it, sometimes being present
under the sarcolemma. Some specimens have only
a few lipofuscin pigment masses, others have a large
number. Those near the nucleus are frequently
multiple while those away from the nucleus are
usually solitary.

Sarcoplasmic granules and filaments. The sarcoplasm has a great but variable number of very small
granules of different sizes and density (50-150 AU)
(Fig. 4A). Occasionally a few osmiophilic filaments are also seen amongst the granules, especially
in the perinuclear sarcoplasm. These filaments are
not distributed in any special direction (Fig. 5F).
Most of the granules commonly seen in the sarcoplasm have been identified as glycogen by many
workers using different procedures (Fawcett and
Selby, 1958; Bergman, 1960a, b; Revel, Napolitano,
and Fawcett, 1960; Themann, 1960). Other
granules, probably the smaller ones, may be nonmembrane-attached ribonucleoprotein granules of
Palade (1955).

Dense bodies. Dense rounded or oval bodies
averaging 2500 AU are not uncommonly seen in the
perinuclear sarcoplasm (Fig. 1A and 5F) but rarely
elsewhere. Their osmiophilic contents are difficult
to resolve but most of them are granular. Some
larger and less osmiophilic bodies show multiple
vesicles embedded in their dense contents. They
are occasionally bound by a thin membrane,
especially the larger vesiculated bodies. These
dense bodies, though usually found amongst lipofuscin pigment, are occasionally seen in the absence
of the latter.
They are morphologically similar to "les corps
denses " described by Bompiani, Rouiller, and Hatt
(1959) in the conducting system of the rat. Because " les corps denses " were thought to be present
only in the bundle of His, they suggested that they
may have a function related to excitability. Similar
"corps denses" were reported in the ventricular
septum of guinea-pigs by Rossi and Bassi (1962).
Kisch (1963a), however, reported similar structures
in the atrial myocardium of guinea-pigs, rabbits,
rats, and mice. He stated that they present "a
significant electron microscopic difference between
atrial and ventricular myocardium". Kisch (1963b)
in another paper thought that "they present a
wealth of enzymatic systems surrounding the

Connective Tissue Septa
The connective tissue septa traversing the myocardium are continuous with the subendocardium
and the epicardium. From these major sept?,
minor septa intervene between yet smaller groups or
lobules of muscle cells. The connective tissue in
the septa is qualitatively similar to that of the subendocardium (Lannigan and Zaki, 1966). The
septa contain collagen fibrils which are only rarely
aggregated into small fibres, tiny elastic fibres, thin
collagen fibrils, developing collagen filaments,
fibrillee, occasional arterioles and vesicles, vascular
capillaries of various size, and non-myelinated
nerves. The minor septa contain fewer but similar
structures.
An additional feature is the presence of cells
related to cardiac muscle cells. These cells are
very commonly seen in the main septa, the minor
septa, and between cardiac muscle cells where few
interstitial components intervene. They have long
slender processes which run parallel to the cardiac
muscle cell surface (Fig. lB and 5D). Their
nucleus and main cytoplasmic organelles-when
encountered-are seen to be in the minor septa or
in the spaces where several muscle cell "corners"
meet. The nucleus sometimes shows central chromatin condensations and resembles the "owl eye"
nucleus of some Aschoff cells (Fig. 5B). Their
cytoplasm is of variable morphology, frequently
poorly differentiated, and it contains mainly fibrillar
material, but others have more organelles, chiefly
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rough-surfaced endoplasmic reticulum, vacuoles,
mitochondria, and different inclusions (Fig. 5G).
They may also show centrosomes, filaments, small
vesicles, and granules. These intermyocardial cells
have no basement membrane.
Very little attention has been devoted to the cells
occurring between cardiac muscle cells in other
studies, and reference to their presence is found only
in legends to figures. The intermyocardial cells,
however, occur regularly and have a rather constant
relationship to cardiac muscle cells, even in areas
where connective tissue is almost absent. Based on
their fine structural morphology, some can be
described as undifferentiated cells, some as fibroblasts, and others as macrophages.
Ehrlich and Lapan (1939) have described myocardial reticulocytes arising from the interstitial
tissues of embryonic as well as adult normal hearts.
Their descriptions and the relations given to these
cells are identical to the intermyocardial cells described here. In describing the intimate relation of
these cells to cardiac muscle cells, Ehrlich and Lapan
stated, " . . . and in many instances they appear to lie
within these fibres (cardiac muscle fibres) although
examination of cross sections reveals this to be the
result of superimposition or infolding". These
cells occasionally have a caterpillar nucleus and in
many ways are comparable to Anitschkow myocytes
(Anitschkow, 1913). Ehrlich and Lapan (1939)
reviewed the published reports on the origin of these
cells, which had been postulated to be from degenerate muscle, from vascular endothelium, from
fibroblasts, and from histiocytes. They concluded
that these cells constituted part of the framework of
the myocardium and that they were capable of
proliferating in a number of conditions. Clawson
(1941) used the name " cardiac histiocytes " for these
cells. It is not our intention to overestimate the
significance of these cells, but emphasis is put here
because many authors, particularly those studying
cardiac pathology, are frequently unaware of their
presence and their intimate relation to cardiac
muscle. Their physiological functions may not be
different from those of fibroblasts or macrophages,
but their possible role in pathological conditions
must be considered.
DISCUSSION
The observations on cardiac muscle cell structure
in the atrial appendage have shown little difference
from that of the human ventricles or from other
mammalian cardiac muscle cells. In addition,
some of the constituents of skeletal muscle cells are
morphologically identical with those of cardiac

muscle; for example, myofibrils (Huxley, 1961).

Karrer (1959) reported that the striated musculature
of the lung veins of the mouse was identical to that
of cardiac muscle. In previous publications little
attention has been paid to the close relationship of
the muscle cells and the interstitial components,
especially the constant association of intermyocardial
cells with the basement membrane.
Although minor differences occur in the structure
of various muscle cells, these differences are not of
such a degree as to suggest that we have seen muscle
cells belonging to the conducting system. No
electron microscope studies on the conducting
system of the human heart have been published.
Light microscope observations on the human cardiac
conducting system show very slight, if any, histological variation from other cardiac cells. Nandy
and Bourne (1963) described the light microscope
appearances of the human conducting system cells
in the following manner: "The main problem is to
distinguish this specialized myocardium from the
surrounding muscle cells." It appears that human
conduction cells have no specific or at least minimal
morphological differences from other cardiac muscle
cells. It is therefore possible that we have encountered such cells without being able to identify
them. Electron microscope observations of various
animals have shown that the cells of the cardiac
conducting system are morphologically different
from other cardiac cells (Muir, 1957a; Bompiani
et al., 1959; Rhodin et al., 1961; Mandelman et al.,
1962). All these cells, however, have intercalated
discs and do not form a syncytium. Their intercalated discs are not as complex as ordinary postembryonic cardiac cells, and they usually have fewer
peripheral myofibrils.
SUMMARY

The ultrastructure of the myocardium of the right
and left atrial appendages is described. This is similar to ventricular myocardium and resembles skeletaI
muscle in many respects. Deep infoldings of
sarcolemma and basement membrane have been
noted, and these are not always related to cell
branching. Because of these infoldings, changes
occurring extracellularly may appear on the light
microscope to be within the boundaries of cardiac
muscle cells. The constant relationship of intermyocardial cells and their processes to the basement
membrane is described.
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