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Summary. Using morphometric analysis of thin sections 
and freeze-fracture replicas, the ultrastructure of isolated 
rat myocytes prepared by collagenase digestion (Powell 
et al. 1980) was compared with that of myocytes fixed by 
perfusion of intact myocardium. The volumes of myofibrils, 
mitochondria, nuclei, sarcoplasmic reticulum and lipid 
droplets in the isolated myocytes did not differ from those 
of their counterparts in the intact heart, but the volume 
occupied by transverse tubules was apparently reduced, The 
isolated cells had significantly shorter sarcomeres than did 
cells in the intact tissue, and this was associated with an 
altered topography of plasma membrane surface folds at 
the level of the Z-lines. Plasma membrane intramembrane 
particles were randomly distributed and showed the same 
numerical density on the E-faces of both isolated and intact- 
heart myocytes. However, P-face particle density was 
slightly reduced in the isolated cells. It is concluded that 
the few differences detected in the isolated cells do not re- 
flect any fundamental derangement of their properties. 
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Isolated cardiac myocytes provide a useful model system 
for the investigation of myocardial function at the cellular 
level (Dow et al. 1981 a, b). Using thin section and freeze- 
fracture electron microscopy, we have previously investi- 
gated the ultrastructural features of calcium-tolerant myo- 
cytes isolated from the adult rat heart, and discussed our 
findings in relation to the functional properties shown by 
these cells (Severs et al, 1982). After isolation of myocytes 
by the method of Powell et al. (1980), all the normal fea- 
tures of cellular structure appear well preserved and no 
irreversible damage appears to be sustained as a result of 
separation of the intercalated discs. However, although the 
ultrastructure of these cells appears qualitatively similar to 
that of myocytes in the intact heart, the possibility that 
the isolation process leads to quantitative changes in the 
cell's ultrastructural components has not previously been 
investigated. The purpose of the present study was to exam- 
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ine this possibility in detail by applying morphometric tech- 
niques to analyse (i) subcellular component and organelle 
volumes by thin-section electron microscopy, and (ii) plas- 
ma membrane topography and macromolecular structure 
from freeze-fracture replicas. Particular emphasis is given 
to new information on sarcomere length, plasma membrane 
surface folds and intramembrane particle density and distri- 
bution. 

Materials and methods 

A. Preparation of isolated myocytes and intact 
myocardial tissue 

Hearts were obtained from adult female Sprague-Dawley 
rats weighing 250-300 g. The animals were maintained on 
a standard chow diet with tap water available ad libitum. 
Four hearts were used for the preparation of isolated myo- 
cytes, and a further four for the examination of myocytes 
in intact tissue. 

Suspensions of purified cardiac myocytes were obtained 
by retrograde perfusion of the hearts through the aorta 
(Langendorff 1895) with crude collagenase in low-calcium 
Krebs-Ringer bicarbonate buffer as described in detail pre- 
viously (Powell et al. 1980). The isolated cells were fixed 
by adding 1 volume of the myocyte suspension to 4 volumes 
of 2% glutaraldehyde in either 1/3 strength Krebs buffer 
or 0.1 M sodium cacodylate buffer (pH 7.3) at 37 ~ C. 

Whole hearts were perfusion-fixed by the Langendorff 
technique with cacodylate-buffered 2% glutaraldehyde at 
a continuously monitored mean pressure of 8KPa 
(60 mm Hg) at 37 ~ C as described by Nayler et al. (1978). 

After initial fixation, both the isolated myocyte prepara- 
tions and multiple small samples of left ventricular tissue 
cut from the perfusion-fixed hearts were transferred to fresh 
glutaraldehyde fixative at room temperature for 2 h. At 
the end of this period, the samples from each of the four 
isolated myocyte preparations and those from each of the 
four hearts were split into two batches, one for thin section 
electron microscopy and one for freeze-fracture. 

B. Electron microscopy 

All samples for thin sectioning were rinsed in 0.1 M sodium 
cacodylate buffer, post-fixed in cacodylate-buffered 1% 
OsO 4 at 4 ~ C for 2 h, en-bloc stained with saturated aque- 
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Fig. 1 a, b. Survey thin section views of an isolated 'rod-shaped' myocyte (a) and intact myocardial tissue (b) from rat heart. V capillaries 
and small blood vessels, x 1350. Bar= 10 gm 

ous uranyl acetate for 1 h at room temperature, dehydrated 
in ethanol and embedded in Araldite via propylene oxide. 
Sections were prepared using an LKB III  ultramicrotome, 
and some were further stained with uranyl acetate and lead 
citrate. 

For  freeze-fracture, samples were gradually infiltrated 
with glycerol in cacodylate buffer to a final glycerol concen- 
tration of  25% over a period of  70-80 min. They were then 
mounted and frozen by immersion into liquid nitrogen- 
cooled Freon 12 or propane. Freeze-fracturing was carried 
out either by microtome or by using a double replica device 
in a Balzers BAF 400T unit at a temperature of  between 
- 1 1 0  and - 1 1 5 ~  and at a vacuum of 5 x l 0 - ~ m b a r  
or better. Replicas were routinely made immediately after 
fracturing, though in some runs (not used for intramem- 
brane particle analysis) the specimens were briefly etched 
first. The replicas were cleaned in 40% chromic acid and 
rinsed in distilled water. A minimum of six replicas (i.e., 
six specimens) were prepared from each heart and from 
each isolated myocyte preparation. 

Thin sections and freeze-fracture replicas were examined 
and images recorded using a Philips EM 301 electron micro- 
scope. 

C. Morphometric analysis 

i) Myocyte organelle and subcellular component volumes. 
Ribbons o f  longitudinally-sectioned cells were prepared 
from three blocks from each isolated myocyte preparation 

and from three blocks from each heart. One section only 
per ribbon was selected for image recording, and the grid 
bars were used as a reference system to avoid operator 
bias (Weibel 1969). Ten exposures were taken from each 
section at the upper left-hand corners of  the fields framed 
by the grid bars. The negatives were printed at a final mag- 
nification of  x 30000 with a superimposed lattice grid of  
16 m m '  d '  spacing. The volumes of  subcellular components 
were determined by point-counting according to Weibel 
(1969) using a total of  120 micrographs from the isolated 
myocyte preparations and a further 120 micrographs from 
intact tissue. The following components were measured: 
myofibrils, mitochondria, nuclei, transverse tubules, sarco- 
plasmic reticulum and lipid droplets. Points occurring over 
cytoplasmic space and structures which could not be identi- 
fied were placed in the category 'o ther ' .  

ii) Sarcomere lengths. Survey micrographs from each sam- 
ple were printed to a final magnification of  • 30000. On 
thin section micrographs of  cells cut in precise longitudinal 
section, measurements were made of  the distance between 
Z-lines at the beginning and end of  a series of  sarcomeres, 
and the average sarcomere length of  each cell determined. 
Sixteen cells from intact tissue, and a further sixteen from 
isolated myocyte preparations, were measured in this way. 
Similar measurements were made on freeze-fracture views 
of  the plasma membrane, using the periodic distribution 
of  surface folds and/or transverse tubules as markers of  
the Z-band positions. Only the more clearly defined series 
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Table 1. Comparison of percentage volumes" (_+ SEM, n=4) of 
organelles and subcellular components in isolated myocytes and 
myocytes of intact tissue 

Myocyte component Isolated Myocytes 
myocytes of intact tissue 

Myofibrils 53.3 _+ 1.4 54.8 + 0.5 
Mitochondria 34.0_ 1.2 37.5 _+ 1.0 
Nucleus 4.2 _+ 0.6 2.5 + 0.5 
Transverse tubules 1.7 + 0.2" 3.2 + 0.3 * 
Sarcoplasmic reticulum 1.0+0.3 0.6+0.2 
Lipid droplets 0.3 _+ 0.05 0.2 _+ 0.04 
'Other '  5.5• 1.2• 

* Indicates significantly different at P<0.05. (The significant dif- 
ference recorded in the category 'Other '  reflects the presence 
of more imperfections concealing recognisable structure in the 
isolated myocyte sections than in the intact-heart sections ana- 
lysed) 

a Group means were compared using Students t-test 

of  surface folds were selected (e.g., similar to those shown 
in Fig. 3), and  the measurements  made to the mid-line 
bisecting the fold. In  intact  myocardium,  this mid-line cor- 
responds to the central ridge of  the fold (see Results). 

iii) Numerical density and distribution of intramembrane par- 
ticles. En-face views of  the freeze-fractured myocyte  plas- 
mamembrane  were recorded at a magnif icat ion of  • 28 000. 

F r o m  a pool  of  these images, six P-face views and six E-face 
views (each representing a different cell) were selected from 
each of  the four isolated myocyte  prepara t ions  and from 
each of  the four hearts  providing intact  tissue samples. The 
criteria for selection were minimal  curvature of  the mem- 
brane and opt imal  replica quali ty and shadow density. The 
micrographs were pr inted at  a final magnif icat ion of  
x200000 and a 1 0 •  test grid (sub-divided into 
100x 1 cm 2 squares) super imposed over each print.  The 
number  o f  particles visible in each of  the squares was re- 
corded using a Kon t ron  digitizer tablet  and a M O P  I micro-  
processor  interfaced with a Commodore  PET 3032 
equipped with a R O M  designed for this combinat ion  of  
instruments (Jones et al. 1983). The analysis was performed 
' b l i n d '  to exclude the possibil i ty o f  opera to r  bias. In t ra-  
membrane  particles of  less than 5 nm diameter  were ex- 
cluded. In t ramembrane  particle density (i.e., number  of  par-  
t ides  l~m-z) and the coefficient o f  dispersion were deter- 
mined for each set o f  six prints.  The coefficient of  dispersion 
gives a measure o f  particle dis t r ibut ion in relat ion to the 
Poisson ( random) hypothesis  (Paul• et al. 1978). In  a ran-  
dom distr ibution,  the variance and mean are equal;  the 
rat io of  variance to mean,  or  coefficient of  dispersion, is 
thus 1.0. As detailed by Paul• et al. (1978), values for the 
coefficient of  dispersion below 0.67 indicate statistically sig- 
nificant ordering of  particles,  those above 1.4 indicate stat-  
istically significant aggregation,  and  those falling between 
0.67 and 1.4 indicated statist ically significant randomness  
at P<0 .01 .  

Fig. 2a, b. Thin section comparison of the contractile apparatus in an isolated myocyte (a) and a myocyte from intact tissue (b). 
Note wider I-bands (/) in the latter. • 25700. Bar = 1 pm 
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Fig. 3. Freeze-fractured plasma membrane (E-face view) of a myocyte from intact tissue. Note doublet appearance of Z-folds (Z). 
O offset Z-folds; M imprints of mitochondria,  x 10300. B a r =  1 Ixm 

Fig. 4. Freeze-fractured nuclear membrane (N) from an intact-tissue myocyte. Periodic deformations (D) circumscribe the nucleus at 
the level of the Z-bands. x 16700. B a r =  1 gm 
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Fig. 5. Freeze-fractured plasma membrane (P-face view) from an isolated myocyte. In contrast  to Fig. 3, each Z-fold (Z) appears as 
a single broad depression. • 10300. B a r =  1 ~tm 

Fig. 6. Freeze-fractured isolated myocyte showing a cross-fracture view of the cell interior together with a small port ion of the plasma 
membrane (*) in planar (P-face) view. Z-lines (Z) are clearly aligned with the indentations of Z-folds (arrowheads). • 14000. Bar = 1 I~m 
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Fig. 7. Examples of freeze-fractured myocyte plasma membranes giving typical views of intramembrane particle density and distribution 
(a) P-face, intact-tissue myocyte; (b) P-face, isolated myocyte; (e) E-face, intact-tissue myocyte; (d) E-face, isolated myocyte, x 120400. 
Bar= 100 nm 

Results 

Fig. I a illustrates the typical thin-section appearance of  an 
individual ' rod-shaped '  myocyte after isolation by the 
method of  Powell et al. (1980). For  comparison, a survey 
view o f  intact myocardium is shown in Fig. 1 b. Inspection 

of  these micrographs confirms that the ultrastructural fea- 
tures of  the isolated myocytes used in the present study 
closely resemble those of  their counterparts in intact tissue, 
as previously reported in similar preparations (Severs et al. 
1982). Comparison of  the volumes of  the principal organ- 
elles and components o f  the cells (Table 1) demonstrates 
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that this qualitative similarity extends to the quantitative 
level. Statistical analysis o f  these data showed that, with 
the possible exception of  transverse tubules, the organelle 
volumes of  isolated myocytes do not  differ significantly from 
those of  myocytes in intact tissue. 

Thin-section micrographs of  the myofibrils reveal that 
the contractile apparatus of  isolated myocytes is not in a 
fully extended condition (Fig. 2). In these cells, the I-bands 
are less wide and distinct, and the sarcomeres are shorter 
in length than those of  intact myocardium fixed in a relaxed 
state by Langendorff  perfusion. This difference is reflected 
in the surface topography of  the plasma membrane when 
viewed en face by freeze-fracture (Figs. 3, 5). Relaxed rat 
myocytes in intact tissue (Fig. 3) characteristically display 
periodic folds (Z-folds overlying the Z-band positions, simi- 
lar to those previously described in the rabbit myocardium 
(Levin and Page 1980). Individual Z-folds are typically, 
though not invariably, comprised of  two parallel valleys 
separated by a central ridge (seen in reverse relief in the 
E-face view in Fig. 3). Vertical rows of  folds delineate the 
longitudinal boundaries of  individual myofibrils which are 
for the most  part arranged in register side-by-side. Some- 
times, however, neighbouring groups of  these imprints ap- 
pear offset from one another, reflecting a misalignment in 
the underlying myofibrils. Imprints of  mitochondria pressed 
against the plasma membrane are also sometimes visible 
between consecutive Z-folds. Where these result in substan- 
tial deformation of  the plasma membrane, caveolae are re- 
duced in density compared with the surrounding membrane 
areas. It is interesting to note that periodic folds or defor- 
mations corresponding to the Z-band positions, are also 
discernible in the membranes of  some nuclei (Fig. 4). 

The Z-folds in the plasma membranes of  isolated myo- 
cytes differ from those in the intact tissue examined, typi- 
cally appearing as single broad shallow depressions without 
a dividing ridge (Fig. 5). In both cases, however, the Z-folds 
are often perforated by transverse tubule openings. In un- 
usually favourable fractures in which the Z-band is directly 
visualized as a narrow cross-fractured band of  concentrated 
particles (representing plastically-deformed products of  the 
Z-band material) and expanses of  the plasma membrane 
are visible alongside (Fig. 6), the precision with which the 
surface folds mark the Z-band positions is evident. Mea- 
surements between the surface folds or transverse tubule 
openings in the standard planar freeze-fracture views (in 
which Z-bands are not directly seen) thus provide a reliable 
indication o f  sarcomere length. Comparison of  the sarco- 
mere lengths (Table 2) reveals higher values in freeze-frac- 
ture preparations than in thin sections. Both techniques 
reveal a significantly shorter sarcomere length in isolated 
myocytes than in intact myocardium. 

Inspection of  the plasma membrane in high-magnifica- 
tion freeze-fracture view reveals no obvious difference in 
intramembrane particle density and distribution between 
isolated and intact-tissue myocytes (Fig. 7). However, 
quantitative analysis (Table 3) showed a slight but signifi- 
cant ( P =  0.004) reduction in the density o f  P-face particles 
in the isolated myocytes, though E-face particle density re- 
mained unchanged. As in most other membrane types, the 
density of  particles on the P-faces was significantly higher 
( P <  0.001) than that of  the E-faces. The coefficients o f  dis- 
persion in all samples but one fell between 0.82 and 1.21 
indicating statistically random particle distributions (at P < 
0.01). The exception was a set of  P-faces from intact tissue 

Table 2. Comparative measurements of sarcomere length @m,+ 
SEM, n = 16) in isolated myocytes and intact myocardium 

Method Isolated myocytes Intact myocardium 

Thin section 1.65 _+ 0.04 1.86 ,+ 0.03 
Freeze-fracture 1.77 ,+ 0.03 2.12 • 0.03 

Two-way analysis of variance showed that sarcomere lengths were 
significantly shorter (P < 0.05) in isolated myocytes compared with 
intact myocardium, and in thin section compared with freeze-frac- 
ture for intact myocardium. In the case of isolated myocytes, the 
thin section and freeze-fracture values were not significantly differ- 
ent at the 5% level (0.1 >P>0.05) 

Table 3. Numerical density and distribution of intramembrane par- 
ticles (IMP) on the plasma membranes of rat cardiac muscle cells. 
IMP density is given as the number of IMP per ~tm z ; CD coefficient 
of dispersion (n = 6) 

Sample no. P-face E-face 

IMP density (CD) IMP density (CD) 

Isolated myoeyte preparations 

1 2461 (0.87) 1122 (1.07) 
2 2429 (0.92) 1241 (0.82) 
3 2453 (0.87) 1236 (1.10) 
4 2541 (0.90) 1185 (1.21) 
Mean +_ SEM 2464• 1196+28 

Intact myocardium 

1 2800 (0.63)* 1177 (1.13) 
2 2600 (0.82) 1219 (1.18) 
3 2796 (0.86) 1211 (1.03) 
4 2603 (0.90) 1154 (1.0) 
Mean _+ SEM 2712,+50 1190-t-15 

The CD values all indicate statistically significant randomness of 
IMP at P<0.01 except that marked *, which shows statistically 
significant ordering 

(asterisk, Table 3), which with a value of  0.63 fell just within 
the limit o f  statistically significant ordering rather than ran- 
domness. This has no special biological significance; it mer- 
ely 'indicates that the particles had a tendency to be more 
spread out than would be expected with a mathematically 
random distribution. F rom the point of  view of  membrane 
pathology, it is coefficients of  dispersion in excess of  1.4 
that are of  importance, as particle aggregation is considered 
to be a marker of  membrane damage (see Discussion). 

Discussion 

The quantitative ultrastructural results presented here con- 
firm and extend our earlier descriptive ultrastructural obser- 
vations on the isolated rat myocyte (Severs et al. 1982). 
The data for percentage volumes of  myofibrils and mito- 
chondria (Table 1) are similar to those reported in numer- 
ous other morphometric  studies on intact rat myocardium 
(e.g., Reith and Fuchs 1973; Dat ta  and Silver 1975; Hat t  
etal .  1978; David etal .  1979; McCallister etal .  1979), 
though for the other organelles we measured, fewer pub- 
lished data are available for comparison. The sarcoplasmic 
reticulum values, while showing no difference between iso- 
lated and intact-heart myocytes, are lower than those given 
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by Page and McCallister (1973) which were, furthermore, 
considered minimal estimates because of the difficulty in 
identifying this component in tangential section. Transverse 
tubule volume appeared to be significantly lower in our 
isolated myocytes than in myocytes of intact tissue, and 
in view of differences in contractile state (see below), this 
could be attributed to compression of the tubules. However, 
since our transverse tubule value for isolated myocytes is 
similar to that previously reported for intact rat tissue (Page 
and McCallister 1973; Stewart and Page 1978; McCallister 
et al. 1979), this possibility will require further investiga- 
tion. 

Our data on sarcomere lengths show that (i) myocytes 
processed for thin sectioning have shorter sarcomere lengths 
than those examined by freeze-fracture, (ii) this difference 
is more marked in intact tissue than isolated myocytes, and 
(iii) isolated myocytes consistently have shorter sarcomere 
lengths than the myocytes of intact tissue. 

The sarcomere length determined in freeze-fractured iso- 
lated myocytes in the present study is similar to that mea- 
sured directly in our isolated cells (1.82-1-0.06 pm, Nash 
et al. 1979) and in corresponding preparations of other lab- 
oratories (Wittenberg and Robinson 1981 ; Robinson et al. 
1981 ; Roos et al. 1982; see, however, Gerdes et al. 1982). 
The freeze-fracture data therefore appear to reflect the true 
values more accurately than do the thin section data, 
though the possibility of some shrinkage during pretreat- 
ment for freeze-fracture cannot be excluded. The problem 
of volume changes during processing of isolated myocytes 
and myocardial tissue for thin sectioning has previously 
been studied in detail by Gerdes et al. (1982). Although 
these authors detected significant alterations (notably after 
OsO 4 and after uranyl acetate treatment), the final dimen- 
sions of embedded isolated cells did not differ from those 
of unfixed cells. In contrast to the isolated cells, however, 
whole tissue shrank markedly (14% in length) following 
exposure to propylene oxide. 

In seeking an explanation for the reduced sarcomere 
lengths found in isolated myocytes compared with intact 
myocardium, account must be taken of the different physi- 
cal factors prevailing at the time of fixation. Indeed, com- 
parison of sarcomere lengths in whole tissue and isolated 
cells is only possible if precise definitions are given to terms 
which, until now, have been used for multi-cellular prepara- 
tions only. Thus, both the Langendorff-perfused heart and 
the isolated cell may be either 'a t  rest', ' relaxed'  or 'con- 
tracting', but the mechanical loads imposed are markedly 
different for the two preparations. The generally accepted 
value of about 2.2 ~tm for sarcomere length at normal ven- 
tricular end-diastolic volume (Page 1974) is determined by 
the weight of blood in the heart, its compliance and its 
inotropic state. At this point in the cardiac cycle, the ven- 
tricular fibres are developing sufficient "steady-state" ten- 
sion to provide the initial conditions, or pre-load, prior 
to systole. In the case of the isolated myocyte in suspension, 
the tension generated is zero, and the sarcomere length will 
be determined by the balance of passive and active forces 
present in the unloaded cell. Sarcomere lengths in isolated 
cells should therefore be compared only with those of whole 
heart in which the 'resting' tension is zero, and this length 
in rat papillary muscle is reported to be about 1.9 lam (Jew- 
ell 1977). 

The doublet appearance of the plasma membrane folds 
observed in relaxed myocytes from intact rat heart (Fig. 5) 
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Fig. 8. Diagrams illustrating possible relationship between mor- 
phology of plasma membrane Z-folds and anchorage sites (A) for 
vinculin and other membrane-attachment proteins in (1) a myocyte 
from perfusion-fixed heart and (2) an isolated myocyte. These dia- 
grams correspond respectively to the en-face freeze-fracture views 
in Figs. 3 and 5. Z Z-band; m myofibril; p plasma membrane 

is similar to that illustrated by Levin and Page (1980) in 
rabbit myocytes passively extended to sarcomere lengths 
of 2.34-2.44 gm. Why such plasma membrane folds exist 
in relaxed and extended cells has not hitherto been satisfac- 
torily explained, but recent studies on the localization of 
the putative cytoskeleton-membrane attachment protein, 
vinculin (Pardo et al. 1983a, b), offer some interesting new 
insights into this problem. Using immunofluorescence tech- 
niques, Pardo et al. (1983a, b) have demonstrated, that in 
both skeletal and cardiac muscle, dense transverse patches 
of vinculin (termed 'costameres') are closely associated with 
the plasma membrane at the level of the Z-lines. In skeletal 
muscle, longitudinal bands of vinculin interlink the rib-like 
costameres, and each costamere can be resolved as a doub- 
let flanking the Z-line (i.e., overlying the I-bands; Pardo 
et al. 1983a). The specific distribution of the costameres, 
together with the currently accepted role of vinculin as a 
mediator of cytoskeleton attachment to membranes (Geiger 
et al. 1980, 1981), has led to the proposal that vinculin phys- 
ically anchors the Z-discs to the cell surface, thereby me- 
chanically integrating the contractile machinery and the 
plasma membrane (Pardo et al. 1983a, b). 

That costameres and surface fold doublets are intima- 
tely related is evident from their correspondence in location, 
periodicity and distribution. This correspondence extends 
to the presence of longitudinal elements, and staggered pat- 
terns of transverse elements where the underlying myofibrils 
are misaligned. We therefore interpret the twin depressions 
of the surface folds as the anchorage sites of vinculin and 
believe that they are generated by the tension of these pro- 
teins pulling on the membrane as depicted in Fig. 8. The 
replacement of the doublet of depressions by a single broad 
depression at shorter sarcomere lengths, as observed in iso- 
lated myocytes, could then be explained by alterations in 
the forces acting on the attachment sites which arise as 
the cell contracts. 

The intramembrane particle densities recorded on the 
plasma membrane fracture faces of myocytes in intact rat 
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myocard ium (Table 3) exceed those repor ted  in earlier stu- 
dies of  the myocard ia  of  a variety of  mammal ian  species 
(Rayns et al. 1968; F ry  et al. 1979; Gros  et al. 1980; F rank  
et al. 1980, 1982), including the rat  (Bullock et al. 1981) 
in which similar s tandard  counting methods were used. 
However,  in a recent systematic investigation using stereo- 
imaging (Kordylewski  et al. 1983), the P-face values ob- 
tained were at least two-fold those of  the earlier studies. 
Apa r t  from this difference, a t t r ibutable  to the detection by 
stereo-viewing of  otherwise inconspicuous part iculate  de- 
tail, a notable  feature of  all the da ta  is the lack of  agreement  
between the results repor ted from different laboratories .  
The principal  sources of  this var ia t ion are p robab ly  (i) dif- 
ferences in the technical procedures used for freeze-fracture 
(e.g., f ixation method,  adequacy o f  protect ion from conden- 
sation contaminat ion,  replica quali ty etc), and (ii) differ- 
ences in the criteria adopted  as to precisely which structures 
are classified as in t ramembrane  particles. As discussed by 
Shot ton (1982) and Kordylewski  et al. (1983), close inspec- 
t ion of  good quali ty micrographs  reveals a rich variety in 
size, shape, height and prominence o f  part iculate-l ike de- 
tail;  hence even assuming the feasibility of  ensuring stan- 
dardised opt imal  procedures  in all laboratories ,  uniformity 
in the final da ta  o f  different research groups might still 
prove difficult to achieve. 

Al though direct comparisons  of  the absolute in t ramem- 
brane particle values repor ted  from different research 
groups would seem to be of  dubious  significance, the overall  
pat terns  of  experimental ly- induced change do nevertheless 
appear  to be reproducible.  A decrease in the numerical  den- 
sity and /o r  aggregat ion of  in t ramembrane  particles is wide- 
ly believed to characterise early functional  damage to the 
cardiac muscle cell p lasma membrane,  and such al terat ions 
have been reported in response to myocardia l  ischaemia 
and reperfusion (Ashraf  and Halverson 1977), anoxia  and 
reoxygenat ion (Frank  et al. 1980), and calcium deplet ion 
and repletion (Ashraf  1979; F ry  et al. 1979; F rank  et al. 
1982; see, however, Bullock et al. 1981). Since the proce- 
dure for isolating myocytes involves their exposure to calci- 
um-deficient solutions, the isolated cells might  be expected 
to show similar al terat ions in p lasma membrane  structure 
to those of  calcium-depleted cells in intact  tissue. Using 
a prepara t ion  o f  rabbi t  myocytes dissociated by perfusion 
with solutions containing E G T A  and hyaluronidasel  F r y  
et al. (1979) found that  this did indeed appear  to b e t h e  
case. Their cells, which were not  calcium-tolerant ,  revealed 
a marked  reduction in an aggregat ion of  P-face particles. 
Our  calcium-tolerant  cells, by contrast ,  showed only a sl!ght 
reduction in P-face particles, no al terat ion in the number  
of  E-face particles, and no evidence of  particle aggregat ion 
even after analysis by sensitive statistical tests. 
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