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Summary. To clarify the immune mechanism of cytotoxi- 
city in acute cardiac allograft rejection, we observed in- 
teractions between cardiocytes and mononuclear  cells 
using immunohistochemistry and light and electron mi- 
croscopy. All allografted W K A  rat hearts transplanted 
to F344 recipients stopped beating by the 7th day after 
the transplantation. The population of  helper/inducer 
T cells (Th) and IL2R + cells was large for the first 
3 days, whereas that of  cytotoxic/suppressor T cells (Tc- 
s) and macrophages increased from the 4th day. The 
Th/Tc-s ratios were more than 2.0 until the 3rd day, 
then decreased to less than 1.0. In circulating T lympho- 
cytes; the Th/Tc-s ratios were under 1.0 on the 1st, 6th 
and 7th days. Electron microscopically IL2R + cells, Tc-s 
and macrophages were often seen in close contact with 
the plasma membrane of  the cardiocytes. The majority 
of IL2R + cells are N K  cells, Tc-s and Th. Of these, 
the population of  Tc-s was small until the 3rd day. Thus, 
N K  cells play a pivotal role in the early stage of  the 
rejection, and Tc-s and macrophages then aggravate cell- 
mediated cardiocyte injury. 

Key words: Cell-mediated cardiocyte i n j u r y -  Acute car- 
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Introduction 

Mononuclear  cellular infiltration is the most prominent  
histological feature in acute cardiac allograft rejection 
(Lowry et al. 1985). There has been considerable investi- 
gation of  the composition and function of  the infiltrating 
mononuclear  cells (Christmas and MacPherson 1982; 
Ahmed-Ansari  et al. 1988; Forbes et al. 1988); however, 
the precise mechanisms of  the interactions between car- 
diocytes and infiltrating cells in cell-mediated cytotoxi- 
city in the rejection remain unclear. 
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With the use of  cyclosporine, the effectiveness of  re- 
jection therapy has improved dramatically (Maugh 
1980). However, immunosuppressive therapy makes the 
histological features of  rejection more complex (Rose 
and Yacoub 1987). Rose et al. (1984) reported that biop- 
sies from patients treated with cyclosporine contained 
large numbers of infiltrating leucocytes which were not 
involved in the rejection response. 

We have reported the ultrastructural changes in the 
myocardium in acute cardiac allograft rejection and ana- 
lysed cellular infiltration on the endocardial and epicar- 
dial sides of  right and left ventricles (Hayashi et al. 
1987). In the experiment reported here, we have focused 
on the cell-mediated cardiocyte injury, and observed the 
interactions between cardiocytes and infiltrating cells by 
light and electron microscopy. In addition, we analysed 
the subpopulations of  circulating T lymphocytes in order 
to discover whether circulating T lymphocyte analysis 
reflects the immune repsonse in situ, and we have evalu- 
ated its clinical significance in the assessment of  rejec- 
tion. This ultrastructural and immunohistochemical 
study provides morphological evidence which may cast 
light on the nature of  cell-mediated injury in acute cardi- 
ac rejection. 

Materials and methods 

Inbred rats of the strains WKA (RT1 k) and F344 (RT1 lvl) were 
used. Donor hearts of WKA males were grafted in recipient F344 
males (n = 30) by a method described elsewhere (Ono and Lindsey 
1969). Two types of isografted rats were used as controls: F344 
to F344 (n = 8) for circulating T lymphocyte analysis, and WKA 
to WKA (n=7) for morphological study. The ischaemic time of 
the donor heart during transplantation was from 20 to 30 min. 
Graft rejection was monitored daily with electrocardiogram (ECG) 
and abdominal palpation. All animals were sacrificed at intervals 
of 24 h, or immediately if loss of ECG activity and/or loss of 
palpable contraction were noted, over 7 days after the transplanta- 
tion. Two isografted control rats were observed for 60 days. 

Before sacrifice, blood samples were taken for circulating T 
lymphocyte analysis. Analysis was carried out by the standard tech- 
niques of flow cytometry (Ellis et al. 1981) with monoclonal anti- 
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bodies: W3/13 (pan T cells), W3/25 (helper/inducer T cells: Th) 
or OX8 (cytotoxic/suppressor T cells: Tc-s) (Sera-Lab., Crawley 
Down, UK). 

After blood sampling, donor hearts were perfused with perio- 
date-lysine-paraform (PLP) solution (McLean and Nakane 1974) 
so as to wash out blood and preserve the antigen. The grafted 
hearts were then excised and tissue samples were obtained for 
study. The middle part of the left ventricle, which was not affected 
by operative trauma and thrombus, was fixed in 3% glutaralde- 
hyde, post-fixed in 1% osmium tetroxide and embedded in epon. 
Ultrathin sections stained with uranyl acetate and lead citrate were 
examined under an electron microscope (Hitachi H-500 or H-800). 
Another part of the tissue specimen was fixed in 10% formalin 
and embedded in paraffin. The tissue sections were stained with 
haematoxylin and eosin (H & E) and Mallory-azan stains, and 
were examined by light microscopy. 

For immunohistochemical studies the middle part of the left 
ventricle was once more fixed in PLP solution at 4~ for 4 h. 
It was then washed in phosphate-buffered saline (PBS) containing 
10% sucrose and placed in a graded sucrose solution of PBS. It 
was washed again in PBS containing 20% sucrose and 10% glycer- 
ol, Then the tissue samples were placed in OCT compound (Tissue 
Tek II; Miles, Elkhart, Ind.), They were immediately snap-frozen 
in liquid nitrogen to obtain cryostat sections of 4-6 gm thickness. 

These sections were incubated with monoclonal antibody 
(mAb): W3/13 (pan T cells), CD4 (helper/inducer T cells: Th), 
CD8 (cytotoxic/suppressor T cells : Tc-s), OX-39 (interleukin 2 re- 
ceptor positive cells: IL2R+), or with OX41 (monocyte/macro- 
phage : Mo) (Chemieon International, E1 Segundo, Calif.) as a first 
stage reagent. After additional washing with PBS, the sections were 
incubated with goat anti-mouse IgG (AFFI-PURIF) (Chemicon 
International) as the second stage reagent. 

For immunolight microscopy, the sections were treated with 
diaminobenzine (DAB)-peroxidase solution, dehydrated and coun- 
terstained with Mayer's haematoxylin. In the sections, cells stained 
positive with mAb, W3/13, CD4, CDS, IL2R or Mo were identified 
under the light microscope by red-brown reaction products on the 
surface or within the cytoplasm. 

For immunoeleetron microscopy, the incubated sections were 
post-fixed in 2% glutaraldehyde, allowed to react with DAB perox- 
idase, and again fixed with osmium tetroxide. They were then dehy- 
drated in graded ethanols and embedded in luveac. Ultrathin sec- 
tions were examined without additional staining, with an electron 
microscope. In the sections stained with each mAb, positive lym- 
phocytes were identified by the DAB reaction product, which was 
usually present only focally along the membranes of the cell surface 
and cytoplasm. Occasionally, the reaction product was uniformly 
distributed along the entire cell membrane. 

As a positive control in the immunoperoxidase procedure, 
spleen tissue of the recipient, fixed in PLP, was employed and 
was treated in the same way as above. As a negative control, some 
sections of donor hearts were first incubated with mouse ascitic 
fluid, which was obtained from animals injected with non-secreting 
hybridoma cells, and then treated with the second-stage reagent 
as above. 

Quantitative measurement was made as follows : 
1. Infiltrating mononuclear cells were counted in sections of the 
tissue stained with H & E under a light microscope. Fields of view 
corresponding to 0.2 mm 2 (sufficient to observe the morphological 
changes in the middle part of the left ventricle in rat hearts) were 
randomly selected, and the numbers of mononuclear cells were 
counted using the x 1000 objective. 
2. Sections stained with each mAb were examined under the micro- 
scope, using the x 1000 objective. The percentage of infiltrating 
cells was measured by making a random examination of 500 mono- 
nuclear cells (MNCs). Total numbers of positive cells with each 
mAb were calculated as follows: 

Total number = percentage of cells binding with each mAb x 
total number of MNCs per 0.2 mm 2. 

All results obtained by the enumeration were expressed as 
mean __ standard deviation (SD). Statistical analysis was performed 

using the Kruskal-Wallis rank test and the Spearman rank test, 
and P values of less than 0.05 were considered significant. 

Results 

In all hear t  allografts, reduct ion o f  E C G  voltage and 
loss o f  palpable cont rac t ion  were noted by the 7th day 
after the t ransplanta t ion  (mean 5 .8+  1.0 days after the 
transplants).  In  contrast ,  cont rac t ion  was clearly palp- 
able in all isografted hearts even 60 days later. 

The popula t ion  o f  Th tended to increase on the 4th 
day, whereas tha t  o f  Tc-s tended to increase on the 1st 
and 7th day  and  decrease on the 4th day  (Table 1). The 
ratio o f  Th to Tc-s changed significantly after the trans- 
p lanta t ion (Z o2 = 16.30), and tended to decrease with the 
passage o f  time ( rs= - 0 . 1 7 9 ) .  It was under  1.0 on the 
6th and 7th day  after the t ransplantat ion.  

Macroscopical ly ,  hear t  allografts were often dilated, 
and had haemorrhagic- looking ,  swollen, mot t led  sites 
and pale areas o f  myocard ia l  necrosis. The left ventricles 
often conta ined abundan t  stasis thrombi .  

On  light mic roscopy  the isografted control  rats 
showed a lmost  normal  morpholog ica l  conf igura t ion  and 
the myocard ium,  and cellular infiltration was absent 
t h roughou t  the observat ion period. Sixty days after the 
transplant ,  however,  d isar rangement  and a t rophy  o f  the 
myocard ia l  cells and a modera te  degree o f  collagen fibre 
prol iferat ion were seen in the subepicardial  region. These 
morpholog ica l  changes are p robab ly  a fo rm of  a t rophy  
resulting f rom inactivity o f  the grafted hearts ;  in this 
experiment  operat ive ischaemia (Smith et al. 1987) is 
t hough t  to have been minimal.  

The earliest histological manifestat ions o f  acute re- 
ject ion were diffuse interstitital oedema a round  the intra- 
mura l  vessels and focal mononuc lea r  cellular infiltration 
o f  varying intensity in the interstitium. The area o f  infil- 
t rat ion extended rapidly over the myocard ium,  and the 
cellular infiltration was fol lowed by various degrees o f  
myocard ia l  degenerat ion and necrosis (Fig. 1). 

The M N C s  in 0.2 m m  2 were counted,  and the per- 
centage o f  cells binding with each m A b  was obta ined 
(Table 2). M N C s  changed significantly after the trans- 
p lanta t ion and cont inued to increase (ZOa=27.83, P <  
0.001; rs=0.918,  P < 0 . 0 0 1 ) .  The popula t ion  o f  Th and 
I L 2 R  + cells was large for  the first 3 days, whereas that  
o f  Tc-s and M o  increased f rom the 4th day after the 
t ransplantat ion.  The ratio o f  Th to Tc-s showed values 
f rom 2.21 to 2.31 for the first 3 days, which decreased 
to 0 .89+0 .10  on the 4th day and  remained under  1.0 
thereafter. All the calculated numbers  o f  W3/13 +, 
CD4 +, CD8 +, I L 2 R  + cells, and M o  in 0 . 2 r a m  2 in- 
creased constant ly  t h roughou t  the observat ion period,  
affected by the increase o f  MNCs .  

F r o m  the day after the t ransplantat ion,  m a n y  lym- 
phocytes  were observed in the intersti t ium on electron 
microscopy,  making  close contac t  with M o  or  with other  
lymphocytes.  Some o f  these lymphocytes  were identified 
as Th by immunoelec t ron  mic roscopy  (Fig. 2). Dur ing  
the first 3 or  4 days, Th and I L 2 R  + cells were p rominent  
in number ,  and then the number  o f  Tc-s and M o  in- 
creased. 



Table 1. Circulating T lymphocyte analysis 

Days 0 1 2 3 4 6 7 Zo 2 

W3/13 + (%) Mean 67.2 66.1 62.2 66.6 67.8 60.1 47.9 8.97 
SD 4.2 22.5 8.8 6.1 5.3 0.4 3.2 

W3/25 + (%) Mean 38.9 30.9 34.4 36.2 41.8 31.9 30.1 11.58 
SD 1.7 7.8 5.9 7.1 3.5 1.7 3.5 

OX8 + (%) Mean 33.9 41.0 33.0 33.5 28.2 36.4 43.2 11.97 
SD 1.2 18.2 0.2 3.0 2.9 4.5 4.1 

T4/T8 Mean 1.14 0.79 1.04 t.10 1.48 0.87 0.70 16.30" 
SD 0.07 0.16 0.18 0.29 0.08 0.06 0.14 

* P<0.05 
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Some of the lymphocytes in the interstitium were 
adjacent to myocardial cells and occasionally protruded 
a part of the cytoplasm, apparently making contact with 
the myocardial cells via pseudopodia (Fig. 3). IL2R + 
cells and some other lymphocytes were seen beneath the 
basement membrane of some cardiocytes, making close 
contact with the plasma membrane of the cardiocyte 
(Fig. 4). Beneath the plasma membrane of  the contact 
area disorganized mitochondria were often observed. 

IL2R § cells, Tc-s, and Mo were often seen in the 
widened intercellular spaces of dissociated intercalated 
discs (Fig. 5), where hemi-desmosomes were occasional- 
ly observed (Fig. 6). It appears that these cells had 
breached the basement membrane of the cardiocytes, 
and made their way into the space within the intercalated 
disc. Such cells were also seen in the widened intracyto- 
plasmic confines of some cardiocytes. It seems that they 
had invaded from the lateral side of the cardiocyte and 
approached near to the centre of the cardiocyte (Fig. 7). 

Most of the myocardial cells showed an almost nor- 
mal morphological appearance in the very early stage 
of the rejection, whereas a large number of cardiocytes 
underwent degenerative changes within 1 week after the 
transplantation. The damaged myocardium sites ap- 
peared to increase in area in parallel to the increase 
of cellular infiltration. IL2R § cells and Tc-s were often 
in close contact with morphologically normal cardio- 
cytes; however, Mo were often in contact with degener- 
ated cardiocytes. These cells were sometimes seen to 
have invaded necrotic myocardial cells in the vicinity 
of intercalated discs. The necrosis often involved one 
of two adjacent cells which were joined to each other 
by an intercalated disc (Fig. 8). 

Other changes in the cardiocytes were general loss 
of myofilaments, disruption of the intercalated discs, and 
amorphous, moderately electron-dense inclusions in the 
mitochondria (Fig. 9). These changes were seen at a late 
stage of the observation period. 

From 3 to 4 days after the transplantation, morpho- 
logical alterations in capillaries were often observed, 
consisting of endothelial cellular swelling, an increase 
of pinocytotic vesicles, and irregularity of the luminal 
surface (Fig. 10). On several occasions, some lympho- 
cytes were seen which appear to have penetrated the 
capillary wall. 

Discussion 

The most important mechanism involved in the rejection 
of an allograft is cell mediated (Cramer 1987). Initiation 
of the cell-mediated immune reactions requires antigen- 
presenting cells such as macrophages or dendritic cells. 
Initially, the antigen-presenting cells activate the small 
number of helper T lymphocytes. Activated helper T 
cells elaborate lymphokines, some of which activate 
macrophages and also recruit other lymphocytes and 
monocytes-macrophages to participate in the rejection 
(Herscowitz 1985). 

In this study, many lymphocytes were seen from the 
1st day after the transplantation. Of these, the popula- 
tion of  Th and IL2R § cells was large for the first 3 days, 
whereas that of Tc-s and Mo increased from the 4th 
day. Th were often in close contact with Mo or with 
other lymphocytes in the interstitium. This close contact 
may be the morphological representation of  cellular in- 
teraction in the initiation of cell-mediated cardiocyte in- 
jury. Thus, Th play an important role along with Mo 
in providing positive signals for a number of  cells that 
are involved in the expression of  cell-mediated immune 
reactions. 

Activated lymphocytes or Mo bind to target cells 
to inflict damage. Some lymphocytes in the interstitium 
were adjacent to cardiocytes and protruded a part of 
their cytoplasm. It might be that these lymphocytes were 
on the way to binding to the cardiocytes as target cells. 

It is generally accepted that there are four effector 
cells which inflict damage on target cells through direct 
contact with them: (1) cytotoxic T cells (Tc-s), (2) K 
cells (ADCC), (3) NK cells, and (4) macrophages (Bel- 
lanti and Rocklin 1985). We observed many IL2R § cells 
during the first 3 or 4 days, and many Tc-s and Mo 
after the 4th day. These effector cells had come into 
close contact with the plasma membrane of cardiocytes. 
It is apparently at these contact points that the cells 
exert their cytotoxicity on the myocardial cells. IL2R § 
cells consist chiefly of  N K  cells, Tc-s and Th. Of these, 
the population of Tc-s was small for the first 3 days. 
Therefore, most of these IL2R § cells seen in close con- 
tact with plasma membrane of  cardiocytes in the early 
stage of the rejection appear to be compatible with NK 
cells. Recently, much attention has been paid to the role 
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Fig. 1. a Light micrograph of the allografted heart on the 4th day after the transplantation. Very numerous mononuclear cells are 
present in the myocardium. H & E. b Light micrograph of the myocardium stained with CD8 monoclonal antibody on the 4th day. 
One of the CD8 § cells is seen near the centre of  a cardiocyte (arrow) 

Fig. 2. Immunoelectron micrograph of  CD4 + cell (Th) in the interstitium of  the allografted heart. The CD4 t cell is in close contact 
with another lymphocyte. Scale bar, 1 gm 



Table 2. Number of mononuclear cells (MNCs) in 0.2 mm2, percentage of cells binding monoclonal 
antibody per unit, and ratio ofT4 to T8 

Days 0 1 2 3 4 5 6 7 r~ 

MNCs Mean 6.0 12.0 43.2 58.6 101 .3  114.3 
SD 2.0 2.2 15.8 20.6 20.0 48.7 

W3/13 + (%) Mean 47.4 49.0 48.8 50.3 39.0 41.4 
SD 3.3 1.8 15.7 16.3 2.9 3.0 

CD4 + (%) Mean 31.9 33.8 33.6 38.5 25.0 18.5 
SD 1.7 3.3 4.9 4.8 5.0 5.6 

CD8 + (%) Mean 14.1 14.7 15.3 18.1 27.9 23.8 
SD 1.5 1.8 3.0 5.0 3.3 5.8 

IL2R + (%) Mean 32.4 35.9 30.0 32.1 30.8 28.9 
SD 0.8 2.1 5.1 5.8 1.2 5.9 

Mo + (%) Mean 10.1 13.3 13.7 19.1 28.1 28.8 
SD 0.3 2.9 1.2 4.7 1.5 7.8 

T4/T8 Mean 2.27 2.31 2.23 2.21 0.89 0.79 
SD 0.14 0.25 0.26 0.42 0.10 0.20 

I43.3 152 .0  0.918"* 
25.5 23.3 

42.9 41.0 -- 0.435" 
5.4 1.5 

22.5 19.0 --0.720** 
2.5 3.1 

33.6 27.8 0.796** 
2.3 1.4 

34.2 29.6 -0.279 
2.8 1.4 

33.5 36.0 0.911 ** 
6.3 3.9 

0.67 0.68 --0.836** 
0.06 0.10 

* P < 0 . 0 5 ,  ** P < 0 . 0 0 1  
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Fig.  3.  Electron micrograph of a lymphocyte which has protruded a part of cytoplasm making contact via pseudopodia with a cardiocyte. 
Scale bar, 1 pm 

of  N K  cells in the reject ion response (Marboe  et al. 
1983). Our  da ta  suggest tha t  N K  cells play an  i m p o r t a n t  
role in the early stage of  the rejection, and  tha t  Tc-s 
and  M o  then aggravate  cel l-mediated injury.  

I L 2 R  + cells, Tc-s, and  M o  were often seen in wi- 

dened intercel lular  spaces of  dissociated in tercala ted 
discs, where hemi-desmosomes  were occasional ly  ob- 
served. It appears  that  these cells had  breached the base- 
m e n t  m e m b r a n e  of  the cardiocyte and  made  their way 
into the space wi th in  the intercalated disc. Such cells 
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Fig. 4. Immunoelectron micrograph of  IL2R + cell in a space between basement membrane (BM) and plasma membrane (PM) of a 
cardiocyte. Scale bar, 1 gm 

Fig. 5. Electron micrograph of the myocardium in an allograft. A large granular lymphocyte is in a large space between basement 
membrane and plasma membrane of a cardiocyte, making close contact with the cardiocyte at several places. Scale bar, I gm 
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Fig. 6. Electron micrograph of the myocardium in an allograft. Along dissociated intercalated disc there are occasionally hemi-desmosomes 
of intercalated disc (arrows). Scale bar, 1 gm 

Fig. 7. Electron micrograph of the myocardium in an allograft. Two lymphocytes have penetrated near the centre of the cardiocyte. 
Scale bar, 1 gm 
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Fig. 8. Electron micrograph of the myocardium in an allograft. One of two cardiocytes joined by an intercalated disc is necrotic and 
phagocytosed by monocyte/macrophage, whereas the other cell looks viable. Scale bar, 1 gm 

Fig. 9. Electron micrograph of the myocardium in an aUograft. Cardiocyte in which myofibrils are scarce and some mitochondria contain 
moderately electron-dense inclusions. Scale bar, 1 gm 
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Fig. 10. Electron micrograph of a capillary in an allograft. The lumen is narrowed, and endothelial cellular swelling and an increase 
of pinocytotic vesicles can be observed. Scale bar, 1 ~tm 

were also seen in the widened intracytoplasmic confines 
of some cardiocytes. It seems that they had invaded from 
the lateral side of the cardiocyte and approached near 
to the centre. These two peculiar types of conjugate em- 
peripolesis formation may be involved in cell-mediated 
cardiocyte injury. Burns et al. (1982) reported that NK 
cells emperipolesed in human malignant melanoma cells, 
representing one type of effector-target cell contact lead- 
ing to cytotoxicity. We have also previously reported 
that lymphocytes and Mo emperipolesed into cardio- 
cytes in murine coxsackie B3 virus myocarditis (Deguchi 
et al. 1989). Billingham (1987) pointed out that acute 
cardiac rejection and primary acute myocarditis may 
present with similar morphological findings. Our ultra- 
structural findings are consistent with her hypothesis. 

The damaged myocardial sites appeared to increase 
in area in parallel with the increase on the cellular infil- 
trate. IL2R + cells and Tc-s were often in close contact 
with viable cardiocytes, whereas Mo were often in con- 
tact with cardiocytes which had undergone a variety of 
degenerative changes, including necrosis. Most of the 
Me observed in association with degenerated cardio- 
cytes in the late stage of the rejection were phagocytic 
cells. The necrosis often involved one of two adjacent 
cells which were joined to each other by an intercalated 
disc. Occasionally, one of two cardiocytes was necrotic 
and phagocytosed by Mo, whereas the other looked via- 
ble. Tc-s are MHC class 1 restricted cells and bind to 
target cells bearing the appropriate MHC antigen. After 

binding, membrane permeability of the target cell 
changes, and then the cell is disrupted. This MHC recog- 
nition by Tc-s may cause the morphological difference 
in cardiocyte injury. 

Even after lysis of the cardiocytes, the major portion 
of the basement membrane was left behind as a remnant 
structure. These findings suggest that the basement 
membrane does not possess much antigenicity in cell- 
mediated immune cardiocyte injury, and that intimate 
contact between the plasma membranes of the viable 
effector cell and the target cell is a prerequisite for effec- 
tive cytolysis. These changes are also similar to those 
in viral myocarditis (Deguchi et al. 1989). 

There has been much investigation into the subpopu- 
lation of circulating T lymphocytes (Liebert et al. 1983; 
Shapiro et al. 1984). Kawaguchi et al. (1986) reported 
that a reversed Th to Tc-s ratio (less than 1) was associat- 
ed with a reduced incidence of rejection onset in patients 
treated with cyclosporine. The ratio often fails to corre- 
late with the histological findings in biopsy specimens. 
In our sequential analysis, the ratio of Th to Tc-s tended 
to decrease after the transplantation. It was under 1.0 
on the 6th and 7th day, when many cardiocytes had 
degenerated in the allografted hearts. In the analysis of 
T cell subsets in situ, however, the Th/Tc-s ratio de- 
creased significantly with time (rs=-0.836,  P<0.01) 
and was under 1.0 from the 4th day. Therefore, in situ 
analysis reflects the morphological changes in the rejec- 
tion more precisely than the analysis of peripheral blood. 
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In summary ,  it  is c lear  t ha t  N K  cells p l ay  a p ivo ta l  
role in the ear ly  s tage o f  the  re ject ion,  and  tha t  cy to tox ic /  
suppresso r  T cells and  m a c r o p h a g e s  then agg rava t e  cell- 
m e d i a t e d  injury.  Two types  o f  ca rd iocy te  in jury  in em- 
per ipoles is  were  ident i f ied ;  one  was seen in the widened  
in terce l lu lar  spaces o f  d i s soc ia ted  in te rca la ted  discs, and  
the o ther  in the  i n t r a c y t o p l a s m i c  conf ines  o f  card iocytes .  
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