
&p.1:Abstract DBA/2 inbred mice spontaneously develop
myocarditis and a unique form of subepicardial inflam-
mation of the right ventricle characterized by a prominent
eosinophilic infiltrate with calcinosis. We studied this
myocarditis using light microscopy and both transmission
and analytical X-ray electron microscopy, paying particu-
lar attention to eosinophil-associated cardiocyte injury. At
5 weeks of age, many eosinophils and mononuclear cells
(MNCs) were seen in the subepicardium of the right ven-
tricle. Electron microscopy showed that cardiocytes un-
derwent degenerative changes, including myofibrillar ly-
sis, accumulation of Z-band material and mitochondrial
inclusions, and rupture of plasma membranes. The infil-
trating eosinophils appeared to be activated, and cells
with cytoplasmic vacuoles, suggestive of degranulation,
were noted. The myocardial injury was most severe in the
7th week and healed with myocardial fibrosis and calci-
nosis by the 8th week. Analytical X-ray electron micros-
copy showed that the calcinosis was initiated in mito-
chondrial inclusions of injured cardiocytes. The peripher-
al eosinophil count did not increase during the course of
the disease, but there was a positive correlation between
the ratio of eosinophils to infiltrated white blood cells
(Eo/WBCs) in the right ventricle and the severity of myo-
cardial damage. Eosinophils may play a significant part
in subepicardial cardiocyte injury seen in DBA/2 mice.
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Introduction

Myocarditis can be caused by a variety of a etiological
agents [4, 5, 13, 14]. Although experimental models us-
ing specific strains of inbred mice that develop myocar-

ditis spontaneously exist [7], the incidence and distribu-
tion of the disease vary among the strains [6, 7, 24]. In
DBA/2 mice, myocarditic disease is usually localized to
the epicardium and subepicardium of the right ventricle
[1–3, 6, 7, 19, 21, 24, 26, 27].

In a preliminary long-term study using this mouse
strain, we found that the epicardial and subepicardial in-
flammation was characterized by calcinosis and promi-
nent eosinophilic infiltrates [17]. Although cardiac calci-
nosis has been reported to occur in 90–100% of DBA/2
mice [26], the pathogenesis of this phenomenon remains
unknown [27].

Cationic proteins and major basic protein derived
from eosinophils are considered to have an injurious ef-
fect on cardiocytes in human eosinophilic heart disease
[9, 11, 22, 25], but it is unclear whether the eosinophilic
infiltrate is important in the pathogenesis of subepicardi-
al inflammation in DBA/2 mice, especially during the
acute stage.

In order to clarify this question, we studied the early
stages of myocarditis in young DBA/2 mice by light and
electron microscopy, paying particular attention to the
relationship between infiltrating eosinophils and cardio-
cyte injury.

Materials and methods
Sixty male 21-day-old DBA/2 mice were obtained from SLCR

(Shizuoka Agricultural Cooperative Association, Shizuoka, Ja-
pan). They were fed a standard maintenance diet (3.94 kcal/g,
5.5% fat) and water in a specific pathogen free (SPF) state. They
were anaesthetized with an injection of 45 mg/kg pentobarbital so-
dium i.p. and were killed at 4, 5, 6, 7, 8, and 10 weeks of age. The
heart was divided into two blocks, the basal to middle portion of
both ventricles for light microscopic study and the right ventricu-
lar free wall for electron microscopic study. Blood was collected
from each mouse at 5, 6, 7, 8, and 10 weeks by heart puncture and
placed in glass tubes containing EDTA for haematological studies.

For light microscopy, heart blocks were fixed in 10% formalin
solution and embedded in paraffin. Sections were transversely cut
at the midportion of the ventricles and stained with haematoxylin-
eosin and Mallory Azan. The percentage of the right ventricle af-
fected by inflammation was determined by a “point-counting”
method already described elsewhere [8].
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For transmission electron microscopy, specimens obtained
from the right ventricle were fixed in 3% glutaraldehyde at 4°C for
2 h. After washing in phosphate buffer, the tissue was postfixed in
1% osmium tetroxide, dehydrated in graded alcohols, and embed-
ded in Epon in the lids of Beem capsules. Semi-thin sections were
made from the Epon blocks, and ultra-thin sections were then cut
consecutively with a diamond knife. The ultra-thin sections were
stained with uranyl acetate and lead citrate, and then viewed and
photographed with a Hitachi H-800 electron microscope.

Thick sections (1.5–2.0µm) were prepared in a similar way
from Epon blocks, placed on copper grids, and stained with lead
citrate for X-ray analytical electron microscopy. The analytical
system consisted of a Hitachi H-500 electron microscope equipped
with a Kevex 5100 X-ray energy spectrometer system (Kevex,
Burlingame, Calif.). The microscope was operated at 75 kV with a
beam diameter of approximately 500 Å. X-Rays generated in the
specimens by the electron beam were collected with a Kevex
30 mm2 lithium-drifted silicon detector positioned within 30 mm
of the specimen holder tilted at 62° toward the X-ray detector.

The peripheral blood collected in the EDTA tubes was smeared
and dried on microscope slides and then stained by the Wright-Gi-
emsa method. The percentage of eosinophils was estimated among
the 100 counts of the whole white blood cells using these slides.
Blood was diluted with Turk’s solution to determine the total num-
ber of white blood cells. The total number of eosinophils per cubic
millimetre was calculated as the total number of white blood cells
× the percentage of eosinophils.

The analytical methods and methods of statistical analyses
used were as follows. Between 5 and 10 weeks of age, the eosino-
phil count (Eo) of each mouse was estimated; the grouped data are
expressed as mean±SEM for each stage. For semiquantitative
analysis of right ventricular disease, magnified images of the
transverse sections of the ventricles were assessed by a “point-
counting” method using a simple square lattice. The percentage of
the total right ventricle cross-sectional area (Qrv) affected by
myocarditis (Qi) was expressed as Qi/Qrv for each animal. Data
are reported as mean±SEM for each age group.

Four grades of right ventricular histologic disease were defined:
Grade (0), no apparent change; (+1), minimal change; (+2),

moderate change; and (+3), marked change, obtained by group
(five investigators) consensus (Fig. 1b). In our semiquantitative
analysis of myocardial degenerative changes, myofibrillar lysis
and vacuolization were graded (1+) to (4+) based on the severity
and the extent of changes as follows: grade (0) no apparent
change; (1+) minimal change; (2+) moderate change; (3+)
marked change; and (4+) excessively marked change, as defined
by Noda [23].

The numbers of infiltrating eosinophils and total white blood
cells were determined by light microscopy in tissue sections
stained with haematoxylin-eosin and Mallory Azan. Each magni-
fied section was analysed by a computer system (Nikon Micropho-
to FXA-LUZEX-3, Nikon Corporation) and an electronic image
was obtained. The 0.1-mm2 areas were selected from the comput-
er-generated images. The numbers of local eosinophils and white
blood cells (WBCs) and the ratio of Eo to WBCs were obtained
for these areas (Fig. 1c). These data are reported as mean ±SEM
for each age group, and the Eo/WBC ratios were checked individ-
ually to study the correlations with the histological gradings.

The time courses of local eosinophil counts and the peripheral
eosinophil counts and the WBC counts, Eo/WBCs ratios, and
Qi/Qrv ratios were assessed by one-way analysis of variance and
Scheffe’s multiple comparison test. Spearman’s rank test was used
to determine correlations between the ratio of eosinophils to
WBCs in the right ventricle and the grades of the various histolog-
ical findings described above. P-values lower than 0.05 were con-
sidered statistically significant.

Results

Macroscopically, speckled whitish patches first devel-
oped on the surface of the right ventricle in the 5th week,
becoming diffuse by the 6th week. These patches were
also observed in the lower part of the right atrium. There
were no abnormal findings on the surface of the left ven-
tricle. Neither the right nor the left ventricle became di-
lated during the experiment.

Light microscopically, multiple small necrotic infil-
trates of eosinophils and mononuclear cells initially de-
veloped in the subepicardium of the right ventricle in the
4th week. By the 5th week, several necrotic foci contain-
ing many damaged cardiocytes that contained numerous
discrete granules were seen in the epicardium of the right
ventricle (Fig. 1a). Numerous eosinophils, lymphocytes,
and scattered macrophages were infiltrated within and
around the necrotic foci. Eosinophils were occasionally
seen adjacent to degenerating cardiocytes. Necrotic foci
became more extensive at the 7th week, and were present
beneath the epicardium of the right ventricle. By 8 and
10 weeks, the necrotic areas became more fibrotic and
heavily calcified, with mildly inflammatory cell infil-
trates.

In the peripheral blood, most eosinophils had cyto-
plasm containing eosinophilic granules, which stained
pink-red. Several eosinophils contained many of these
cytoplasmic vacuoles.

Approximately 90% of the mice examined during the
period of 5–10 weeks after birth (n=51) experienced
myocardial disease. Furthermore, 74% of these mice had
an associated eosinophilic infiltrate (Table 1). At 7, 8 and
10 weeks of age, 97% of the mice had varying degrees of
degenerative and/or inflammatory change of the right
ventricular myocardium.

Ultrastructurally, there was mild interstitial oedema of
the right ventricular myocardium in 4-week-old mice,
and also infiltrates of few mast cells and fibroblasts. By
5 and 6 weeks, macrophages, lymphocytes, and eosino-
phils were observed migrating from the lumen of capil-
laries into and around damaged myocardial foci (Fig. 2).
Polymorphonuclear leucocytes had also infiltrated these
foci. Macrophages and eosinophils were seen adjacent to
apparently intact, degenerating, and necrotic cardiocytes.
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Table 1 Frequency of clinicopathologic changes in DBA/2 mice
from 5 to 10 weeks after birth&/tbl.c:&tbl.b:

Clinicopathologic profile Frequency in entire group

Myocarditic change and/or myo- 90% (46/51)
cardial degeneration (diseased mice)
Eosinophil infiltrationa 69% (35/51)
Mononuclear cell (MNC) 100% (51/51)
infiltrationb

Mineralization 67% (34/51)

a Equivalent to 74% of diseased mice of 5 to 10 weeks of age
b There are some cases without myocardial cell damage despite
the presence of a MNC infiltrate&/tbl.b:



a

b c

463

Fig. 1 a Transverse section of DBA/2 mouse ventricles at the 5th
week. An inflamed area can be found in the subepicardial area of
the right ventricular free wall. H&E light micrograph of the in-
flamed subepicardial area showing myocardial necrosis with cellu-
lar infiltration at the 5th week. Numerous mononuclear cells and
eosinophils have infiltrated the necrotic area. H&E stain, ×100. b
Classification of right ventricular histological damage: grade 0 no
apparent change, grade +1 subepicardial inflammation with mild
myocardial involvement, grade +2 subepicardial inflammation
with moderate myocardial degeneration, grade +3 severe subepi-
cardial inflammation and calcinosis with broad and severe myo-

cardial degeneration. c Computerized video image of damaged
right ventricle. Each frame can be arbitrarily adjusted with the
MS-DOS system and is designated as Ai. The 0.1 mm2 area is

obtained as  Ai (A1+A2+A3+.............+An: 9<=n<=11). The area

shown is equal to 0.01 mm2. The eosinophil and infiltrated white
blood cell counts (WBCs) in the Ai frame are then estimated from
the photograph shown. Quantification of eosinophils and WBCs
was performed by summing the cell numbers calculated per area
(A1+A2+...........+An), which corresponds to 0.1 mm2&/fig.c:
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Fig. 2 Electron micrograph of a capillary found in an inflamma-
tory focus. Lymphocytes and eosinophils can be seen between en-
dothelial cells and the basal lamina of the capillary. These cells
appear to migrate into the inflammatory focus in the myocardium
(5th week). Bar 5 µm, ×3,750&/fig.c:

Fig. 3 Electron micrograph of a necrotic cardiocyte undergoing
myofibrillar lysis. Accumulation of moderately electron-dense mi-
tochondrial inclusions and rupture of the plasma membrane are

evident. An eosinophil and a lymphocyte have entered the necrotic
cardiocyte (6th week). Bar 1 µm, ×6,000&/fig.c:

Fig. 4 a Electron micrograph of a myocardial necrotic focus (6th
week). An eosinophil contains specific granules. b Some of these
granules have lost their crystalloid internae and display reversed
density. The vacuole seen in the cytoplasm of the eosinophil sug-
gests that degranulation has occurred. Bar 1 µm, ×16,600&/fig.c:
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Fig. 5 a Electron micrograph of highly electron-dense spicular
mitochondrial inclusions in a necrotic cardiocyte during the 6th
week. Bar 1 µm, ×10,000. b Micrograph of summated X-ray spec-
trum from electron-dense mitochondrial inclusions shown by the
arrow in a. The significant peak corresponds to calcium (Ca: Kα
line 3.69 KeV). Prominent peaks for copper (Cu) corresponding to
the microscope grid, chloride (Cl) to the embedding medium, and
osmium (Os) to the fixing medium are also present&/fig.c:

Fig. 6 Electron micrograph of a fibrotic focus present in the myo-
cardium. Numerous collagen fibrils have accumulated in the vicin-
ity of fibroblasts. Eosinophils and lymphocytes can also be seen in
the fibrotic area (8th week). Bar 1 µm, ×7,200&/fig.c:

Fig. 7 Electron micrograph of degenerated cardiocytes in the
myocardial fibrotic focus. The cardiocyte has undergone marked
degeneration characterized by myofibrillar lysis, accumulation of
mitochondrial inclusions and Z-band-like material, and formation
of vacuoles (10th week). Bar 1 µm, ×22,100&/fig.c:
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Table 2 Local eosinophil and white blood cell counts (WBCs), Eo/WBCs ratios, and the ratio of inflammatory myocardium to the total
right ventricular myocardium (Qi/Qrv) in each subgroup. Also shown is the peripheral blood eosinophil count. Mean±SEM&/tbl.c:&tbl.b:

Age (after birth: weeks) 5 (n=11) 6 (n=10) 7 (n=10) 8 (n=10) 10 (n=10)

Eosinophil count 50.6±24.6 6.2±2.7 23.7±7.3 17.1±6.7 11.9±6.1
WBC count 196.2±75.9 84.7±32.8 197.5±47.6 173.7±52.7 132.2±37.6
Eo/WBCs ratio (%) 11.5±4.2 5.1±1.6 10.3±2.4 7.2±2.3 5.0±1.8
(Per 0.1 mm2 unit in the right
ventricular myocardium)
Qi/Qrv ratio (%) 7.4±4.0 6.0±2.5 10.5±3.5 4.4±1.6 7.8±2.1

Age (after birth: weeks) 5 (n=6) 6 (n=5) 7 (n=5) 8 (n=5) 10 (n=5)

Eosinophil count 77.7±12.2 106.4±10.8 142.8±10.3 180.0±20.7 82.0±12.7
(peripheral blood/mm3)

** **

** P<0.01
&/tbl.b:

Fig. 8 Spearman’s rank test was used. Lack of correlation be-
tween peripheral blood eosinophil counts and ratio of inflammato-
ry myocardium to total right ventricular myocardium (Qi/Qrv)&/fig.c:

Fig. 9 Positive correlation between ratio of eosinophils to white
blood cells (Eo/WBCs) (per 0.1 mm2) in the right ventricle and
right ventricular histological damage&/fig.c:

Fig. 10 Positive correlation between eosinophil/WBCs ratio (per
0.1 mm2) in the right ventricle and semiquantitative analysis of
myolysis&/fig.c:

Fig. 11 Positive correlation between eosinophil/WBCs ratio (per
0.1 mm2) in the right ventricle and semiquantitative analysis of
vacuolization&/fig.c:

Eosinophils often invaded the necrotic cardiocytes
(Fig. 3). These eosinophils that were adjacent to degen-
erating or necrotic cardiocytes often contained a reduced
number of granules, which had lost their normal crystal-
loid pattern and stained homogeneously (Fig. 4). Cardio-
cytes found in the inflammatory foci often showed ne-
crosis characterized by myofibrillar lysis and disruption
of the plasma membrane at multiple sites. Mitochondria
were markedly swollen and frequently contained moder-
ately electron-dense amorphous and/or highly electron-
dense spicular inclusions (Fig. 5a). Analytical electron
microscopy revealed a prominent peak that corresponded
to calcium in the highly electron-dense spicular mito-



chondrial inclusions (Fig. 5b). No calcium peak was
identified in the moderately electron-dense amorphous
inclusions. After the necrotic cardiocytes had completely
broken down, large numbers of calcified mitochondria
coalesced to form a large calcified aggregate in the inter-
stitial space. At 8 and 10 weeks, fibroblasts and abundant
collagen fibrils were observed in the interstitial space
(Fig. 6). Although inflammatory cell infiltrates were less
prominent than at 6 and 7 weeks of age, there were still
significant numbers of lymphocytes, macrophages, and
eosinophils in the interstitial space. Degenerating cardio-
cytes displayed normal degenerative changes, including
myofibrillar lysis, accumulation of myelin figures and
formation of vacuoles. Several cardiocytes had under-
gone necrosis (Fig. 7).

The eosinophil and white blood cell counts (WBCs)
in the right ventricle were followed during the period
from 5 to 10 weeks after birth (n=51). The eosinophil
count was conspicuously high at 5 weeks, but decreased
at 7 weeks of age. The WBC count did not change be-
tween 5 and 10 weeks of age (Table 2).

For the percentages of the myocardium involved by
inflammatory areas (n=51) the 7-week-old mice showed
the greatest involvement although there were no signifi-
cant differences among the subgroups (Table 2). There
was no significant correlation between peripheral blood
eosinophil counts and the ratio of the inflamed to the to-
tal area (Fig. 8).

Peripheral blood eosinophil counts (n=26) revealed
that the number of eosinophils was increased in the 8th
week compared with other stages (P < 0.01) (Table 2).

The correlation between the local eosinophil to WBCs
ratio (Eo/WBCs) and the severity of right ventricular his-
tological findings (grades 0,+1,+2,+3) (Fig. 9) was ex-
pressed as:

y=0.078x+0.486 rs=0.6528 P < 0.0001 n=51

There were also significant relationships between the lo-
cal eosinophil Eo/WBCs ratio and semiquantification
(grades 0,+1,+2,+3,+4) of the myocardial changes (Figs.
10, 11) for the following histological features:

Myofibrillar lysis:

y=0.033x+1.152 rs=0.5333 P < 0.0001 n=51

Vacuolization:

y=0.053x+0.545 rs=0.6392 p < 0.0001 n=51

Discussion

Viral [4, 5, 17, 18, 20] and/or autoimmune myocarditis
[13] typically produce acute myocarditis. In contrast, eo-
sinophilic myocarditis is a chronic disease associated
with prolonged eosinophilia, and in particular, with a hy-
pereosinophilic syndrome [22]. However, there are few
animal models of idiopathic eosinophilic myocarditis.

DBA/2 strains of inbred mice spontaneously develop
epicardial and subepicardial inflammation of the right
ventricle. Previous reports have described epicardial and

subepicardial damage with myocardial necrosis and inter-
stitial cellular infiltrates in these mice at 4–5 weeks of
age [19, 24], as well as residual calcification. In 1984, we
first suggested that the epicardial and subepicardial in-
flammation seen in this mouse strain is characterized by
calcinosis and prominent eosinophilic infiltrates on long-
term follow-up [16]. The changes are most severe by the
6th and 7th weeks, resolving spontaneously with myocar-
dial fibrosis and calcinosis after the 10th week [16].

We investigated cardiocyte injury during the early
stages of this disease within the first 10 weeks of life in
the present study. We occasionally found eosinophils in
close contact with injured cardiocytes, and eosinophils
often invaded necrotic cardiocytes through their ruptured
plasma membranes. The infiltrating eosinophils usually
contained granules with reversed density, which is char-
acteristic of activated eosinophils [22, 25]. These eosino-
phils also contained many cytoplasmic vacuoles, which
indicates that degranulation had occurred. These phe-
nomena are thought to be similar to the cellular damage
seen in the hypereosinophilic syndrome, where cardio-
cyte injury has been attributed to cationic proteins
(ECPs) and major basic proteins (MBPs) derived from
granules of activated eosinophils [9, 11, 12]. In the
DBA/2 mouse strain, cardiocyte plasma membranes may
also be damaged by ECPs and MBPs, resulting in an in-
flux of calcium and necrosis.

From a statistical viewpoint, eosinophil counts in the
right ventricular tissue and the Eo/WBCs ratios were
highest at 5 weeks and the histological findings were
most severe immediately after this period. Only later did
peripheral blood eosinophil counts reach a peak (Table 2).

The clinical diagnosis of this disease is often suspect-
ed when there is increasing eosinophilia. In our mouse
model, the inflammation of the myocardial tissue was
widespread before eosinophilia was perceived. Nakaya-
ma et al. [22] first suggested, in their clinical study of
endomyocardial biopsies, that local deposition of eosino-
phil-derived proteins was more important in the cardiac
myocyte damage than the accumulation of serum pro-
teins. In fact, in the DBA/2 mouse strain, few vacuolated
eosinophils were seen in peripheral blood, and peripheral
blood eosinophil counts did not correlate with the severi-
ty of disease (Fig. 8). Semiquantitative analysis did re-
veal that the degree of histological myocardial injury
correlated positively with the ratio of local eosinophils to
white blood cells (Figs. 9–11). These findings also sup-
port the impression that local infiltrating eosinophils
play a significant role in the cardiocyte injury found in
this subepicardial inflammation and myocarditis.

Calcinosis in the injured myocardium is another charac-
teristic feature of this experimental model. The phenome-
non has been studied by many investigators at light micro-
scopic level; Van-Vleet and Ferrans [26] were the first to
describe mineral deposits in necrotic cardiocytes of DBA/2
mice observed by electron microscopy. They reported that
minerals seen in necrotic myocytes formed dense granular
and spicular deposits in mitochondria only, mitochondria
and the adjacent sarcoplasm, or the entire sarcoplasm.
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Our electron microscopic study showed that the calcifi-
cation appeared to originate in electron-dense inclusions in
the mitochondria of necrotic cardiocytes. X-ray analytical
electron microscopy demonstrated that the inclusions con-
tained calcium. After the necrotic cardiocytes became or-
ganized, multiple calcified lesions coalesced in the intersti-
tial space to form aggregates that persisted as large, dense
calcium deposits. These findings are consistent with those
described by Van-Vleet and Ferrans [26]. Furthermore, the
pathogenesis of the dystrophic calcification characteristic
of this model is similar to that of the murine coxsackie B3
myocarditis [4] and EMC viral myocarditis [15, 20]. Degu-
chi reviewed his findings on X-ray analysis in viral myo-
carditis and concluded that electron-dense granular or spic-
ular inclusions often appear to increase until the entire mi-
tochondria is occupied by calcium apatite. These calcified
granules then would form a larger mass [4].

Our ultrastructural study revealed that mitochondrial
calcium accumulation in the postnecrotic areas was
much more prominent than that seen in murine coxsackie
B3 viral myocarditis.

In conclusion, direct contact between activated eo-
sinophils and cardiocytes was frequently seen in the right
ventricular myocardium, suggesting the importance of an
immediate response of eosinophilic cationic proteins
and/or major basic proteins. The pathogenesis of subepi-
cardial inflammation remains unknown, but the frequen-
cy and severity of this disease varies with age [24], gen-
der [24, 27], strain [10], diet [1, 10], genetic susceptibili-
ty [2], and hormonal effects [3, 7]. The clinicopathologi-
cal features of the disease are not identical to those of
human hypereosinophilic syndrome.

Overall, the DBA/2 mouse model of myocarditis is
very useful for studying the mechanisms of cardiocyte
injury mediated by infiltrating eosinophils, especially
during the early stages of disease.
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