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ABSTRACT: We measured the abundance of
sarcoplasmic masses within skeletal muscle
myocytes of an adult female stranded pigmy
sperm whale (Kogia breviceps). The presence
of these masses in other species has been
reported in association with myopathies, in-
cluding myotonic dystrophy, the most frequent-
ly related pathology. Other histopathologic
muscle changes included a high number of
internal nuclei, variations in fiber size and
shape, and the predominance of type I fibers.
Key words: Cetacean, internal nuclei,
sarcoplasmic masses, type I fibers.

Sarcoplasmic masses (SMs) may be
morphologically identified as single or
multiple homogeneous areas devoid of
myofibrils and located under the sarco-
lemma and central area of myofibers. The
masses show irregular staining with peri-
odic acid-Schiff (PAS) and do not stain
with phosphotungstic acid hematoxylin
(PTAH). At the ultrastructural level, they
contain irregularly oriented myofibrillar
components with bundles of myofibrils
trapped in disorganized areas (Braga et al.,
1995; Banker and Engel, 2004).

Sarcoplasmic masses have been ob-
served in normal equine skeletal muscle
(Aleman et al., 2005), whereas in humans,
they have been observed always in associ-
ation with various myopathies, such as
limb girdle muscular dystrophy, hypothy-
roid myopathy, and, most frequently,
myotonic dystrophy (Banker and Engel,
2004). In animals, SMs have been de-
scribed in foals (Hegreberg and Reed,
1990) and Japanese quail (Braga et al.,
1995) with myotonic dystrophy and in
horses with palatal myositis (Blythe et al.,
1983).

We report the presence of abundant
SMs in a 2.85-m adult female pigmy
sperm whale (Kogia breviceps). The ani-

mal was found stranded and dead on the
coast of Fuerteventura, Canary Islands,
Spain, in August 2006 and was examined
at postmortem examination following stan-
dard procedures. The carcass condition
was established as fresh to moderate
decomposition (code 2-3; Geraci and
Lounsbury, 2005). Tissue samples from
many organs were collected and fixed in
10% buffered formalin, embedded in
paraffin, sectioned, and stained with
H&E for evaluation by light microscopy.
Samples of transverse and longitudinally
oriented skeletal muscles were taken from
the middle portion of the longissimus
dorsi, as has been proposed (Tulsi,
1975). Additional histochemical stains
applied to sections of skeletal muscle
included PAS and PTAH (Prophet et al.,
1992).

The slow and fast myosin heavy-chain
isoforms, recognizing type I and type II
muscle fibers, respectively, were analyzed
by immunohistochemistry (Sigma Co., St.
Louis, Missouri, USA). Ten images per
section (200X magnification) were taken,
using a digital Altra20 camera (2 Mega-
Pixel complementary metal oxide—semi-
conductor color camera for light micros-
copy, Olympus Soft Imaging Solutions
GmbH, Miinster, Germany). Muscle mor-
phology (cross-sectional area [CSA], lesser
diameter and number of fiber types) and
the mean and standard error were calcu-
lated using the digital software CellA
(Olympus Soft Imaging Solutions). The
same protocol and stains were performed
on skeletal muscle interpreted as normal
from a 2.98-m adult male pigmy sperm
whale (code 1; Geraci and Lounsbury,
2005). Age of case and control animals
were based on biologic and morphometric
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parameters reported for K. breviceps
(Bloodworth and Odell, 2008).

Additionally, skeletal muscle samples
were immunostained to detect dystrophin
(mouse anti-human monoclonal; Sigma)
and a-actin (HHF35; mouse anti-human
monoclonal; Enzo Biochemical, New
York, New York, USA). Mutations in the
gene codifying these proteins are associ-
ated with a wide range of muscular
diseases.

For ultrastructural studies, skeletal
muscle samples were fixed in 2.5%
glutaraldehyde in 0.1M sodium cacodilate
buffer (pH 7.2). The specimens were
postfixed in 1% osmium tetroxide in
0.2% veronal buffer, gradually dehydrated
in an alcohol series, and embedded in
EMbed 812 epoxy resin (Electron Micro-
scopic Science, Hatfield, Pennsylvania,
USA). Thin sections were stained with
uranyl acetate and lead citrate. The
sections were examined with a ZEISS
EM-912 transmission electron microscope
(Carl Zeiss, Oberkochen, Germany).

Grossly, the animal showed intense
multiorganic parasitic infections, morpho-
logically identified as larval cestodes
(Phyllobothrium sp.) within the subcutane-
ous tissues, nematodes (Crassicauda sp.) in
muscle connective tissues, Anisakis sp. in
stomachs, and unidentified trematodes in
liver and pancreas (Dailey, 2001; Aytemizla
etal., 2012). Severe emaciation was evident
from protuberance of axial bones. Skeletal
muscle histopathology revealed abundant
SMs (57.8 fibers affected per field at 200X
magnification). Most SMs were found in
the periphery of the affected fibers
(Fig. 1A), fewer were centrally located
(Fig. 1A., left inset), and some encircled
the periphery of the myofibers. The SMs
were negative for PAS and PTAH stains,
indicating the absence of glycogen and
myofibrils, respectively.

A variety of morphologic changes were
observed, including internalized nuclei
associated with an increase in the number
of nuclei (nuclear rowing) and variation in
fiber size and shape (Fig. 1B). Internal

nuclei were seen in both type I and II
fibers and affected three morphologically
distinct fibers: fibers of normal architec-
ture, fibers altered by incomplete division,
and small fibers. Rows of more than 10—-12
internally positioned nuclei were more
often seen in longitudinal sections com-
pared with transverse sections (Fig. 1B,
left inset). Multifocal variation in size and
shape, including irregular atrophy of fibers
and compensatory hypertrophy, often
accompanied by fiber splitting, were
frequently observed. Less frequent find-
ings included intranuclear and intrasarco-
plasmic vacuolization, segmental myone-
crosis, and an increase in the interstitial
fibrous stroma, especially in the periphery
of the fascicles.

Morphometric data from the case and
control animal are summarized in Table 1.
The case showed decreased CSA, lesser
diameter for type I and II fibers, and a
marked decreased in the number of type
IT fibers, with a higher proportion of type
I fibers. Immunohistochemical analysis
(Fig. 1C) confirmed the muscular atrophy
and predominance of type I fibers and
revealed the presence of concentrated
deposits of muscle actin within the pe-
riphery of some affected fibers (Fig. 1C,
left inset), and a diffuse, slightly cytoplas-
mic, immunostaining for muscle actin was
observed in normal and other affected
fibers. There was a generalized absence of
dystrophin immunostaining in all skeletal
muscle samples examined, including the
control. These results could be interpreted
as an absence of reaction to this commer-
cial antibody. The same stains on skeletal
muscle of the control animal revealed no
significant change (Fig. 1A—C, right inset).
Ultrastructural study revealed that sarco-
plasmic masses were not membrane
bound and were either devoid of myofil-
aments or characterized by the presence
of sparse myofilaments and irregularly
oriented and disorganized myofibrillar
components with mitochondria, dilated
tubules, and lipofuscin (Fig. 1D).
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Ficure 1. Microscopic features of a pigmy sperm whale (Kogia breviceps) found stranded and dead on
the coast of Fuerteventura, Canary Islands, Spain, August 2006 (case). Comparisons are to an adult male
pigmy sperm whale (control). (A) Cross section from the skeletal muscle of the case animal. Note high number
of peripheral sarcoplasmic masses (SMs), negatively stained with phosphotungstic acid hematoxylin (PTAH).
Inset left: centrally located SMs (PTAH; case animal). Inset right: cross section from control animal. Note
absence of subsarcolemmal peripheral masses (PTAH. Bar=20 pm). (B) Cross section from the skeletal
muscle of case animal. Note morphologic changes, including internalized nuclei, variation in fiber size and
shape; and fiber splitting (arrowhead). H&E. Inset left: longitudinal section of case animal. Fiber presenting
rows of high number of internally positioned nuclei (nuclear rowing). HE. Inset right: cross section from
control animal. H&E. Bar=20 um. (C) Cross section from skeletal muscle of case animal. High proportion of
type I fibers conducting to a deviation to the normal mosaic-like arrangement of fibers. Immunohistochem-
istry for fast-twitch fibers (type II fibers). Inset left: immunohistochemistry for o-actin. Cross section from
case animal. Some fibers express a peripheral condensation of the a-actin protein. Bar=50 um. Inset right:
cross section from control animal. Normal distribution pattern of muscle fiber types observed in an adult male
pigmy sperm whale. Immunohistochemistry for fast-twitch fibers (type II fibers). Bar=50 um. (D) Electron
micrograph. The subsarcolemmal mass contained bundles of disorganized myofibrils (arrows), destruction of
myofibrillar components, and dilated sarcoplasmic reticulum and tubules (arrowhead). Bar=2 pm.

Pathologic changes observed in the
pigmy sperm whale were restricted to
the skeletal muscle and mainly included
the presence of SMs, changes in the
number and location of sarcolemmal
nuclei, fiber size and shape variations,
cytoarchitectural changes, and alterations
in fiber type proportion. All these changes
have been described in association with
many muscle diseases and in aging muscle

(Astrom and Adams, 1982 Valentine and
McGawin, 2007), but they are also consis-
tent with many of the histologic criteria
established for the diagnosis of muscular
dystrophies in humans and animals (As-
trom and Adams, 1982; Hegreberg and
Reed, 1990; Sarli et al., 1994).

Muscular dystrophies are a group of
genetic disorders that mostly comprise
loss of function mutations or deletions in
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TasBLE 1.
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Comparison of morphologic characteristics of longissimus dorsi muscle fibers from pigmy sperm

whale (Kogia breviceps) diagnosed with sarcoplasmic masses, compared to a control pigmy sperm whale.

Values are reported as mean*SD.

Control Case
Type I fibers Type II fibers Type I fibers Type II fibers
Cross-sectional area (um?)  797.35+210.89 686.22+218.34 687.92+360.28 534.45+229.29
Lesser diameter (pum) 24.60+4.68 21.01+4.89 21.25*+6.9 18.08%5.03
No. 403 385 4035 186

genes that encode proteins involved in
maintaining the structural integrity of the
muscle sarcolemmal membrane, in partic-
ular those that comprise the dystrophin-
associated glycoprotein complex (Gordon
and Hoffman, 2001). Identification of
cytoskeletal protein defects relies, in part,
on immunohistochemical preparations, in
which tissue controls are crucial to dis-
criminate pathologic from natural changes.
Although there is no evidence on the
reactivity of the dystrophin in cetaceans,
the reactivity of muscle actin has been
described in bottlenose dolphins (Tursiops
truncatus), showing a uniformly strong
cytoplasmic diffuse immunostaining in
myoctyes (Kumar and Cowan, 1994).

Actin accumulation and fiber type
disproportion has been described within
the main skeletal lesions associated with
muscle o-actin gene mutations (Laing et
al., 2004), which cause a range of patho-
logically defined congenital myopathies
characterized by weakness and pathologic
changes of skeletal muscles. Even if the
underlying protein defect could not be
established definitively, the major histo-
pathologic lesions observed in the muscle
of this pigmy sperm whale were compara-
ble to those that have been classically
described as typical of myotonic dystrophy
in humans and animals, such as SMs,
multiple internal nuclei, and fiber type
disproportion, especially when two or
more changes are seen in combination
(Nakamura et al., 1994; Sarli et al., 1994).

This study was supported by the Min-
isterio de Ciencia, Investigaciéon e Innova-
cién (CGL2009-13052), Spain.
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