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ABSTRACT. A striped dolphin (Stenella coeruleoalba) calf stranded alive because of a Salter-Harris

fracture type 1 of a caudal vertebra and remained in a provisional rehabilitation facility for 3 days

J. Vet. Med. Sci. where the fracture stabilization was attempted, but he died the day after bandaging. Serum and

79(6): 1013-1018, 2017 urine samples were collected during hospitalization (days 1, 2 and 3 serum and day 2 urine).

) o Serum analysis showed increased urea, alanine transaminase, aspartate transaminase, and serum

doi: 10.1292/jvms.17-0023 amyloid A values, while creatinine was below the lower limit. Urine analysis showed urinary

protein-to-creatinine ratio of 5.3 with glomerular proteinuria. Postmortem analyses demonstrated

. a severe rhabdomyolysis and myoglobinuric nephrosis, suggestive of capture myopathy
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In August 2014, a calf male striped dolphin (Stenella coeruleoalba) was found stranded alive in Bovalino beach (Reggio
Calabria, Italy, 38°9°33"N, 16°11"38"E), because of a severe wound close (Fig. 1C and 1D) to the caudal peduncle likely caused by
entanglement in fishing gear. The animal was 133 cm long and 22 kg of weight; based on these morphometric data, we estimated
that the animal was about 1 year old [4]. Despite the severe injury impairing swimming and diving, a good health condition
was hypothesized based on respiratory rate, heart rate, physical examination (Fig. 1A and 1B) and complete blood cells count
results, and the dolphin was recovered in a provisional pool for 3 days. To correctly characterize the severity of the wound, we
did a radiographic examination of the injured area. The radiographic exam showed a physeal fracture, classified as Salter-Harris
fracture type 1, of a caudal vertebra (Fig. 1D). In the Salter-Harris type 1, the fracture runs through the physis, but metaphysis
is not involved [7]. Because of the prolonged survival and in view of young age, fracture stabilization was attempted using an
external splint (Fig. 1F). The animal was sedated using diazepam during manipulation and bandaging procedures. During the
hospitalization, the animal was hydrated using 40 m//kg/day (maintenance fluid requirement) of 0.9% saline. After stabilization,
we decided to treat the animal using a long acting antibiotic (Cefovecin, 8 mg/kg, intramuscular administration) and analgesic
(tramadol, 0.1 mg/kg twice a day, subcutaneous administration) to control animal’s pain.

Blood samples were collected from the dorsal fin vein: a complete blood cell count (CBC) was performed the day before
bandaging, while biochemical analyses using an automated chemistry analyzer (Cobas Mira, Roche Diagnostics, Basel,
Switzerland) and serum electrophoresis (Sebia Italia Srl, Bagno a Ripoli, Firenze, Italy) were performed on serum samples
collected before, during and after the application of the external splint. A urine sample collected by free catch during the bandaging
procedure was used for urinalysis and sodium dodecyl sulphate-agarose gel electrophoresis (SDS-AGE). Both blood and urine
samples were collected in the morning.
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Fig. 1. Striped dolphin (Stenella coeruleoalba), male, 133 cm long, (a) left side of the whole body; (b) the fishing gear marks
involving the rostrum; (c, e) severe wound close to the caudal peduncle, before (c¢) and after (e) chirurgical curettage; (d)
radiographic examination of the fracture showed a Salter-Harris fracture type 1; (f) rigid structure of the external splint.

Unfortunately, one day after the bandaging, the animal died unexpectedly without specific clinical signs. A detailed necropsy,
according to European Cetaceans Society [8] standard necropsy protocol, was carried out 8 hr after death (conservation code 2
according to [4]), and tissues were routinely sampled, formalin fixed, paraffin-embedded and processed for microscopic
examination. Skeletal muscles sampled from the longissimus dorsi at the level of the dorsal fin were obtained during necropsy [5].
Transverse and longitudinal sections were trimmed, fixed in 10% buffered formalin ensuring them on a solid surface to prevent
contraction and paraffin embedded, and serial sections were obtained for microscopic examination. These slides as well as those
obtained by cardiac samples were used for immunohistochemical (IHC) analyses in order to assess any injures related to stressful
conditions occurred during stranding and/or rehabilitation efforts. The THC analysis was performed using a polyclonal rabbit anti-
human fibrinogen (Agilent Technologies, Santa Clara, CA, U.S.A., Dako, Agilent technology; dilution 1:200; incubated for 2 hr at
37°C) and polyclonal rabbit anti-human myoglobin (Agilent Technologies, Dako; dilution 1:800, incubated for 16 min at 42°C).
The original IHC manual protocol [S5] was modified to be performed using an automatic immunostainer (Ventana Benchmark XT,
Ventana Medical System Inc., Tucson, AZ, U.S.A.). Finally, virological, microbiological and parasitological analyses were carried

doi: 10.1292/jvms.17-0023 1014



The Journal of

Veterinary

Medical

Science CAPTURE MYOPATHY IN A STRIPED DOLPHIN

Table 1. Biochemical variables and urine analysis in the striped dolphin. Serum samples were collected the day before, during
and the day after the bandaging, while urine sample was collected during bandaging

SI units Pre-bandaging  During bandaging  Post-bandaging Reference intervals
Urea mmol L-1 18.32 19.15 16.82 7.83-13.32
Creatinine pmol L-1 57.46 41.55 50.39 61.88-132.6
ALT UL-1 202 151 184 12.0-70.0
ALP UL-1 231 272 325 96.0-702.0
AST UL-1 1,025 984 1,024 165.0-371.0
CK UL-1 307 217 342 104.0-358.0
Total protein gL-1 80.7 72.9 88.1 64.0-83.0
Albumin % nd nd 38.3 64.00-70.99
Albumin gL-1 nd nd 33.7 31.0-43.0
a-globulin % nd nd 18.4 10.2-14.3
a-globulin gL-1 nd nd 16.2 11.0-18.0
B-globulin % nd nd 14.5 5.4-9.6
B-globulin gL-1 nd nd 12.8 4.0-7.0
v-globulin % nd nd 28.8 7.6-13.9
v-globulin gL-1 nd nd 25.4 8.0-30.0
SAA mg L-1 68.4 84.9 128.0 17.5-42.9
Urinary proteins mg dL-1 nd 173.6 nd nd
Urinary creatinine mg dL-1 nd 32.6 nd nd
Urinary protein to creatinine ratio nd 53 nd <0.5

Biochemical values are compared to the reference intervals of free-ranging, age-matched bottlenose dolphins [12], while the urine values are
compared to the reference intervals of domestic animals [8]. SI=systéme international d’unités; ALT=alanine transaminase; ALP=alkaline
phosphatase; AST=aspartate transaminase; CK=creatine kinase; SAA=serum amyloid-A; nd=not determined. Bold; the values outside the
reference intervals.

out to exclude any possible biological agent.

The CBC showed mild eosinopenia, while all other blood parameters were within the reference intervals (RI) (Table S1).
Biochemical abnormalities included increased aspartate transaminase (AST) and alanine transaminase (ALT) activities. Urea
concentration was above the upper limit of the RI, and creatinine concentration was under the lower limit in all 3 samples took
before, during and after bandaging. Total serum protein (TP) was within the RI before bandaging and increased above the upper
limit the day after bandaging with serum electrophoresis showing an increase in the beta-globulins concentrations. In addition,
serum amyloid-A (SAA) was above the upper limit of RI in all 3 samples (Table 1). Urine was macroscopically clear and yellow.
The urinary protein to creatinine ratio (UPC) revealed a severe glomerular proteinuria (Table 1) as confirmed by SDS-AGE
(Fig. 2). Muscular, glomerular injures and an acute phase reaction were supposed on the biochemical profile.

During necropsy, external examination revealed fishing gear marks around the rostrum and the caudal peduncle along with
the wound involving the caudal peduncle, the related hemorrhagic changes and the fracture. Grossly, skeletal muscles had
multifocal, locally extensive, pale, whitish areas in the muscle fibers, and stomach content analysis showed the presence of scant
and digested squid beaks and a mild multifocal granulomatous gastritis associated to Pholeter gastrophylus in the third chamber.
Further observed pathological changes were mild diffuse hyperemia of liver and spleen, pale muscle aspect of heart and mild
multifocal edema associated with emphysema in lung tissue. Microscopic examination of cardiac muscle, longissimus dorsi and
rectus abdominis muscles revealed multiple, multifocal, moderate hypereosinophilic cytoplasm with fragmentation, loss of cross
striations, moderate myolysis and multifocal contraction band necrosis (Fig. 3A and 3B), consistent with acute myodegeneration.
THC analysis revealed myoglobin depletion and an intense cytoplasmic immunoreaction with anti-fibrinogen antibody in degenerate
myocytes (Fig. 3C and 3D) and cardiomyocytes (Fig. 3F and 3G). Furthermore, renal tubular degeneration and necrosis associated
with presence of brown homogeneous pigment, positively stained using the anti-myoglobin antibody, in the tubular lumen, in
the apical part of the tubular epithelial cells, and sometimes in Bowman’s spaces were observed (Fig. 3E). Negative results were
obtained by molecular analyses looking for dolphin morbillivirus and Toxoplasma gondii and microbiological and microscopic
examinations excluded any bacterial agent or related pathological changes.

Hematological and biochemical values and pathoanatomical findings suggested that cause of death was consistent with an acute
stress syndrome with rhabdomyolysis and myoglobinuric nephrosis, consistent with a capture myopathy (CM) syndrome.

This report describes, for the first time, the changes in serum and urine samples during a CM syndrome in a striped dolphin.

CM is a metabolic muscle disease associated with stress of capture, restraint and transportation [6]. CM has been documented
in a broad variety of wild terrestrial and aquatic mammals [1, 5, 6, 10]. Clinical signs of CM are aspecific including depression,
hyperthermia, ataxia and torticollis, and the more common laboratories abnormalities increase serum muscle enzymes and urea
due to myoglobinuria [5]. The pathogenesis of CM in artiodactyls is complex and related to overstimulation of the sympathetic
nervous system in response to stressful stimuli. The overstimulation of the sympathetic nervous system leads to a vasogenic shock
caused by systemic vasodilation, resulting in hypotension and systemic hypoperfusion. In animals survived after vasogenic shock,
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widespread muscle lesions associated with hypoxia and deficient ATP production with

severe intracellular acidosis were evident. The myoglobin released from muscle damage

is filtered through the glomerulus, and its concentration rises after the reabsorption of

water in the tubules, until it precipitates and causes obstructive cast formation [17]. 3
The myoglobin is then degraded in the tubules, and this leads to the release of free

iron and free radical production [18]. Thus, severe tubular damage is caused by renal
vasoconstriction, intraluminal cast formation and heme-protein-induced cytotoxicity

[18]. 2

In terrestrial animals, four different clinical syndromes were described: capture shock
syndrome, ataxic myoglobinuric syndrome, ruptured muscle syndrome and delayed-
peracute syndrome [14]. Their pathogenesis is the same, but the interval between
capture and the onset of clinical signs changes [12].

In cetaceans stranded at the beach ischemic complications secondary to extended
muscle compression, acute to subacute myodegeneration affecting both skeletal and
cardiac muscle and myoglobinuric nephrosis are also present [6]. Moreover, cetaceans
stranded alive are usually debilitated, their condition deteriorates over time, and they
often die after a period of captivity [5].

In the case under herein reported, the animal showed a good body condition and
no signs of other ongoing diseases suggesting that the cause of the tail fracture and,
consequently, of the stranding, was likely related to the interaction with fisheries, while
no specific clinical signs suggesting rhabdomyolysis was detected.

The evaluation of clinic-pathological data was challenging because values in
striped dolphins are scarce [3] and no RI are reported in literature, so the levels of
blood analytes were compared with published values for free-ranging, age-matched
bottlenose dolphins (Tursiops truncatus) [2, 13]. Moreover, no data about urinalysis

—

A

in cetaceans are present in the literature, so the results were compared with those of A o= B F
domestic mammals. In our case, increased ALT and AST values above the upper limits

of RI in all the 3 samples were detected and considered markers of muscular or hepatic Fig. 2. Sodium dodecyl sulphate-aga-
damage in mammals [16]. Since ALP, more specific for cholestatic disorders, is within rose gel electrophoresis (SDS-AGE)
RI, muscular damage, was hypothesized, as confirmed also from histologic and IHC analysis. Lane A: Molecular weight
analyses. Despite this condition, creatine kinase (CK) was within the RI of bottlenose control (1-Albumin [66 kDa], 2-tri-
dolphins. This could be an unexpected finding, since injures to skeletal muscle are ose phosphate isomerase [27 kDa]
usually supported by an increase value of this marker [16] and it was recommended and 3-lysozyme [15 kDa]). Lane B:

glomerular pattern of proteinuria seen
in striped dolphin. In the lane B, only
proteins with a molecular weight equal
or higher than albumin are present.

as a sensitive indicator of handling stress in other marine mammals [15]. A possible
explanation for the unexpected low levels of CK in our samples could be the short half-
life of CK (1.5 hr) [11]. Additionally, the analytical ranges of some commercial assays
are too narrow for the animals, and thus sometimes it is necessary to dilute the serum
to obtain numeric results when CK activity is markedly increased [16]. Nevertheless,

as stated above, the absence of specific RI for this species could affect the evaluation
and the analysis of the obtained results, and the increased CK value in the last sample
reflects the worsening of the muscular damage. To confirm our hypothesis, the histological and IHC analysis clearly identified the
muscle damage. Thus, we think that unexpected findings underline the need of more information on specific assay and RI for wild
species.

Pre-renal azotemia was reasonably supported by increased urea’s values in comparison to bottlenose dolphins’ R, likely related
to hypovolemia probably caused by vasodilation. In fact, hypovolemia enhances resorption of sodium and water in proximal tubules,
which in turn promotes passive proximal tubular resorption of urea, but not creatinine, because the lower flow rate provides more time
for resorption. Hypovolemia also triggers release of anti-diuretic hormone (ADH), which enhances resorption of urea in medullary
collecting ducts [16]. The decrease of urea in the third sample is probably related to the fluid administration during recovery.
Conversely, creatinine was slightly under the lower RI’s limits. The creatinine concentration is directly proportional to the muscular
mass of an animal. The animal in our work was smaller compared to the juvenile bottlenose dolphins (length between 200 and 240
cm) and had less muscle and hypotrophic muscular masses. So, probably, the creatinine in our animal was increased, but within the RI
of bottlenose dolphins [13] for this reason. A more accurate age and species-specific RI are needed to confirm this hypothesis.

TP was very close to the upper limit of bottlenose dolphins’ RI in the first and second samples and they overcome the upper
limit in the last sample [13]. However, if compared to RI values reported for stranded striped dolphins [3], first and third samples
were above the upper limit while the second one is within the range. More in detail, the electrophoretic analysis performed on the
post-bandaging sample showed an increase of beta globulins, while albumin, alpha globulin and gamma globulins were within the
RI. These values suggest that hyperproteinemia herein reported could be associated to inflammation related to the above described
fracture and reported injures. Compared to the bottlenose dolphins’ RI [2], our SAA values were decisively increased, and they rose
progressively from the first to the last samples, underlying a worsening in the health condition of the animal. This finding confirms
the possible role of SAA as an early marker of inflammation, since leukocytes were within RI.
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Fig. 3. Stenella coeruleoalba. Skeletal muscle (longissimus dorsi): myocytes have (a,b) acute degenerative chang-
es characterized by fibers hyaline degeneration (asterisks) and multifocal loss of cross striations and mild endo-
misial edema (stars) probably due to an acute ischemic damage. Hematoxylin and eosin staining. Scale bar=50
um. Immunohistochemical analysis of skeletal muscle (longissimus dorsi): (c) strong intracytoplasmatic positive
immunoreaction for fibrinogen in affected myocytes and (d) depletion of myoglobin in degenerated myocytes
is demonstrated by decreased immunoreaction for myoglobin. Mayer’s hematoxylin counterstain. In kidney (e),
the apical cytoplasm of degenerated tubular cells and granules in the Bowman space and tubular lumen show
positive immunoreaction for myoglobin. Mayer’s hematoxylin counterstain. Scale bar=50 um. Cardiac muscle:
(f) cardiomyocytes present multifocal hyaline degeneration and loss of cross striations. Hematoxylin and eosin
staining. Scale bar=50 ym. Immunohistochemical analysis of cardiac muscle: (g) decreased immunoreaction for
myoglobin in degenerated cardiomyocytes. Mayer’s hematoxylin counterstain. Scale bar=50 um.

Finally, urine analysis showed a UPC of 5.3. No data regarding urine analysis in cetaceans have been found for comparison,
but considering domestic animals, cut-off values between proteinuric versus non proteinuric animals are <0.5 in dogs and <0.4
in cats, and an UPC value >2.0 is strongly suggestive of glomerular disease [9]. SDS-AGE confirmed the glomerular origin of
proteinuria, since these proteins have a greater molecular weight than albumin [19]. Surprisingly, in SDS-AGE analysis, no band
at the expected molecular weight of myoglobin (18 kDa), was evident, despite myoglobin’s evidences in the Bowman’s space and
in the tubular lumens observed with IHC examination. The absence of visible myoglobin in the urine is probably due to myoglobin
precipitates in acidic urine within renal tubules (as seen during microscopic examination). Myoglobin tubular reabsorption has been
excluded on the serum features, which appeared to be clear at gross examination [16]. Data herein reported confirm usefulness of
SDS-AGE to evaluate proteinuria’s origin (glomerular and/or tubular). Further studies are needed to obtain correct RI in urinalysis
in these species, because no data are available in literature.

The present investigation reports for the first time possible clinico-pathological changes in serum and urine samples during a
stressful condition in a striped dolphin, underlining the relevant role of SAA in monitoring the health status also in this species. A
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constant effort in serum and urine sampling on marine mammals could enhance the existing knowledge on health biomarkers RI
representing a useful tool for cetaceans’ rehabilitation and release.
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