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of species as they are killed. The methods may thus be
applied to assess the effects of anaesthesia or killing proce-
dures on the welfare of fish. The application of the tests
should make it possible to ensure that fish are killed with the
minimum of suffering, and may also help to improve the
existing slaughter procedures or devise new, more humane,
methods.
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Three adult brown pelicans (Pelicanus occidentalis) were observed to be weak, anorexic and unresponsive
to antibiotics, anti-inflammatory drugs, vitamins including vitamin E, and steroids. Blood chemistry revealed
high activities of aspartate aminotransferase, creatinine kinase and lactate dehydrogenase. Radiographs of
the birds' leg muscles revealed multiple opacities suggestive of calcification; the gross lesions included
white streaks in the le& wing, and heart muscles, and the microscopical lesions consisted of various degrees
of degeneration and necrosis characterised by eosinophilia, variations in fibre size, loss of striations,
myolysis, mineralisation, and proliferation of mononuclear cells in the skeletal muscles and the
myocardium. The levels of heavy metals, selenium and vitamin E in the birds' livers were not abnormal.
The level of peroxide in their diet of capelin fish was high, 69 meq/kg, (normal <20 meq/kg) consistent with
rancid feed, and the level of vitamin E was very low, 0-5 iu/kg (normal 20 to 30 iu/kg). It was concluded that
the myopathy was probably caused by vitamin E deficiency due to feeding the pelicans a rancid diet.

THE main diet of brown pelicans is anchovies, sardines and
other surface-schooling fish (Anderson and others 1994).
Some fish are very susceptible to autoxidation during stor-
age because of their high concentrations of long-chain
polyunsaturated fatty acids. Feeding rancid diets may induce
myopathy, poor performance, or even death (B0rsting and
others 1998), because rancid fat contains toxic products that
can decrease the palatability and digestibility of nutrients and
damage cell membranes (Comporti 1993, B0rsting and
others 1998).

Vitamin E is a natural antioxidant that inhibits the for-
mation of lipid-derived oxidation products (Rucker and
Morris 1997); as a result, high dietary intakes of polyunsatu-
rated dietary fats increase the utilisation of vitamin E.
Nutritional degenerative myopathy due to vitamin E defi-

ciency has been recognised in many animal species, including
birds (Campbell and Montali 1980, Nichols and others 1986,
Austic and Scott 1997). In commercial poultry, and especially
turkeys, vitamin E deficiency has been associated with
encephalomalacia and myopathy of skeletal muscle, gizzard
and heart, and vitamin E-related myopathy in wild birds and
ostriches affects primarily the skeletal muscles (Hulstaert and
others 1976, Campbell and Montali 1980, Nichols and oth-
ers 1986, Austic and Scott 1997, Mushi and others 1998).
Pansteatitis due to vitamin E deficiency has been reported in
great blue herons (Nichols and others 1986).

Campbell and Montali (1980) attributed myopathy and
sudden death in pelicans to a vitamin E deficient diet, but they
did not analyse the birds' feed. Furthermore, in diagnosing
vitamin E deficiency, the levels of peroxide in the feed are
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rarely analysed. This paper describes nutritional myopathy in
three pelicans due to their being fed a rancid diet, even though
it had been supplemented with vitamin E. The fish fed to
the pelicans were tested for peroxide levels and vitamin E
concentration.

MATERIALS AND METHODS

Clinical history
Three brown pelicans (Pelicanus occidentalis) were examined
in April 1999. Two ofthem had been in the Chaffee Zoological
Garden since 1996, and one had been acquired in 1998.
Owing to the scarcity of smelt (Spirinchus starksi) due to the
El Nino weather patterns during late 1998 and early 1999,
capelin (Mallotus villosus) were fed to the pelicans. The fish
were purchased in January 1999 and stored frozen. However,
investigation revealed that the capelin had been caught in July
1998. Each pelican received approximately 1 kg of fish per day,
and was supplemented with one tablet of commercially avail-
able avian multivitamins (Mazuri) daily, 25 mg of vitamin K
(Merck) once a week, and 50 iu of vitamin E (Astra Zeneca)
twice a week.

Two weeks before they were euthanased the pelicans
showed signs of weakness and anorexia. Radiographs of the
leg muscles showed areas of increased density (Fig 1), which
were interpreted as calcification. Analysis of blood samples
(IDExx Labs) (Table 1) from the three pelicans showed that
they had abnormally high activities of aspartate aminotrans-
ferase (AST), between 3000 and 5250 iu/litre (normal range 26
[2] iu/litre), creatinine kinase (CK), between 129,030 and
260,238 iu/litre (normal range 583 [76] iu/litre) and lactate
dehydrogenase (LDH), between 6378 and 13,041 iu/litre (nor-
mal range 994 [258] iu/litre) (Puerta and others 1991). Two
of the birds had a high count of white blood cells, probably in
response to tissue injury (Table 1).

The three pelicans were treated orally with 17-7 mg/kg
enrofloxacin (Bayer) daily for five days, intramuscularly with
0-1 mg/kg vitamin E/selenium (Schering-Plough) for two
days, and orally with 0-06 mg/kg prednisone (Pharmacia &
Upjohn) for one day. The first two pelicans were also treated
orally with 305 mg/kg trimethoprim sulphadiazine (Coopers
Animal Health) daily for five days. In addition, one of the
pelicans was treated intramuscularly with 0-07 mg/kg dexa-
methasone (Steris) for one day. One week after the treatments
the birds became recumbent and showed signs of respiratory
distress, although the activities of AST, CK and LDH had
decreased slightly (Table 1). Because of their physical deteri-
oration and lack of response to treatment, the birds were
euthanased with intravenous sodium pentobarbital (110
mg/kg) (Abbot).

Postmortem examination
The three birds were examined thoroughly postmortem and
the gross lesions were recorded. Portions of skeletal muscle,
heart, peripheral nerve, brain, bone, kidney, liver, spleen, eyes,
sinus together with turbinates, trachea, lung, air sacs, oesoph-
agus, proventriculus, gizzard, intestine, pancreas, adrenals,
thyroids and gonads, were fixed in 10 per cent neutral
buffered formalin, embedded in paraffin, sectioned at 4 rim,
strained with haematoxylin and eosin, and examined by light
microscopy.

Toxicology
Liver samples from the pelicans and muscle from one ofthem
were analysed for heavy metals (arsenic, cadmium, copper,
iron, lead, manganese, mercury, molybdenum and zinc), sele-
nium and vitamin E, and the concentrations were expressed
on a fresh weight basis. The heavy metals and selenium were
analysed by inductively coupled plasma spectrometry (Galey

FIG 1: Detail of (a)
frontal and (b) lateral
radiographs showing
radiopacity of leg
muscles (arrows) in one
of the brown pelicans

and others 1990). Vitamin E was analysed by high-pressure
liquid chromatography (McMurray and Blanchflower 1979).
The capelin were analysed for vitamin E and selenium con-
centrations in the same way, and the concentration of vitamin
E in the capelin was also expressed on a fresh weight basis.
To compare this value with the recommended level of vita-
min E, which is expressed on a dry matter basis, the capelin

Pelican 1 Pelican 2
Before Before AfterVariable

Pelican 3 Normal (se)*
Before After values

Aspartate aminotransferase (iuAitre) 5250 3969 2835 3000 1827
Creatinine kinase (iu/litre) 260,238 193,221 167,958 129,030 64,119
Lactate dehydrogenase (iu/litre) 13,041 9366 7203 6378 4290
Total protein (gIdl) 3.5 3.6 3.2 41 39
Cholesterol (mg/dl) 176 228 214 198 270
Glucose (mg/dl) 136 60 116 140 108
Calcium (mg/dl) 9.9 9.4 85 9-7 9.9
Uric acid (mg/dl) 5.3 4-3 46 5-2 3.3
Haematocrit (%) 45 42 46 46 44
White blood cells (x103/pl) 14-0 21-5 21-4 24-5 26-3
Heterophils (x103/pl) 11-3 13-1 16-7 15-9 21-3
Lymphocytes (XI 03/pl) 1-8 8-2 4-5 7-8 4-7
Eosinophils (XI103/pl) 0-5 - - 0-7 -
Basophils (x103/pl) 0-4 0-2 0-2 0-1 0-3

26 (2)
583 (76)
994 (258)
3.4 (0-3)
99 (10)
191 (20)
NA

5-5 (0-1)
41-1 (1-0)
13-5 (1.1)
80 (1.4)
4-8 (1-3)
0-4 (0-1)
0-1 (0-1)

* Puerta and others (1991)
NA Not available
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were assumed to contain 20 per cent dry matter. In addition
the concentration of peroxide in the oil extracted from the
capelin was determined by the method described by the
American Oil Chemists' Society (1998).

Microbiology
Samples of liver, heart blood and trachea were cultured for
aerobic bacteria on 3 per cent sheep blood and MacConkey's
agars (Remel), and incubated at 37°C in 7.5 per cent carbon
dioxide for 48 hours. The trachea was also cultured for
mycoplasma in modified Frey's medium and agar (Frey and
others 1968). The plates were examined for typical
mycoplasma colonies for two weeks. The intestines and their
contents were cultured for salmonella in selenite broth, incu-
bated at 37°C for 24 hours, and streaked on to brilliant green
agar plates. Samples of liver and spleen from one bird were
tested for chlamydia with a commercial fluorescent mono-
clonal antibody test (Bartels).

Serology
Samples ofserum from two of the pelicans were examined for
antibodies to avian influenza virus (AIV) by agar gel immuno-
diffusion and for avian paramyxovirus 1 (APMv-1) by haemag-
glutination-inhibition tests, using reagents from the National
Veterinary Services Laboratories, USA.

RESULTS

Pathology
The three pelicans were emaciated and weighed 2-9, 3-1 and
3.3 kg; they had no significant coelomic or subcutaneous fat
stores. The most striking gross lesions were pale white streaks
in the skeletal muscles of the wing, thigh and legs (Fig 2).
Most of the muscles in the thighs and legs were also mildly
to moderately enlarged and pale. Two of the birds had a few
pale foci, 2 to 3 mm in diameter on the epicardium, which
extended into the myocardium. In one bird, the papillary
muscle beneath the mitral valve was diffusely pale (Fig 3), and
in two birds the mitral valves were moderately thickened. In
all the three birds the pectoral muscles were atrophied but did
not have any pale streaks.

Microscopically, most of the skeletal muscles except for the
pectoral muscles showed various degrees of degeneration and

FIG 3: Heart of one of
the pelicans, showing a
pale white area in the
papillary muscle (arrow)
beneath the mitral
valves (*). There are
also white streaks in the
endocardium of the
auricle. Bar=0-5 cm

FIG 2: Pale white streaks in the leg muscles of one of the
pelicans

necrosis, characterised by eosinophilia, loss of striations,
variations in fibre size, vacuolations, mineralisation, and a
proliferation of mononuclear cells (Fig 4). Similarly, the
myocardium had mild to severe, multifocal degeneration of
myofibres, occasional foci of necrosis, proliferation of
mononuclear cells, and mild mineralisation (Fig 5). The
periocular muscles were similarly affected, but to a milder
degree. In addition, all the skeletal muscles including the pec-
torals, and the heart to a milder degree, had fatty infiltration
in the interstitium. The adrenal glands had vacuolations in
the cytoplasm of the cortical cells.

Toxicology
The concentrations of heavy metals, vitamin E and selenium
in the birds' livers were within the expected ranges for avian
species (Puls 1994a, b). The concentrations of heavy metals,
vitamin E and selenium have been established in muscle
tissue for poultry (Table 2), but their normal levels in the
muscle of other avian species are not known. Liver is gener-
ally the best organ for determining the concentrations of
heavy metals and vitamin E.

In the capelin fish, the concentration of vitamin E, 0*5
iu/kg fresh weight (2-5 iu/kg dry weight) (expected concen-
tration 20 to 30 iu/kg of feed), was particularly low, and the
concentration of selenium, 0-204 mg/kg fresh weight (1.02
mg/kg dry weight) (expected concentration 130 to 2-00
mg/kg of feed), was lower than expected (National Research
Council us Subcommittee on Poultry Nutrition 1994)
(Table 2). The concentration of peroxide in the capelin was
very high, 69 meq/kg oil (Table 2); non-rancid feed
should contain less than 20 meq/kg peroxide (Edmunds
1990).

FIG 4: Photomicrograph of skeletal muscle with extensive
degeneration, necrosis (black arrows) and proliferation of
mononuclear cells (white arrows). There are adipocytes
scattered throughout the section. Haematoxylin and eosin.
Bar75 pm
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Liver
Pelican 1 Pelican 2 Pelican 3

Normalt Muscle
values (Pelican 3) Capelin

FIG 5: Photomicrograph of myocardium showing extensive
degeneration, necrosis, infiltration of mononuclear cells and
mineralisation (arrows). Haematoxylin and eosin. x 250

Microbiology and serology
The routine cultures were negative for aerobic bacteria
including salmonella and mycoplasma. The bird tested for
chlamydia was negative. The serum samples from the two
birds tested for antibodies to AI and APMV-1 were negative.

DISCUSSION

The clinical signs, the haematological findings, and the gross
and microscopic lesions in the pelicans were indicative of
myopathy, which was probably due to vitamin E deficiency.
The concentration of vitamin E in their diet of capelin was
extremely low (0.5 iu/kg fresh weight or 2-5 iu/kg dry matter).
This low concentration of vitamin E in the fish probably
resulted from the high level of peroxides, 69 meq/kg oil, due
to rancidity. Although the pelicans were supplemented with
50 iu/kg of vitamin E twice weekly, it was insufficient because
it is known that for optimum performance most birds require
20 to 30 iu of vitamin E/kg diet when fed a non-rancid diet
(National Research Council us Subcommittee on Poultry
Nutrition 1994). The capelin supplied only 3-5 iu per week,
and the supplement of 100 iu per week would therefore have
been inadequate to make up the shortfall, particularly in the
presence of high levels of peroxide.

The long-term storage of the fish probably caused it to
become rancid, owing to an increase in peroxide level that also
resulted in low vitamin E levels. It is known that the long-term
storage of fish can result in a depletion of vitamin E (Geraci
and St Aubin 1990). The long-term storage of fish was attrib-
uted as the cause of vitamin E deficiency resulting in myopa-
thy in captive brown pelicans (Campbell and Montali 1980).

The vitamin E concentrations in the livers of two of the
pelicans were within the normal range because the pelicans
had been supplemented with vitamin E for a week before they
were euthanased. In addition, the concentrations of AST and
CK, plasma enzymes associated with muscle damage,
decreased, suggesting a slight improvement as a result of the
supplementation. However, the birds' clinical signs did not
improve, probably because of the extensive and severe mus-
cle damage. Since the capelin fed to the pelicans were rancid
and had high peroxide levels, it is hypothesised that most of
the vitamin E in the fish had been depleted while it was being
transported or stored, in the process of removing free radicals
(Rucker and Morris 1997). Rancid feed also contains toxic
aldehydes which can damage the mitochondria and cell mem-
branes (Comporti 1993).

The myopathy in these pelicans affected primarily the leg
and wing muscles, and to a smaller extent the heart. The
lesions were similar to those described in pelicans fed a diet
consisting solely of frozen smelt in which hypovitaminosis E

Vitamin E (iu/kg)
Selenium (mg/kg)
Heavy metals

Arsenic (ppm)
Cadmium (ppm)
Copper (ppm)
Iron (ppm)
Lead (ppm)
Manganese (ppm)
Mercury (ppm)
Molybdenum (ppm)
Zinc (ppm)

Peroxide (meq/kg/oil)

68-6
1-92

Not detected Not detected Not detected
0-8 Not detected Not detected
4-7 31 5-5
662 204 281

Not detected Not detected Not detected
1-96 2-27 3.39

Not detected Not detected Not detected
1 0-5 Not detected Not detected

28 66-3 31-7
ND ND ND

0-02-0-25 2
0-01-0-5 Not detected
3-0-15-0 1-3
60-300 47-8
0-1-0-5 Not detected
2-0-40 0-13
0.01-0.1 Not detected

NA Not detected
25-40 17-9
NA ND

t Normal values for poultry (Puls 1 994a, b)
ND Not determined, NA Not available

was suspected (Campbell and Montali 1980, Nichols and
others 1986). The presence of high concentrations of perox-
ide in the diet has also been associated with skeletal and car-
diac myopathies (Cabel and others 1988, Kennedy and Rice
1992). Steatitis has also been associated with hypovita-
minosis E in several species of mammals and birds (Dennis
and Alexander 1982, Nichols and others 1986, Hulland 1993,
Rucker and Morris 1997). No steatitis was observed in these
three pelicans, probably because their fat stores had been
depleted, and possibly because the lesions induced by
hypovitaminosis E may be different in different species of
birds.

Other morphologically similar myopathies may be caused
by overexertion (Jones and others 1974) and ionophore tox-
icosis (Cardona and others 1993). Exertional myopathy was
unlikely because the pelicans had been in captivity for some
time and the pectoral muscles were not involved, and
ionophore toxicosis was ruled out because ionophores were
not added to their diet.

This case demonstrates that when purchasing fish its date
of catch should be known, so that fish which may have
become rancid while being transported and stored can be
rejected. A knowledge of the effects of storage time on the
nutrient composition of different species of fish, good com-
munication with the seafood distributors and the length and
quality of transport and storage are important factors when
buying a diet for fish-eating animals. Unless they are supple-
mented with an adequate amount of vitamin E, nutritional
myopathy may occur when birds are fed rancid feed, as a
result ofvitamin E depletion and/or the accumulation of toxic
products. The results also demonstrate the value of measur-
ing peroxides in the feed as a useful tool for establishing a
diagnosis of vitamin E deficiency, rather than relying on the
analysis of vitamin E in liver. This is especially important in
animals which have been supplemented with vitamin E but
continue to show muscle degeneration due to feeding the
rancid diet.
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SHORT COMMUNICATIONS_

Reported response to
treatment among 245
cases of equine
headshaking
D. S. MILLS, S. COOK, B. JONES

THE treatment of equine headshaking remains a problematic
area for the veterinary practitioner despite recent advances
(Newton and others 2000). Many potential treatment options
are not exclusive to the veterinary surgeon, but in the inter-
ests of equine welfare and client service, it is important that
the practitioner has an informed opinion about the poten-
tial utility of these. The aim of this study was, therefore, to
review the current treatment choices of owners with afflicted
horses, their reported success and the potential reasons for
this.

Data for this study were gathered as part of the National
Equine Headshaking Survey (NEHS) (Mills and Geering 1997).

Owners were asked to complete a 64-item, self-administered
postal questionnaire relating to their horse, its management
and clinical history. Details regarding the survey technique
and population characteristics are described by Mills and oth-
ers (2002). Fourteen of the items on the questionnaire related
to treatment which was classified under the following nine
headings: traditional veterinary therapy; use of 'back' spe-
cialists; homoeopathy; other alternative therapies; use of a
nose net; use of an ear net; use of a face net; use of feed sup-
plements; and any other method. A three-point scale rang-
ing from complete through partial to no success was used to
qualify the level of response to each type of treatment tried.
A chi-squared analysis was used to test for any association
between any degree of positive response to treatment among
the different types of net (facial, nose and ear). Chi-squared
analysis was also used to test for an association between
success with an ear net and the occurrence of side-to-side
headshaking.

Two hundred and forty-five useable responses to the sur-
vey were received and all owners had attempted some form of
treatment. Approximately 75 per cent (184) of these reported
that they had consulted a veterinary surgeon about their
horse's condition, but traditional veterinary therapy was used
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