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Highlights
* In sheep with McArdle disease skeletal muscle fibres contain no phosphorylase
(77 words)
* Daily introduction of sodium valproate into the abomasum stimulated
phosphorylase
(81)
* There was no significant toxicity related to the use of valproate for up to 20 weeks
(84)
* It was difficult to determine whether walking was improved in treated animals
(77)

Abstract
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McArdle disease is due to an absence of the enzyme muscle glycogen
phosphorylase and results in significant physical impairment in humans. We
hypothesised that sodium valproate, an HDAC inhibitor, might have the ability to upregulate the enzyme. We treated McArdle sheep with sodium valproate given
enterically at 20-60mg/kg body wt. Compared with untreated control animals, there
was increased expression of phosphorylase in muscle fibres. The response was
dose dependent and reached a maximum 2 hours after the application and
increased with repeated applications. Improvement in mobility could not be
demonstrated. These findings suggest that sodium valproate is a potential
therapeutic treatment for McArdle disease.
.

Key words: McArdle disease, sheep, glycogen storage disease type V, glycogen
phosphorylase, sodium valproate, HDCAI

1. Introduction
McArdle disease (glycogen storage disease V), is an autosomal recessive disorder
affecting approximately 1 in 100,000 persons and it is the most common of the
muscle glycogenoses. The condition results from complete (or almost complete)
absence of the enzyme muscle glycogen phosphorylase (pygm) and is due to
mutations in this enzyme [1,2,3]. Symptoms relate to the inability to perform
strenuous and isometric activities and include muscle fatigue, contracture and
rhabdomylolysis, which, when severe, results in myoglobinuria and acute renal
failure. At present there is no satisfactory treatment [4]. There are two additional
glycogen phosphorylase isoenzymes (brain (pygb) and liver (pygl), which are
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encoded by different genes. ln mature skeletal muscle, the muscle isoform of
glycogen phosphorylase is predominantly expressed, and in developing and
regenerating muscle fibres the brain and liver isoforms are also expressed [1,5,6,7].

Since 1997 a unique flock of Merino sheep carrying a mutation for McArdle disease
has been maintained at the Murdoch University Veterinary School farm in Western
Australia and has been used for studies of the disease. ln the affected animals there
is an absence of skeletal muscle glycogen phosphorylase activity and the sheep
exhibit similar clinical effects and morphological changes to those seen in human
patients. As with humans, expression of the brain and liver isoforms of glycogen
phosphorylase has been shown to be present in developing but not in mature muscle
fibres of normal and McArdle disease sheep [2]. McArdle disease has also been
described in Charolais cattle [8] and more recently a ‘knock-in’ mouse has been bred
[9] but the ovine model is the first animal model of the condition in a species which
has, throughout life, a similar body mass to that of humans. The disease in sheep
provides a unique and authentic animal model for the preclinical testing of putative
therapy regimes and for the evaluation of the risks and benefits of such therapies.
The injection of vectors carrying myophosphorylase cDNA or Lac Z cDNA
phosphorylase activity initiated phosphorylase activity with a mixture of expression of
the human muscle glycogen phosphorylase and re-expression of the ovine brain and
liver isoforms of phosphorylase in regenerating muscle fibres [10]. The intramuscular
injection into, or the layering of notexin onto, the surface of the muscle of sheep with
McArdle disease also resulted in the expression of the brain and liver isoforms of
phosphorylase and an increase in strength in regenerating muscle fibres at these
sites [11,12].
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In the present paper the effect of sodium valproate on expression of phosphorylase
in skeletal muscles of sheep with McArdle disease was examined. Sodium valproate
is commonly used to treat epilepsy. It belongs to a family of drugs known as Histone
Deacetylase Inhibitors (HDACIs) that can affect gene expression by acetylating
lysine residues, which in turn have a direct effect on chromatin [13]. These results
indicate that sodium valproate could be a potential therapeutic target for McArdle
disease.

2. Materials and methods
Surgical and Experimental Procedures
All trials and procedures involving animals were carried out with the approval of the
Murdoch University Animal Ethics Committee, the University of Western Australia
or IMVS Institutional Biosafety Committee. All surgical procedures and injections of
sodium valproate were performed under general anaesthesia. In young lambs up to
3 months old, isoflurane was given by mask and in older animals Alfaxan-CD-RTU
(Jurox Pty. Ltd.) was used intravenously for induction, followed by isoflurane via
intubation or mask.

Trial 1. Administration of Sodium Valproate by lntramuscular injection

Five ml of sodium valproate (0.5g/30 ml) or sterile normal saline was injected into 8
muscles of three, 5 week old, affected lambs. The valproate injections were made
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into the peroneus tertius and gluteobiceps muscles of the right hind limb and into the
extensor carpi radialis and ulnaris lateralis of the right fore limb. The same muscles
in the left limbs were injected with 5ml sterile saline. ln 2 of the lambs the injections
of valproate were made on 3 consecutive days; in the third lamb the injections of
saline (left) and valproate (right) were made on the third day only. Each injection
was given over a 1 minute period.

4 days after the first of the multiple injections and 2 days after the single injection,
biopsies were taken, under general anaesthetic, from the gluteobiceps and extensor
carpi radialis sites of both limbs in all 3 sheep. 9 days later, biopsies were taken from
the remaining 4 sites. The biopsies were 2.5 to 3 cms long and 0.5 cms in diameter.
Each biopsy was cut into 4-6 blocks and frozen in liquid nitrogen-cooled isopentane
and kept at -80 oC. Seven sections were cut from each of the frozen blocks. Sections
were stained with H&E and histochemically for glycogen phosphorylase, and
developmental myosin heavy chain (to look for evidence of regenerating fibres).

Trial 2 Enteric Administration of Sodium Valproate solution

Damage to muscle fibres by the injection in trial 1 may have resulted in expression of
phosphorylase in regenerating fibres. Therefore an enteric route of administration
was chosen for trials 2 and 3. As sheep are ruminants, it was decided to bypass the
rumen, reticulum and omasum by administering the sodium valproate directly into
the abomasum, which is the equivalent of the stomach in non-ruminants. In trial 2 the
doses of sodium valproate were given twice daily in solution via a mushroom headed
catheter which was implanted under anaesthesia into the abomasum 10 days prior to

5
Page 5 of 30

the administration of the first dose. For two days following surgery the lambs were
injected with oxytetracycline and temgesic to prevent infection and provide pain
relief. They were checked twice daily and temperatures were taken once a day.

The silicone mushroom headed catheters were implanted into the abomasum of 3
lambs at 12 days old (Group 1) and 5 lambs 12-18 days after birth (Group 2). A pretreatment biopsy was taken from the abdominal muscle of each lamb at the
implantation site during surgery (Table 1). Ten days later, blood was taken to
determine haematological and biochemical parameters. This was followed on the
same day by the first dose of sodium valproate with Epilim liquid (Sanofi-Synthelabo
Australia Pty Ltd) at a dose of 2.5mg/kg body weight twice daily for both groups. The
dose for group 1 was increased by 2.5 mg per day until 7 days later at the start of
week 2, when a dose of 10 mg sodium valproate per kg was given twice per day (i.e
20mg/kg per day). This dose regime was continued until the start of week 14 when
the dosage was increased at a rate of 2 mg/kg a day until the dose of 10mg/kg twice
per day was reached at the end of week 15. The dose of 20mg/kg twice per day was
continued until the animals were euthanased at the start of week 20. The lambs in
group 2 were given 10mg/kg twice daily until the start of week 10 when the dosage
was increased at a rate of 2mg/kg daily until a dose of 15mg/kg twice daily was
reached at the end of week 11. The concentration of valproate in the blood was
measured 10 times in group 1 and 5 times in group 2 at varying times in the trial
(Table 1).

In order to identify any toxic effects, blood was taken for biochemical and
haematological parameters. Blood samples were analysed for creatine kinase,
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gamma glutamate transferase, aspartate transaminase, bilirubin, albumin, calcium,
creatinine, glucose, protein, phosphate, urea and magnesium prior to and during
dosing. Haematological analysis was carried out for blood cell counts (WBC, RBC,
neutrophil, lymphocyte, monocyte, eosinophil and basophil) as were platelet counts
and haemoglobin estimations.

In both groups of animals, muscle biopsies were taken from muscles throughout the
trial and at post-mortem examination to test histochemically for the presence of
phosphorylase positive muscle fibres (Table 1). On the day of cannulation,
abdominal wall muscle was taken; in week 5 for group 2 and week 6 for group 1,
right extensor carpi radialis and left peroneus tertius; in week 9 group 2 and week 10
group 1 right semitendinosus, and left ulnaris lateralis, and in week 13 group 2 and
week17 group 1 right peroneus tertius. At euthanasia, extensor digitorum lateralis,
triceps, supraspinatus, gastrocnemius, gluteus medius, sternocephalicus, diaphragm
were taken.

Trial 3 Enteric administration of Sodium Valproate tablets

Treatment group
Six affected ewes that had not been used in previous treatment trials were dosed
with sodium valproate in an enteric coated tablet form (Epilim EC200 or Epilim
EC500 Sanofi-Synthelabo Pty Ltd). As lambs, 2 years earlier, small muscle samples
had been taken from 2 of the animals. The age of these ewes at the start of the trial
was between 2 1/2 and 5 years
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Control group
Six affected ewes aged 2 to 5 ½ years, were used as control animals for the walks,
haematology and clinical pathology examinations. Three years earlier 4 of these
ewes had been used in notexin experiments when biopsies were taken. Following
those trials no abnormalities, other than those associated with McArdle disease were
observed.

Cannulation

The treatment group of 6 ewes were given enteric coated sodium valproate tablets,
which were neither broken nor cracked, into the abomasum through a large Rumen
cannula A (U0615-001) with an internal diameter 19mm and a length 75 mm. Three
weeks before dosing, 4 ewes were anaesthetised and a cannula was surgically
placed into the abomasum of each ewe. One week later the remaining 2 ewes had
cannulae surgically placed into the abomasum. After surgery the ewes were injected
with oxytetracycline and temgesic every second day for a week. Temperatures were
recorded daily.

For the first 3 days after surgery the wounds were cleaned with sterile saline twice a
day and treated with chloramide antiseptic spray. A fly repellent was sprayed around
but not onto the wounds. Thereafter the wounds were cleaned once a day with
sterile saline and kept as dry as possible.
.
On the fourth day after surgery 12 affected sheep, (6 cannulated and 6 controls),
were walked. Three days later, at the start of week 1 of the trial, all 12 ewes were
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bled for biochemical and haematological parameters and the 6 cannulated ewes
were bled for lactate determinations prior to being dosed for the first time. At the
start of week 1 of the trial the cannulated ewes were also bled for lactate
determinations. The 6 control ewes were bled for lactate determinations on week 16
of the trial (Table2).

Walks

Twelve McArdle disease ewes were walked, 6 treated and 6 untreated. The five
walks took place on fine, dry days. The ewes were collected together and kept in an
area adjacent to the start of the walk for 15 to 30 minutes prior to each walk. They
were walked along a farm road which was 250 metres long, in front of a quad bike
driven at approximately 5 kilometres per hour. At the termination of the walks the
sheep were allowed to return to the paddock at their own pace.

All 12 sheep were walked 7 and 8 weeks prior to cannulation and dosing. Two
further walks in weeks 4 and 16 were carried out. In Week 16, 9 sheep were walked
following the death of 3 of the cannulated sheep (Table 2).

During the first 4 walks, the distance and time walked before going into sternal
recumbency were measured and also the time spent in sternal recumbency. In walk
5 only the distance walked was recorded. Blood was taken for measurement of
lactate immediately after walks.

Sodium Valproate Administration
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Sodium valproate was given twice a day to the 6 cannulated ewes. The doses were
separated by 7 hours. The initial dose of a 200 mg tablet was given once on the first
day of the trial followed by a 200 mg tablet twice on the next day. The dose was
increased to the full dose of 15mg/kg BW twice daily (30mg/kg daily) by the start of
the second week (Table 2).

A muscle biopsy was taken after the 6 cannulated ewes had received 3 weeks of full
dosing, and sequential bleeds were taken 3 days later. Daily dosing then ceased for
2 weeks and was resumed in week 8 at the rate of 15mg/kg twice per day. After 4
weeks on the full dose and 7 days after dosing ceased, one ewe died. 1 week later in
week 8 a second ewe died. Later in week 8 a third ewe was euthanased. A post
mortem examination was carried out on all 3 ewes.

The remaining 3 ewes were bled for sodium valproate serum levels, haematological
and biochemical parameters before dosing recommenced in week 8, with an initial
dose of 200 mg. This was increased daily to the full dose of 15mg/kg twice per day
by week 9. Sequential bleeds were again taken in week 11.

Biopsies
Biopsies were taken from the abdominal muscle during the cannulation procedure
before dosing commenced. Biopsies of the right gluteobiceps were taken at the end
of the first period of dosing (week 4). When the 3 remaining ewes were euthanased,
week 17, muscle samples were taken during the post-mortem examinations from
extensor digitorum lateralis, triceps, supraspinatus, gastrocnemius, gluteus medius,
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sternocephalicus and diaphragm.

3. Results
Trial 1
Muscle biopsies taken at 2-4 days from injected muscles are summarised in table 3.
In the muscles (right side) treated with sodium valproate, H & E staining revealed
that in 11 of 24 blocks there were cellular changes including an increase in nuclei
around muscle fibres and some separation of fibres and change in fibre size. In the
microscope field a total of 338 fibres expressing phosphorylase were observed in 2
of them. Thirteen blocks were examined from control muscles (left side) injected with
saline. In 6 of these, a similar cellular response was found and in 3 blocks, a total of
21 fibres were positively stained for phosphorylase.

Ten blocks of muscle were examined from the lamb injected once with sodium
valproate at a concentration of 1.0gm/30ml sterile saline. A cellular response was
present in 5 of the blocks and in 2 blocks a total of 119 fibres stained positively for
phosphorylase. Seven blocks were examined from the muscles injected with saline,
with a cellular response in 2 blocks and one of these 8 fibres expressed
phosphorylase.

Nine days after the injections 27 blocks were examined from the lambs given the
lower concentration of valproate. In 15 of these a cellular response was seen and in
all 7, a total of 193 phosphorylase positive fibres were found (Table 3). ln 7 of the 11
blocks examined from the animal injected with 1gm of valproate in 30ml saline a
cellular response was found and 2,668 phosphorylase positive fibres were seen in 9
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of the 11 blocks.

In sections from the lambs injected with saline a cellular response was found in 7 of
the 15 blocks. In 3 of these a total of 158 positive phosphorylase fibres were present.
ln the animal that had a single injection of saline, a cellular response was found in 3
of the 7 blocks examined with a total of 125 phosphorylase fibres.

The results indicate that administration of sodium valproate stimulates synthesis of
phosphorylase. This effect was small at 2 or 4 days but more marked at 9 days.
Some phosphorylase positive fibres were present in muscles injected with saline,
presumably following injection-related muscle damage followed by muscle
regeneration. The number of fibres positive for phosphorylase, however, was less
than with sodium valproate injection.

Trial 2
Enteric Administration of Valproate solution

GROUP 1
VALPROATE
The range of values for valproate in the blood of Group 1 animals receiving doses of
10mg/kg BW valproate twice per day was 5–20mg/L with a mean of 11.3mg/L and
for those receiving 20mg/kg BW twice per day it was 5-23mg/L with a mean of
14.9mg/L . These samples were taken 6 hours after dosing
The sequential changes in the level of valproate in the blood before dosing and at 2,
4 and 7 hours after valproate dosing were measured in the 3 animals on 2 occasions
12
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week 15 and week 21. The levels in the sequential bleeds are shown in Fig. 1a for
values taken in week 15. The highest concentration of valproate (mean 40.7mg/L)
was seen in all ewes 2 hours after dosing with 20mg/kg per day (a morning and
evening dose of 10mg/kg) and declined to 30% of this by 7 hours.
BIOCHEMISTRY
Blood was taken for biochemical estimations prior to dosing and 4, 7, 9, 11, 15 and
17 weeks later. Small deviations from the reference range (non-McArdle)
biochemical parameters were seen in all animals, but the only major changes were
elevations in CK and AST (consistent with the diagnosis of McArdle disease) and a
slight reduction in [Ca] values at all bleeds in all animals (Table 4).
HAEMATOLOGY
Changes in the haematological parameters were not common, but the mean cell
haemoglobin concentrations were below the reference range. The mean platelet
volume was intermittently above the reference range.
BIOPSIES

(Table 3)

None of the biopsies of abdominal muscles, taken prior to dosing, showed
phosphorylase positive fibres. After 4 weeks of dosing with 10mg//kg twice per day, 2
lambs (2 muscles, 2 blocks from each) were all negative but in sections from the
third lamb, 18 positive fibres were seen in 1 block from extensor carpi radialis. After
8 weeks, 2 muscles (4 blocks each from 5 muscles, 3 blocks from 1), from 2 lambs,
were negative and in a third lamb (previously negative) 21, 38, and 10 positive fibres
were found in sections from the left ulnaris lateralis. After 15 weeks of dosing with
10mg/kg twice per day and 2 weeks at 20 mg/kg twice per day, 1 muscle (4 blocks)
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was sampled from each of the surviving lambs. 4 blocks were negative for glycogen
phosphprylase and 8 positive with 1106 positive fibres in total (Table 3).

At post-mortem, 7 muscles were sampled from each of the 3 lambs. Positive fibres
were found in all 3 lambs with a total of 2991 positive fibres in 20 blocks (Table 3).
The diaphragm was negative in all 3 lambs. All lambs were in good health.

GROUP 2
VALPROATE
The range of values for valproate in the blood of the 4 Group 2 animals receiving two
doses per day of 20mg/kg valproate was 7–41 mg/L with a mean of 19.3 mg/L.
During the time that they received 30 mg/kg twice per day the range was 7-36 mg/L
with a mean of 18.9 mg/L. Changes in the level of valproate in the blood were
measured in 4 of the animals before dosing and at 2, 4 and 7 hours in week 3 after
receiving 20 mg/kg twice per day (Fig 1) and in week 15 after receiving 30 mg/kg
twice per day. The highest concentration of valproate in the blood was seen 2 hours
after dosing (mean 71 mg valproate per L of blood), in week 16. By 7 hours it had
declined to less than 20% of the original value.

BIOCHEMISTRY
Small deviations from the normal biochemical parameters were seen in almost all
those measured, but the only consistent changes were an elevation in CK and AST
values and a reduction in [Ca]. (Table 4)
HAEMATOLOGY
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Changes in the haematological parameters were not common. The mean cell
haemoglobin concentrations were below the reference range, but the cellular
haemoglobin was not. The mean platelet volume was above the reference range in
14 of the 28 samples measured and the mean platelet count was above the
reference range in 15 of the 28 samples measured.

BIOPSIES (Table 3)
The predosing biopsies of abdominal muscle in 1 block from each of the 4 lambs
were all negative for phosphorylase.
After 4 weeks dosing at 20mg/kg twice per day , the left peroneus tertius and right
extensor carpi radialis were sampled from each lamb to give a total of 29 blocks.
Blocks from 3 muscles showed cellular responses. 10 fibres positive for
phosphorylase were observed.

After 8 weeks of dosing with 20 mg/kg twice per day, 2 muscles were taken from
each of the 4 lambs (4 blocks from each muscle). 5 of 32 blocks were positive and
27 negative with 1020 positive fibres in the microscope field.

In week 15, the right peroneus tertius was taken from the 4 lambs (4 blocks each).
Of the 16 blocks 5 were positive for phosphorylase.

At post-mortem (week 18) 7 muscles were sampled from each of the 4 sheep with 4
blocks from each muscle. Positive fibres were found in all 3 sheep, with a total of
11,637 positive fibres in 43 blocks. Samples from the diaphragm were negative in 3
of the 4 sheep
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Trial 3
Enteric Administration of valproate tablets
Sodium Valproate was not detected in the pre-dosing blood samples. The range of
values for valproate in the blood of the 6 ewes after they had received 30 mg
valproate per day for 3 weeks, (twice daily doses of 15mg/kg Week 4) was 0–22mg/L
with a mean of 9.16mg/L. After they had received the second series of valproate
dosing for 1 week (week 10) the range was 0-11mg/L with a mean of 3.7mg/L; 2
weeks later the range was 0-17mg/L with a mean of 9.7mg/L; after 3 weeks of
valproate dosing the range was 0-38mg/L with a mean of 12.7mg/L
On two occasions, blood was taken from the animals before dosing and at 1.5, 3, 4.5
and 6.5 hours afterwards. In Week 5 all 6 ewes were bled, four days before the
cessation of 3 weeks of daily valproate administration (Fig 1b). Three ewes died in
week 8 and in Week 11, the 3 remaining ewes were bled during the third week of the
second period of dosing. In the first sequential bleed the range was from 0 to 44 mg
valproate /L of blood (Fig 1). The highest concentration in all ewes was seen 1.5
hours after dosing with a mean value of 28.5mg valproate per litre of blood. After 6.5
hours the mean value was 10.75 (38% of maximum).
BIOCHEMISTRY
Small deviations from the normal biochemical parameters were sometimes seen in
all animals, but the only consistent change was an elevation in creatine kinase and
AST values which was seen in all but one sample from one animal (Table 4).

HAEMATOLOGY
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The mean cell haemoglobin concentration and the cellular haemoglobin
concentration mean values were below the reference range, but the cellular
haemoglobin was not. The mean platelet volume was intermittently above the
reference range.
WALKS
The times and distances walked varied considerably in Walk 1 but were within
narrower limits for all 12 animals at Walk 2 (Fig 2). Following dosing with valproate,
the time walked remained in this range for walks 3 and 4, whereas the distance
walked increased for dosed sheep. The mean values were always greater than for
the controls (Fig 2) but this was not significantly different (P>0.1). Likewise the rate
of walking (distance/time) was slightly greater in dosed sheep but this also was not
statistically significant (P>0.1). The mean time in sternal recumbency decreased
throughout the period but values were extremely variable especially for control
sheep.

LACTATE
The mean of the lactate concentration in the blood of the 3 dosed ewes, taken after
the final walk in Week 16 was 1.10 mmol/L. This is less than the mean for the 6 nondosed control ewes taken on the day of the final walk 1.30mmol/L but greater than
the means of the values taken from the cannulated ewes on 2 previous occasions
(predosing 0.80mmol/L then 0.65mmol/L in week 9).
BIOPSIES (Table 3)
The predosing biopsies of abdominal muscle from each of the 6 ewes did not
contain phosphorylase positive fibres.
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Biopsies (4 blocks for each animal) were taken from the right gluteobiceps on the
third week of dosing with 15mg/kg valproate twice per day (7 days introductory and
18 days of full dosing). 4 ewes had a total of 1,322 positive fibres in 21 blocks.
In weeks 7 and 8 3 sheep died. At post-mortem biopsies of 7 muscles from the 3
remaining ewes were taken after 8 weeks of the second round of dosing (Table 3).
Positive fibres were found in all 3 sheep but were not found in any of the blocks
taken from the triceps, supraspinatus and diaphragm. They were most numerous in
the sternocephalicus of all 3 sheep. A total of 83 blocks were examined with a total
of 14,057 positive fibres in 16 of the blocks.
POST-MORTEM EXAMINATIONS
At the end of the trial the 3 surviving dosed ewes were in good health and at postmortem examination it was seen that the cannulation sites were well healed and the
abomasal mucous membrane was normal in all 3 ewes.

Post mortem examinations were carried out on the 3 sheep that died. One was found
with bilateral multifocal acute bronchopneumonia with extensive pleuropericarditis.
There was multifocal ulcerative abomasitis. Another was found to have a necrotic
enterocolitis and the third had abomasitis at the area adjacent to the catheter.

4. Discussion
Currently, despite a number of different therapeutic trials [14], there is no satisfactory
treatment for McArdle disease and affected people are significantly impaired in many
activities of daily living [15]. Three isoforms of glycogen phosphorylase (muscle, liver
and brain) are encoded by separate genes [16]. The muscle isoform is found
18
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normally in skeletal muscle but in McArdle disease only the brain enzyme is present
in foetal muscle and it is expressed in regenerating skeletal muscle but not in mature
muscle [1, 17,18]. Previous experiments with notexin, injections damaged skeletal
muscle fibres in McArdle sheep [12], and have been shown to produce widespread
expression of the brain isoform in regenerating muscle fibres [12]. In the present
experiments injection of sodium valproate into muscles on the right side produced
similar re-expression of phosphorylase. This was much greater than that caused by
injection of the same volume of saline into the left muscle indicating that valproate is
responsible for the increased re-expression.

Unlike notexin, valproate can be applied systemically in sheep via the abomasum.
With doses of 20-60mg/kg body weight to give a concentration in the blood similar to
those used to treat epilepsy in humans, the effects on many different muscles in
young lambs and mature ewes were observed. The maximum blood concentration
occurred at 2 hours. This fell to about 20% after 7 hours if solutions of valproate
were used; with tablets, the valproate reached a lower level in blood but was better
maintained (37% drop at 7 hours) suggesting a more satisfactory method to apply
the drug. Glycogen phosphorylase was observed in 11 of 12 muscles studied, the
exception being the diaphragm. A detailed investigation of the effects on individual
muscles in relation to muscle type would be interesting.

People with McArdle disease have muscle weakness and are unable to perform
prolonged exercise which results in buildup of lactic acid [18]. Following notexin
administration, force of contraction of individual muscles was significantly improved
[12]. There was no obvious difficulty in movement in McArdle sheep and it is difficult
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to subject sheep to prolonged vigorous exercise, but in the present experiments, an
attempt to compare walking in treated and untreated animals was made. There was
a possible improvement in treated animals but this was not statistically significant in
the small sample sizes. Furthermore no effect on blood lactate concentrations was
observed. A more rigorous exercise regime is indicated.

The health of the sheep during the administration of valproate was monitored by
measuring haematological and biochemical parameters. CK and AST were already
higher in McArdle sheep than in normal controls and these were not further
increased by valproate. There was a slight reduction in mean cell Hb but no other
changes were noted.

These experiments indicate that valproate may be a useful therapeutic strategy for
treatment of McArdle disease. A small feasibility pilot study is planned to study the
effects in people with McArdle disease and, if successful, it will pave the way for a
larger multi-centre randomised trial.

Acknowledgements
The authors thank Kim Thomas and Don Hook for the care and management of the
sheep, Professor Helen Chapman and Drs T Tan, H Rebhan for Veterinary care and
Maja Waschk for technical assistance. The work was supported by grants from the
Muscular Dystrophy Association of Western Australia.

20
Page 20 of 30

References
[1]

DiMauro S, Arnold S, Miranda A, et al. McArdle disease: The mystery of reappearing phosphorylase activity in muscle culture – a fetal isoenzyme. Ann
Neurol 3 (1978) 60-6.

[2]

Walker KR, Characterisation of the Ovine Model of McArdle’s Disease:
Development of Therapeutic Strategies. PhD Thesis, Murdoch University.
(2006).

[3]

Tan P, Allen JG, Wilton SD, et al. A splice-site mutation causing ovine
McArdle’s disease. Neuromuscul Disord 7 (1997) 336-42.

[4]

Vieitez A, Teijeira S, Fernandez JM et al. Molecular and clinical study of
McArdle’s disease in a cohort of 123 European patients. Identification of 20
novel mutations. Neuromuscul Disord 21 (2011) 817-23

[5]

Milstein JM, Herron TM, Haas JE. Fatal infantile phosphorylase deficiency. J
Child Neurol 4 (1989) 186-8.

[6]

Gorin FA, Mullinax RL, Ignacio PC, et al. McArdle’s and Hers’ diseases :
glycogen phosphorylase transcriptional expression in human tissues. J
Neurogenet 4 (1987) 293-308.

[7] Sato K, Imai F, Hatayama I, et al. Characterization of glycogen phosphorylase
isoenzymes present in cultured skeletal muscle from patients with McArdle's
disease. Biochem Biophys Res Commun 78 (1977) 663-8.

21
Page 21 of 30

[8]

Angelos S, Valberg ST, Smith BP, et al. Myophosphorylase deficiency
associated with rhabdomyolysis and exercise intolerance in 6 related Charolais
cattle. Muscle Nerve 18 (1995) 736-40.

[9]

Nogales-Gadea G, Pinos T, Lucia A, et al. Knock-in mice for the R50X mutation
in the PYGM gene present with McArdle disease. Brain 35 (2012) 2048-57.

[10] Howell JMcC, Walker KR, Davies L, et al. Adenovirus and adeno-associated
virus-mediated delivery of human myophosphorylase cDNA and LacZ cDNA to
muscle in the ovine model of McArdle’s disease: expression and re-expression
of glycogen phosphorylase. Neuromuscul Disord 18 (2008) 248-58
[11] Howell JMcC, Creed KE. An increase in strength of contraction accompanies
notexin induced re-expression of phosphorylase brain isoform in regenerating
ovine McArdle’s muscle. Myology (2008) p358
[12] Howell JMcC, Walker KR, Creed KE, et al. Phosphorylase re-expression,
increase in the force of contraction and decreased fatique following notexininduced muscle damage and regeneration in the ovine model of McArdle
disease. Neuromuscul Disord 24 (2014) 167-77.
[13] Thiagalingam S, Cheng KH, Lee HJ, et al. Histone deacetylase: unique players
in shaping the epigenetic code. Ann N Y Acad. Sci. 983 (2003) 84–100
[14] Quinlivan R. Martinuzzi A. Schoser B. Pharmacological and nutritional treatment
for McArdle disease (Glycogen Storage Disease type V). Cochrane Database of
Systematic Reviews. 12 (2010) :CD003458
[15] Quinlivan R, Buckley J, James M, et al. McArdle disease: A clinical review. J
Neurol, Neurosurg Psychiatry.81 (2010) 1182-8
22
Page 22 of 30

[16] Newgard C, Hwang PK, Fletterick RJ. The family of glycogen phosphorylases:
structure and function. Crit Rev in Biochem Mol Biol 24 (1989) 69-99
[17]. Martinuzzi A, Schievano G, Nascimbeni M, et al. McArdle’s disease. The
unsolved mystery of the reappearing enzyme. Am.J Pathol 154 (1999) 1893-7
[18] Vissing J, Duno M, Schwartz M, et al. Splice mutations preserve
myophosphorylase activity that ameliorates the phenotype in McArdle disease.
Brain 132 (2009) 1545-52

LEGENDS FOR FIGURES
Fig 1
Sequential bleeding for valproate administered through cannulae in the abomasum.
In Trial 2 sheep received 10 or 15 mg/kg BW in solution; in Trial 3 they received 15
mg/kg BW as tablets.

Fig 2
Time and distance walked by sheep treated with sodium valproate tablets compared
with untreated controls. Each point represents the mean values of 3-6 sheep. The
first 3 measurements were taken 8, 7 and 0 weeks before dosing began and
subsequently during dosing with 15mg/kg BW twice per day in weeks 4 and 16.
TABLE 1
Timelines of procedures on affected McArdle lambs. Sodium valproate solution was administered twice daily through cannulae
inserted into the abomasum

Trial 2 Group 1

Trial 2 Group 2
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Full dose

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Abdominal muscle

Abdominal muscle
+

+

+

Dosing with
increases of
5mg/kg per day

10mg/kg BW
twice per
day

Full dose

20mg/kg
BW twice
per day

3

““

4

““

+

“

5

““

+

“

+

“

R extensor carpi
radialis
L peroneus tertius

6

““

Left peroneus
tertius,

+

+

“

Right extensor
carpi radialis

7

““

8

““

9

““

+

“
“

+

+

+

“

L ulnaris lateralis
R semitendinosus

10

““

R ulnaris lateralis

Dose increased
by 2mg per day

L semitendinosus

11

““

12

““

13

““

14

Increase
dose by
2mg/day

15

Full dose

16

Heam

Dosing with
increases of
2.5mg/kg
per day

Valproate
Biochem

1

Blood taken

Cannulae in

Biopsy

dose

Cannulae in

0

2

comment

Heam

Valproate
Biochem

Blood taken

biopsy

dose

Comment

week

1

+

+

+

Full dose

30mg/kg
BW twice
per day
““

+

+

+

““

+

R peroneus tertius

““

20mg/kg BW
twice per
day

““

““

““
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17

““

R peroneus tertius

+

+

+

Euthanasia and
post mortem

““

extensor digitorum
lateralis
triceps
supraspinatus
gastrocnemius
gluteus medius
sternocaephalicus
diaphragm

18

““

19

““

20

Euthanasia
and post
mortem

““

+

+

+

extensor digitorum
lateralis
triceps
supraspinatus
gastrocnemius
gluteus medius
sternocaephalicus
diaphragm

TABLE 2
Timelines of procedures on McArdle ewes. Sodium valproate tablets were administered through cannulae inserted into the
abomasum

Trial 3

week

comment

Dose

biopsy

Valproate
Bleed

Biochem

Heamat.

(mg/kg bodyweight )

-8

walked
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-7

walked

-3
-2

4 x sheep cannulated

abdominal muscle

-1

2 x sheep cannulated

abdominal muscle

0

Walked and lactate

1

Start dosing

Day 1 – 200mg once

+

+

+

+

+

+

+

+

2 -200mg twice per day
3- 300mg twice
4 400mg twice
5 450mg twice
6 & 7 105mg/kgBW twice
2

Full dose

3

15mg/kg BW twice per day
“

4

walked and lactate

“

5

sequential bleed

“

6

Right gluteobiceps

+

No dosing

7

1 sheep died

8

2 sheep died

9

Re introduce valproate
dosing

10

No dosing

15mg/kg BW twice per day

“

+

“

+

12

“

+

13

“

14

“

15

“

11

sequential bleed

16

walked and lactate

17

Post mortem and final
biopsies

+

+

+

+

+

“
extensor digitorum lateralis,
gastrocnemius,triceps, strenocaephalicus,
supraspinatus, gluteus meduis ,
diaphragm

TABLE 3
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Biopsies taken from McArdle sheep treated with sodium valproate

Trial 1

(Injection into muscles)

Biopsy
timepoint

Muscle Biopied

2-4 days

Right Gluteobiceps

0/20

0

0

Right Extensor carpi radialis

4/14

457

8-330

Right Peroneus Tertius

8/18

309

2-159

Right Ulnaris lateralis

8/20

2552

30-889

9 days

Trial 2 – Group 1

Number of
biopsies with
phosphorylase
positive fibres

Total number of
phosphorylase
positive fibres

Range of the
number of
phosphorylase
positive fibres

(Enteric administration of valproate solution)

Predosing

Abdominal muscle

0/3

0

Week 4

Left Peroneus Tertius

0/6

0

Right Extersor carpi radialis

1/6

18

Right semitendinosus

0/11

0

Left Ulnaris lateralis

3/12

69

10-38

Week 15

Right Peroneus Tertius

4/12

1106

137-258

Week 18

Right extensor digitorum
lateralis

2/12

124

20-104

Right triceps

1/12

587

587

Right supraspinatis

1/12

2

2

Right gastrocnemius

9/12

2037

1-847

Right gluteus medius

5/12

204

19-62

Sternocaephalicus

2/12

37

7-30

Diaphragm

0/12

0

0

Week 8

(post mortem)

Trial 2 Group 2
Predosing

18

(Enteric administration of valproate solution)

Abdominal muscle

0

0
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Week 4

Left Peroneus Tertius

1/13

6

6

Right Extersor carpi radialis

2/16

4

1-3

Right semitendinosus

2/16

4

1-3

Left Ulnaris lateralis

3/16

1016

1-1013

Week 15

Right Peroneus Tertius

3/15

17

2-12

Week 18

Right extensor digitorum
lateralis

4/16

1099

3-572

Right triceps

9/16

2125

1-1155

Right supraspinatis

4/16

1028

101-514

Right gastrocnemius

8/16

4150

104-1490

Right gluteus medius

11/16

3081

1-1139

Sternocaephalicus

5/16

110

1-66

Diaphragm

2/16

44

15-29

Week 8

(post mortem)

Trial 3 (Enteric administration of valproate tablets)
Predosing

Abdominal muscle

0/6

0

0

Week 3

Right gluteobiceps

8/21

1322

2-634

Week 20

Extensor digitorum lateralis

1/12

4

4

Triceps

0/12

0

Supraspinatus

0/12

0

Gastroc

3/11

3708

Gluteus medius

1/12

2

Sternocaephalicus

11/12

10343

Diaphragm

0/12

0

524-1733

58-2741

TABLE 4
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Trial 2- Biochemistry- Group 1
CK(U/L) AST (U/L)
Reference Value

[Ca]
(mmol/L)

69-182

53-153

2.40-3.20

Mean

Mean

Mean

Pre dose

430.67

78

Bleed 1

3626.33

450.67

2.17

Bleed 2

384

232.33

2.22

Bleed 3

633

309

1.87

Bleed 4

1804.33

477.67

2.06

Bleed 5

299.67

177.33

1.94

Bleed 6

674

180.67

2.12

Trial 2- Biochemistry- Group 2
CK(U/L) AST (U/L)

[Ca]
(mmol/L)

69-182

53-153

2.40-3.20

Mean

Mean

Mean

Pre dose

1706.8

106

Bleed 1

9275,2

469.2

2.058

Bleed 2

2842.6

332

2.04

Bleed 3

888.8

379

2.18

Bleed 4

3057.8

388.8

2.175

Bleed 5

362.6

164.3

2.2225

Bleed 6

587.4

172.3

2.2125

Reference Value

Trial 3- Biochemistry blood results
CK (U/L) AST (U/L)
Reference value

69-182

53-153

[Ca]
(mmol/L)
2.40-3.20
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Mean

Mean

Mean

Pre dose

2032.80

587.00

2.45

Bleed 1

3138.60

986.67

2.45

Bleed 2

939.40

215.33

2.55

Bleed 3

546.40

341.67

2.46

Bleed 4

285.20

255.67

2.43
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