LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Myophosphorylase Deficiency (McArdle’s Disease):

Report of a Family
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SUMMARY: The clinical and biochemi-
cal findings are presented of two
brothers suffering from McArdle’s
Disease (Myophosphorylase Deficiency).
Tissue enzyme estimations and lactate
levels were done in affected and non-
affected members of the family. Af-
fected members showed absence of
phosphorylase enzyme by histochemical
and quantitative estimation. No quan-
titative abnormalities were found in
other enzyme systems of glycolytic
pathways in the family investigated.
Various other aspects of clinical fea-
tures, biochemical abnormalities and
inheritance are discussed.

RESUME: Les faits cliniques et bio-
chimiques chez 2 fréres souffrant de
la maladie de McArdle (déficience en
myophosphorylase} sont présentés.
Les analyses d’enzymes dans les tis-
sus et les niveaux de lactate furent
faits chez les membres atteints et
non-atteints de la famille. Les
membres atteints montraient une ab-
sence d’enzyme phosphorylase par
dosage histochimique et quantitatif.
Aucune anomalie quantitative fut
trouvée dans les autres systémes
d’'enzyme de type glycolitiques dans
la  famille investiguée. D’autres
aspects cliniques, biochimiques et
génétiques sont discutés.
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In 1951, McArdle described a 30
year old patient who had suffered
from painful muscle cramps on exer-
tion since childhood. Serum lactate
and pyruvate levels failed to rise after
ischemic exercise in this patient and
it was postulated that the condition
was due to a defect in glycogen
metabolism. In 1959, histochemical
studies of muscle showed that the
myopathy was associated with the
absence of the enzyme phos-
phorylase (Mommaerts et al., 1959;
Schmid and Mahler, 1959). This was
accompanied by an increased
glycogen content and an absence of
phosphorylase activity in the muscle.

Since that time, a number of
families have been described with
McArdle’s disease (Dawson et al.,
1968; Cochrane et al., 1973; Salter et
al., 1967; Bale et al., 1967; Hockaday
et al., 1964; Tobin and Coleman,
1965; Schmid and Hammaker, 1961).
This report describes an additional
family whose members include two
brothers with phosphorylase defi-
ciency.

The propositus K.W. was referred
to the Department of Neurology at
Wayne State University for evalua-
tion of his complaint of severe muscle
spasms during exercise. During his
evaluation in hospital, arrangements
were made for examination of mem-
bers of his immediate family consist-
ing of his father, mother, two
brothers and a sister. After examina-
tion all family members received an
ischemic lactate tolerance test and a
muscle biopsy. Quantitative enzyme
estimation was carried out on a fresh
frozen specimen of muscle, using the
method described by Fink et al.
(1975).

FAMILY HISTORY

The mother and father of the prop-
ositus were born in Alabama but had
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moved to Detroit following marriage
and had lived in Detroit for many
years. The father, J.W., had been
healthy all his life. He stated that one
of his brothers was a chronic al-
coholic who had died at the age of 59,
and that he had 4 sisters who are
living and healthy.

The mother, L.W., had 3 older
siblings. One brother had committed
suicide at age 50, another brother had
died following traumatic injury, and
one sister was alive but was stated to
have ‘‘kidney problems’”. L.W. also
has 4 younger siblings, 2 younger
brothers and 2 sisters, described as
healthy. There was no documented
immediate or remote relationship be-
tween L.W. and J.W. They had 9
children, 5 boys and 4 girls. One boy
died in an accident. and another boy
died of ‘‘kidney »roblems’. Five
children, one boy and four girls, are
healthy. The remaining 2 boys, K.W.
and O.W., are described in this pre-
sentation. K. W, is the father of a
healthy infant; O. W. is the father of
5 girls who are described as healthy.

None of the family members gave a
history of cramps, muscle stiffness or
myoglobinuria on direct question-
ingexcept the family members, K. W.
and O. W. (Family Pedigree Figure

1.)

CASE 1

K.W. was 21 years of age when
first seen in the Department of
Neurology, Wayne State University.
His mother noticed painful swelling
of his muscles when he was an infant.
The patient was able to recall having
severe spasms and painful swelling of
his muscles since the age of 10, after
playing and running. The swelling
and tightness was confined to the
proximal muscles and would prevent
him from continuing exercise. Once
swelling had developed in the proxi-
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mal muscles, it would last from 24
hours to 7 days.

The patient recalled that he had
passed dark colored urine on at least
4 occasions after strenuous exercise.
On each occasion he had had painful
spasms in his muscles.

K.W. stated that the pain in his
muscles had never been extremely
severe. He was never able toimprove
his exercise tolerance by repeated
exercise. He was able to run approx-
imately one block and climb three
steps without any problems. He had
never had difficulty chewing and had
never had double vision.

Physical Examination

Physical examination showed a
somewhat asthenic, nervous male
with a pronounced stammer in speak-
ing. A general physical examination
was within normal limits with a blood
pressure of 130/80 and a pulse of 80.
The neurological examination was
also normal.

Neuropsychological Testing
Wechsler Adult Intelligence Scale
testing revealed a Verbal 1Q of 84,
Performance 1Q of 75, and Full Scale
IQ of 79, placing overall intellectual
functioning at the upper end of the
borderline retardation range. K. W,
showed deficits in digital recall and
visual sequencing, suggesting bilat-
eral temporal lobe dysfunction. His
reading achievement level was only
3.9 grades as determined on the Wide
Range Achievement Test. Reitan-
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Indiana Aphasia Screening Test re-
vealed evidence of auditory-verbal
receptive language difficulty. Copy-
ing of geometrical forms was ques-
tionably to mildly impaired. It was
believed that the patient had a
chronic, static cerebral dysfunction
with diffuse cortical involvement
maximal bitemporally, and had ex-
perienced an early learning disability
of moderate severity.

Diagnostic Procedures

White blood cell count was 6,400
per cubic millimeter with a normal
differential count. Hemoglobin 14.6
grams. Sedimentation rate 25
mm/100 ml. VDRL and FTA-ABS
negative. RH factor negative. Serum

electrolytes were within normal
limits. Routine urinalysis showed ab-
sence of protein, reducing sub-
stances and bile pigment. Urine was
pegative for myoglobin. Micros-
copic examination showed oxalate
cyrstals without additional findings.
Electroencephalogram was mildly
abnormal with a 9-10 cycle/second
alpha maximal posteriorly. The alpha
activity was suppressed on the left
side where there was a low voltage
theta dysrhythmia with occasional 3
cycle/second delta activity extending
into the temporal leads. This abnor-
mality was aggravated by hyperventi-
lation.

Electromyography and nerve con-
duction studies showed a nerve con-
duction velocity of 66 m/second on
the right ulnar nerve and 50 m/second
on the left peroneal nerve. Repeated
stimulation of 5-10 stimuli/second did
not produce a decremental response.
Electromyographic examination of
muscles bilaterally in both upper and
lower extremities did not reveal any
abnormalities. It was not possible to
produce contracture on ischemic ex-
ercise for needle examination be-
cause of lack of cooperation by the
patient.

Additional biochemical investiga-
tions were carried out in this case.
The glucose tolerance test was nor-
mal. The adrenaline tolerance test
and glucagon test showed normal rise
in glucose. Serum enzymes before
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and after exercise were measured
(Table 1). Serum acid phosphatase
activity was normal.

TABLE |
SGOT LDH CPK
Before Exercise 79 145 537
After Exercise 84 152 642
Normal Upper Limit 55iu  140iu 50 iu

Serum enzyme levels in patient K. W.
before and after exercise.

An ischemic lactate tolerance test
was performed by inflating a blood
pressure cuff above the systolic
blood pressure and having the patient
exercise by squeezing a bulb for
approximately 90 seconds. Blood
specimens were collected before ex-
ercise and at intervals after exercise
and analyzed for lactate content. The
patient developed severe, painful
cramps in his hands during exercise
and complained of symptoms for ap-
proximately 10 minutes after release
of the cuff. The patient did not show
any rise in lactate level as shown in
Figure 11.
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Muscle Biopsy

Muscle biopsy was obtained from
the left quadriceps muscle and the
specimen was prepared using a fresh
frozen technique. A modified tri-
chrome stain showed that there was
no increase in internal nuclei. Muscle
fiber diameter was normal and there
was no variation in size. There were
no subsarcolemmal blebs or other
morphological changes in the speci-
men. ATPase at pH 9.4 showed good
differentiation between Type I and
Type 1l fibers. No fiber type prepon-
derance was seen. PAS stain did not
show any increase in the amount of
glycogen, although content was ele-
vated on quantitative analysis (see
Table II). There was complete ab-
sence of muscle phosphorylase en-
zyme on histochemical staining.
Quantitative enzyme data are pre-
sented in Table II.

CASE 11
O.W. is a 39 year old brother of
K.W. He first developed symptoms
of impaired muscle function when he
was 5 years old, when he noticed that

he could not keep pace with other
children. He had great difficulty
walking uphill and any type of exer-
tion produced fatigue. A few years
later he noticed painful cramps in the
muscles of the lower limbs and stiff-
ness of his muscles following exer-
tion. At age 15 he noticed that he was
passing dark burgundy colored urine.
Since that time, any strenuous exer-
cise produced painin the muscles and
was occasionally associated with the
passage of dark urine. The urine
color would always become normal
after resting for a few hours when the
tenderness in the muscles would dis-
appear.

At age 39 he had reached the stage
where any minor exertion would
produce symptoms. However, these
symptoms were occurring on a back-
ground of persistent weakness and
his exercise tolerance was markedly
decreased.

The patient was a well-nourished,
well-developed male. Blood pressure
110/80. The only abnormality de-
tected was generalized weakness in
all muscle groups. There was no

micromoles/min/gram protein

Phosphorylase b kinase

micromoles/min/gram protein

good activity

good activity

good activity

good activity

TABLE 1l
K.W. Oo.w. D.W. L.W. W,

(patient) (brother) (brother) {mother) (father)
Glycogen Content 1.46 1.42 0.74 0.58 0.63
gm/100 gm tissue
Alpha-1, 6-Glucosidase (Debrancher) 9.4 x 10°s 7.22 x 1075 438 x 1073 5.9x10-8 5.7 x 1078
micromoles/min/mgm protein
Phosphofructokinase 0.076 0.125 0.090 0.13 0.054
micromoles/min/mgm protein
Phosphohexoseisomerase 1.02 3.45 1.77 1.06 0.76
micromoles/min/mgm protein
Phosphoglucomutase 13 7.74 24 0.020 23

good activity

Phosphorylase (with AMP) not detectable | not detectable 0.83 0.43 0.45
micromoles/min/gram protein

Alpha-1, 4-Glucosidase (Acid Maltase) 0.082 1.53 0.052 0.071 0.096
Micromoles maltose hydrolyzed

min/gram tissue

Pyruvic Kinase 1.03 1.23 0.47 0.78

Quantitative estimation of the enzymes involved in glycolytic pathways.
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muscle wasting. The remainder of
the examination was unremarkable.

Diagnostic Procedures

The ischemic lactate tolerance test
was performed and was found to be
abnormal (Figure 11).

Muscle Biopsy

Muscle biopsy was obtained from
the left quadriceps muscle and
showed complete absence of phos-
phorylase activity on quantitative es-
timation of muscle enzymes. (The
results of other studies are shown in
Table II).

Quantitative Estimation of Muscle
Enzymes in Family Members

Muscle biopsies were obtained
from 3 members of the family, from
K.W. and from his brother O.W. The
specimens were analyzed by the
techniques previously described.
(Fink et al, 1975). The results of
analysis for enzyme content are
shown in Table II.

DISCUSSION

A perusal of the literature shows
that 48 patients with myophos-
phorylase deficiency have been de-
scribed to date. There are 8 female
and 40 male subjects. Family studies
indicate consanguinity in some cases
(Cochrane et al, 1973); (Rowland et
al, 1963). A tendency to muscle
cramps after exercise has been noted
in some of the unaffected members of
the families described, which has
been suggested to indicate a carrier
trait (Dawson et al, 1968). In addi-
tion, it has been shown (Bank et al,
1972) that in heterozygous individu-
als the phosphorylase enzyme activ-
ity of muscle is reduced to about half
normal using an immunological tech-
nique (Schmid and Mahler, 1959).
These findings indicate an autosomal
recessive mode of inheritance in
myophosphorylase deficiency.

The male preponderance which is
so apparent in the total group of
patients described suggest
heterogenity (Howell et al, 1972) but
could also be explained on the basis
of sample bias or differential expres-
sion of the defect in males and
females.

Myophosphorylase deficiency
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presents with muscle stiffness and
pain after exercise. These symptoms
are often associated with myog-
lobinuria and are always associated
with lack of rise of lactate on is-
chemic exercise testing. A number of
other conditions can mimic this syn-
drome, including phosphofruc-
tokinase deficiency (Tauri et al,
1965), phosphohexoisomerase defi-
ciency (Satoyoshi and Yowa, 1967),
and amylo-1, 6-glucosidase defi-
ciency (Brunberg et al, 1971). These
conditions were eliminated in the
study of the 2 patients described in
this article by quantitative estimation
of muscle enzymes which showed the
single enzymatic abnormality of ab-
sence of myophosphorylase activity
{Table II). There are, however, pa-
tients reported in which there is a
partial deficiency of myophos-
phorylase (Fattah et al, 1970). In.all
cases the normal blood glucose re-
sponse to subcutaneous injection of
adrenalin and intravenous injection
of glucagon indicate that the hepatic
phosphorylase activity is normal.
These enzymes are known to be
under different genetic control. The
high muscle glycogen content shown
in the 2 affected individuals in this
series and the specific enzyme de-
ficits are compatible with results of
studies in other reported cases (Row-
land et al, 1966).

The stiffness, cramping and weak-
ness on exertion seen in patients with
myophosphorylase deficiency is due
to impaired glycogenolysis. This de-
fect cannot be compensated by glu-
cose input via the hexokinase path-
way. An increase in phosphorenol-
pyruvate carboxykinase activity has
been reported in patients with
myophosphorylase deficiency and it
is thought that this increase in en-
zyme is probably a compensatory
phenomenon (Nolte and Scholl-
meyer, 1973). One patient described
in this presentation was found to
have elevated fructose 1-6 phosphate
aldolase and phosphorylase b kinase
activity which may also be aresponse
to phosphorylase deficiency.

It has been suggested that there are
three stages in the course of this
disease (Schmid and Mahler, 1959).
The first stage consists of easy
fatigability appearing in childhood.
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The second stage is associated with
cramps and myoglobinuria and is
often seen in patients within the ages
of 20 and 40 years. The third stage is
ysually seen after the age of 40 years
when there is a cessation of myog-

lobinuria but increased muscle

weakness on exertion. This weakness
may be so profound that it appears to
be present at all times as described in
the elder subject, O.W., in this fam-
ily. Animprovement in performance,
described as the second-wind
phenomenon, has been described in
some cases but did not occur in the
patients in this series (Pernow and
Jennings, 1967; Pearson et al, 1961).

Both patients reported episodes of
myoglobinuria after strenuous exer-
cise. This occurs in about half of the
patients described in the literature
before the age of 18 years and has
been associated with renal failure
(Fattah et al, 1970; Grunfeld et al,
1972; Bank et al, 1972). It is thought
that the elevated muscle enzymes
measured after exercise and the
myoglobinuria may be the result of
cell membrane injury (Salmon and
Turner, 1965).

Electromyography is a helpful
diagnostic procedure in this condi-
tion (Dyken et al, 1967). The contrac-
tures produced after exertion are
electrically silent. The diminished
number of motor unit potentials and
their increased size which has also
been reported has raised the possibil-
ity of a neuropathic process in
myophosphorylase deficiency
(Upton et al, 1973). Supramaximal
repetitive stimulation at 18/second or
higher may show detrimental re-
sponses in the evoked potentials in
some cases.

The patients in this report did not
reveal any abnormalities on elec-
tromyography. Muscle contractures
could not be produced because of
lack of cooperation by the patients.
Nerve conduction velocities were
within normal limits. Electroence-
phalographic abnormalities have
been noted in some patients and there
are said to be some associations be-
tween myophosphorylase deficiency
and seizures (Salmon and Turner,
1965). Patients reported here did not
have seizures but were found to have
abnormal electroencephalograms

Myophosphorylase Deficiency
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and abnormal neuropsychological
test results. It is possible that there is
a common etiological basis for the
electroencephalographic abnor-
malities and the muscle membrane
abnormalities in this condition.

ACKNOWLEDGEMENTS:

Mr. Pat Hefferan provided expert technical
assistance.

Dr. Bernard A. Bast provided the neuro-
psychological evaluation of patient K. W.

REFERENCES
BALE, P.,, HAMMET, J. F. and NEALE, F.
C. (1967) Histopathology of McArdle's dis-
ease in a family. Path. Bact. 94:293-300.
BANK, W. J.; DiIMAURO, S., ROWLAND,
L. P. (1972). Renal failure in McArdle's
disease. New Eng. J. Med. 287:1102.
BANK, W. J., DIMAURO, S., ROWLAND,
L. R., MILESTONE, R. (1972). Heterozy-
gotes in muscle phosphorylase deficiency.
Trans. Amer. Neurol. Assoc. 97:179-182.
BRUNBERG, J. A., McDORMICH, W. F.
and SCHOCHET, S. (1971). Type III
glycogenesis. Arch. Neurol. 25:171-178.
COCHRANE, P., HUGHES, R. R., BUX-
TON, P. H. and YORKE, R. A. (1973).
Myophosphorylase deficiency (McArdle's
Disease) in two interrelated families. J.
Neurol. Neurosurg. Psychiat. 36:217-224.

DAWSON, D. M., SPONG, F. L. and HAR-

RINGTON, I. F. (1968). McArdle's disease:

lack of muscle phosphorylase. Ann. Int.
Med. 69:229-235.

DYKEN, M. L., SMITH, D. M., and
PEAKE, R. L. (1967). An electromyog-
raphic diagnostic screening test in
McArdle's disease and a case report.
Neurology (Minneap.) 17:45-50.

Mahmud et al

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

FATTAH, S. M., RUBULIS., A., and
FALOON, W. W, (1970). McArdle's dis-
ease: metabolic studies in a patient and
review of the syndrome. Amer. J. Med.
48:693-699.

FINK, A. A., HEFFERAN, P. M. and HOW-
ELL, R. R. (1975). Enzymatic characteriza-
tion of the Avian glycogen body. Compara-
tive Biochem. and Physiol. 50B: 525.

GRUNFELD, J. P., GANEVAL, D..
CHANARD, J., et al (1972). Acute renal
failure in McArdle's disease: report of two
cases. New Eng. J. Med. 286: 1237-1241.

HOCKADAY, T. D. R., DOWNEY, J. A.,
and MOTTRAM, R. F. (1967). A case of
McArdle’s disease in a family. Path. Bact.
94:293-300.

HOWELL, R. RODNEY, “The Glycogen
Storage Diseases,”” STANBURY, JOHN
B., WYNGAARDEN, JAMES B., FRED-
RICKSON, DONALD S., The Metabolic
Basis of Inherited Disease. Third Edition,
U.S.A.: McGraw Hill, Inc., 1972.

McARDLE, B. (1951). Myopathy due to a
defect in muscle glycogen breakdown. Clin.
Sci. 10:13-35.

MOMMAERTS, W. F. H. M., ILLING-
WORTH, B., PEARSON, C. M., GUIL-
LORY, R. J. and SERAYDRAIAN, K.
(1959). A functional disorder of muscle as-
sociated with the absence of phosphorylase.
Proc. Nat. Acad. Sci. 45: 791-797.

NOLTE, J. and SCHOLLMEYER, P. (1973).
Metabolic: adaptation in muscle of phos-
phorylase deficiency (McArdle's disease).
Klin Wschr. 51: 250-251.

PERNOW, B. B.,R.J. and JENNINGS. D. B.
(1967). The second wind phenomenon in
McArdle's syndrome. Acta Medica Scan-
dinavica, Supple. 472: 294-307.

PEARSON, C. M., RIMER, D. G., and
MOMMAERTS. W.F.H.M. (1961). A
metabolic myopathy due to absence of mus-
cle phosphorylase. Amer. J. Med. 30:
502-517.

https://doi.org/10.1017/50317167100025701 Published online by Cambridge University Press

ROWLAND, L. P.. FAHN, S. and SCHOT-
LAND, D. L. (1963). McArdle's disease:
hereditary myopathy due to absence of
muscle phosphorylase. Arch. Neurol. 9:
325-342.

ROWLAND, L. P., LOVELACE. R. E..
SCHOTLAND, D. L.. ARAKI. S. and
CARMEL, P. (1966). The clinical diagnosis
of McArdle's disease. Neurology 16:
93-100.

SALMON, S. E. and TURNER,. C. E. (1965).
McArdle’s disease presenting as convulsion
and rhabdomyolysis. Amer. J. Med. 39:
142-146.

SALTER, R. H., ADAMSON, D. G. and
PEARCE, G. W. (1967). McArdle's syn-
drome (myophosphorylase deficiency): a
study of a family. Quart. J. Med. 36:
565-578.

SATOYOSHI, E. and KOWA, K. (1967). A
myopathy due to glycolytic activity. Arch.
Neurol. 17: 248.

SCHMID. R. and MAHLER., R. (1959).
Chronic progressive myopathy with myog-
lobinuria: demonstration of glycogenolytic
defect in the muscle. J. Clin. Invest. 38:
2044-58.

SCHMID, R. and HAMMAKER, L. (1961).
Hereditary absence of muscle phos-
phorylase (McArdle's syndrome). New.
Eng. ). Med. 264: 223-225.

TAURI. S.. OKUNO, G., IKURA, Y.,
TANAKA, T., SUDA., M. and
NISHIKAWA, M. (1965). Phosphofruc-
tokinase deficiency in skeletal muscle. A
new type of glycogenesis. Biochem.
Biophys. Res. Commun. 19: 517-523.

TOBIN, R. B. and COLEMAN, W_ A (1965).
A family study of phosphorylase deficiency
in muscle. Ann. Int. Med. 62: 313-335,

UPTON, A. R. M., McCOMAS. A. J. and
BIANCHL, F. A. (1973). Neuropathy in
McArdle’s syndrome. New Eng. J. Med.
289: 750.

AUGUST 1976 - 179


https://doi.org/10.1017/S0317167100025701



