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Combined partial deficiency of muscle carnitine
palmitoyltransferase and carnitine with autosomal
dominant inheritance
VICTOR IONASESCU*, GEORGE HUGt, AND CHARLES HOPPELt

University ofIowa Hospitals*, Children's Hospital Research Foundation Cincinattit and the Veterans
Administration Hospital Cleveland:

SUMMARY The authors studied a 53 year old woman and her 22 year old son with episodes of
paroxysmal muscle cramps and dark urines lasting several hours related to high fat diet and
strenuous physical exercise beginning on both at age 14 years. The father, paternal uncle, paternal
grandfather and another son of the mother also had paroxysmal muscle cramps. The two studied
cases showed normal findings for physical evaluation, blood lactate after ischemic exercise, and
muscle histology (light and electron microscopy). The serum creatine kinase was elevated in the son
and normal in the mother. However, 72 hour fasting significantly raised the serum creatine kinase
level in both cases. Plasma concentration of ketone bodies and acid soluble acyl-carnitine increased
normally with prolonged fasting. The biochemical evaluation of the muscle tissue revealed intact
anaerobic glycolysis and normal glycogen content but combined partial deficiency of muscle carnitine
palmitoyltransferase and carnitine in both cases.

Severe paroxysmal muscle cramps usually re-
present a feature of defective glycogen muscle
metabolism such as deficiency of muscle phos-
phorylase and phosphofructokinase. They may
be accompanied by myoglobinuria. Myoglobinuria
and atypical muscle complaints have also been
reported in cases with deficiency of carnitine
palmitoyltransferase (CPT) in skeletal muscle.'-3
We report below two related patients with
paroxysmal muscle cramps and partial deficiency
of both muscle CPT and carnitine. This disease is
inherited as an autosomal dominant trait in four
generations.

CASE REPORT
Case I A 53 year old woman experienced
episodes of muscle cramps since she was
14 years old. These occurred every three to
four weeks, manifested as moderate aching in
the muscles of the legs, arms or both. The muscle
cramps were related to strenuous physical
activity such as long walks, climbing in the
mountains or dancing for many hours. One of
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the worst episodes occurred when she was 25
years old during a dance competition, where she
danced for the whole night. The muscle cramps
were more frequent and severe during her five
pregnancies. High fat diet could also induce
these muscle cramps but with milder intensity.
There was no weakness accompanying the
muscle cramps. Several episodes of paroxysmal
pains were followed by the passage of dark
brown urines lasting for one to two days. Her
family history shows that her father, a paternal
uncle, paternal grandfather and two of her sons
(fig 1) also experienced paroxysmal muscle
cramps and dark urines. Her father and paternal
uncle also had a liver condition which was
diagnosed as hemochromatosis on the basis of a
liver biopsy. The frequency and intensity of her
episodes of muscle cramps had significantly
decreased for the last three years when the
patient avoided strenuous physical activity and
had a low fat diet.
Her past medical history was noncontributory.

She was a slightly overweight patient with no
neurological abnormality and had good muscle
strength.
Case 2 A 22 year old patient, son of Case 1,
had the 4linical onset of his condition at
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Fig 1 Pedigree showing autosomal dominant
inheritance of the condition with patients in four
generations.

14 years of age like his mother. He noticed
severe muscle cramps and weakness in his legs
during wrestling in contrast to earlier years when
he was able to wrestle with several consecutive
partners in a row without getting tired. On
several occasions he has voided dark coloured
urine. Initial frequency of the paroxysmal muscle
cramps was one to two per week. There was a

significant drop in the number and regularity
of these episodes after the patient discontinued
wrestling. The duration of muscle cramps has
also decreased from 24 hours to 30 minutes,
without accompanying weakness or dark urine.
The high fat diet as in his mother could also
induce cramps in his extremities.

Past medical history was noncontributory.
Examination showed a normal male of an athletic
build.

Methods

Muscle samples from left vastus lateralis were
frozen in liquid nitrogen immediately after biopsy
and stored in a liquid nitrogen container until
used. Carnitine and carnitine palmitoyltransferase
were measured according to the method of
Pearson et al,4 Crabtree et al.5 Glycogen and
phosphorylase were measured by Hug procedure.'
Debrancher enzyme was measured by the method
of Hers.7
Metabolic studies with fasting: The patients
were fasted for 72 hours and blood samples were

obtained three times daily for the determination
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of carnitine by the procedure of Brass and
Hoppel,8 plasma free fatty acids by the procedure
of Dole,9 beta hydroxybutyrate and acetoacetate
by the procedure of Cahill et al,10 and creatine
kinase (CK) by the procedure of Szasz.11 Control
subjects matched for age and sex were fasted for
the same period of time and with the same

methods by Hoppel (unpublished observations).
Muscle histology: A portion of the muscle biopsy
was fixed for three hours in 3 % glutaraldehyde in
0- 1 M phosphate buffer at pH 7 4 for electron
microscopy. Tissue blocks were stained with 2%
uranyl acetate in 10% ethanol before dehydration
and embedding. Standard techniques were used
for the preparation of thick and thin sections.
Sections were stained with uranyl acetate and
lead citrate and examined in a Siemens 101
electron microscope. Tissue was also processed
for paraffin sections and histochemical study of
frozen sections.

Results

Table 1 shows a partial deficiency of muscle CPT
in both cases. The enzyme was decreased by 390/,
in Case 1 and 40% in Case 2. A partial deficiency
is also present for muscle carnitine which was

decreased by 59% in Case and by 67% in
Case 2. In contrast glycogen concentration and
glycolytic compounds showed normal values in
both cases. There is good agreement between
these data and the forearem ischaemic exercise

Table 1 Muscle biochemical findings

Control Case 1 Case 2

Carnitine palmitoyltransferase 387 7 ± 69 96 249 234
(nmoles/g wet weight)
Carnitine 3,890 4: 1,170 1,610 1,270
(nmoles/g wet weight)
Glycogen concentration <1 S5% 0 63 053
(percent/wet weight)
Phosphorylase 47 7 ± 13 2 59 0 80 7
(jsmoleP/min/g tissue)
Debrancher enzyme 2,490 3,920 4,957
(cpm/mcg glycogen/g/hr)

Table 2 Serum and plasma biochemical findings

Control Case I Case 2

Serum cholesterol (mg/dl) 160 ± 46 228 224
Serum triglycerides (mg/dl) 120 ± 40 305 170
Plasma free fatty acids (liE q/L) 524 ± 211 602 1,000
Plasma:

Carnitine (nmoles/ml) 365 7-3 45-6 46 8
Acid soluble acylcarnitine 58 3-2 9 6 6 6
Acid insoluble acylcarnitine 4-2 ± 1 60 6-9
Total carnitine 465 ± 92 61 2 60 3
Radioactively labelled carni-

time (nmoles/ml whole
blood/min) 17 4 i 24 6.7 17 4
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Fig 2 Effect of prolonged fasting on the serum
creatine kinase.

which showed normal increases of lactate and
pyruvate for both cases.
Table 2 shows decreased radioactively labelled
carnitine in Case 1, but normal values in Case 2.
Case 1 showed a 250% increase in serum
triglycerides while Case 2 showed values at the
upper normal limit. Both cases showed normal
values for serum cholesterol. Plasma free fatty
acids are within normal limits for Case 1 but
90% elevation for Case 2. Serum CK showed
normal values in Case 1, but significantly higher
values in Case 2. The fasting prompted an
abnormal increase in serum CK in both cases
(fig 2). The fasting showed a normal increase in
beta hydroxybutyrate (fig 3), acetoacetate and
free fatty acids.
The muscle histology (light and electron

microscopy) showed normal muscle structure
without any accumulation of lipids. The liver
tests (SGOT, SGPT) showed normal values.
The evaluation of the urine could not detect
myoglobin in a cramp free period in both
patients.

Discussion
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Partial deficiency of muscle CPT was first des-
cribed by Hostetler et al12 in a 28 year old patient
with recurrent myoglobinuria and atypical
muscle complaints. The enzyme in their case was
decreased by 54%. The decrease in enzymatic
activity in our cases was 39% for Case 1 and
40% for Case 2. Partial deficiency of muscle
carnitine has not yet been reported in un-
damaged muscle. The decrease reached 59% in
Case 1 and 67% in Case 2. Case 1 also showed
a significantly low level of radioactively labelled
carnitine in whole blood (table 2). The un-
usual combination of partial deficiency of
muscle CPT and carnitine might represent a
new disease with different inheritance from
CPT and carnitine deficiency. It is interesting
that although the biochemical findings show
a more severe deficiency for carnitine than
for CPT, the clinical findings fit more the
picture of CPT deficiency. Both patients show
paroxysmal muscle cramps, accompanied by
dark brown urine suggesting myoglobinuria
although we couJd not confirm this. In Case 2,
muscle weakness occurs also at the time of
muscle cramps. Both patients show muscle
cramps in conditions of strenuous physical exer-
cise like the other cases of CPT deficiency.'-3
In addition, they show muscle cramps with high
fat diet which are controlled by an adequate
change in their food intake. The physical

Fig 3 Effect of prolonged fasting on
beta-hydroxybutyrate.
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evaluation between the episodes of muscle
cramps showed normal findings in both our

patients with no evidence of myopathy. The
light and electron microscopy did not reveal any

alterations of muscle structure or accumulation
of lipids which again resembles most of the cases

with CPT deficiency. The biochemical evaluation
of the muscle tissue revealed intact anaerobic
glycolysis and normal glycogen content (table 1).

Seventy-two hours fasting significantly raised
the serum CK level (fig 2) in both cases as

previously reported in CPT deficiency by Hostetler
et al'2 and Carrol et al.3 Plasma concentra-
tion of ketone bodies (fig 3) and acid soluble
acyl-carnitine increased normally with prolonged
fasting in contrast to the cases described by
Bank et all3 where ketone production was con-

siderably reduced suggesting a decreased level
of CPT in th-e liver in addition to its low muscle
level.

All cases reported with carnitine or CPT
deficiency were either sporadic or showed de-
finite autosomal recessive inheritance.'4 These
are the first reported cases with combined CPT
and carnitine deficiency which show autosomal
dominant inheritance supporting the concept of
a different disease. The association of paroxys-
mal muscle cramps and haemochromatosis in
two previous cases from the same family is
interesting. However, the role of haemochroma-
tosis in the pathogenesis of this disease seems

to be limited since our patients do not show
signs of haemochromatosis and their liver func-
tional tests were normal.

This work was supported by United States
National Institutes of Health Grants RR 05535-17
and RR 00123.
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