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The Syndrome of Carnitine Deficiency: Morphological 
and Metabolic Correlations in Two Cases 

G. SCARLATO, G. PELLEGRINI, C. CERRI, G. MEOLA, AND A. VEICSTEINAS 

SUMMARY: Two cases of systemic car
nitine deficiency are described. In both 
patients, carnitine concentration was 
lower than normal in serum and muscle 
tissue. In the first case, the illness began 
at age 35; the clinical manifestations 
were only muscular. In the second case, 
the illness began in childhood; there were 
intermittent episodes of hepatic en
largement and coma. An excessive lipid 
content was present in muscle tissue, 
especially in type I fibers, of both cases, 
and in the liver of the second patient. 
Ultrastructural studies of muscle tissue 

RESUME: Nous decrivons deux cas de 
deficience systemique en carnitine. Chez 
les 2 patients les concentrations de car
nitine etaient plus basses que la normale 
dans le serum et le tissit musciilaire. Pour 
le premier cas la maladie debute a I'age 
adulte et les manifestations cliniques 
sont limitees aux muscles. Le deuxieme 
cas, a evolution fat ale, commence dans 
Venfance avec episodes intermittents 
d'hypertrophic' hepatique et de coma. Le 
tissu musciilaire des 2 patients contenait 
tin exces de lipides, surtout dans les fibres 
de type I. Lefoie du second cas etait aussi 
infiltre. Les etudes au microscope 
electronique du muscle demontrent 
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revealed important changes of mito
chondria. 

During muscular exercise, aerobic and 
anaerobic metabolism were in vestigated. 
For a given relative work intensity, these 
patients showed abnormally high blood 
lactic acid concentration and lactic 
acid/pyruvic acid ratios. These data, to
gether with the morphological alterations 
observed in mitochondria, suggest an 
impaired function of the respiratory 
chain, leading to a shift of the red/ox 
potential of the tissue towards a non re
duced state. 

d'importants changements dans les 
mitochondries. 

Nous avons investigue le metabolisme 
aerobique et anaerobique durant 
l'exercise musciilaire. II fill ainsi montre 
que pour un travail d'intensite donnee ces 
patients out line concentration d'acide 
lactique sanguin et un rapport acide 
lactiquejacide pyruvique anormalement 
eleves. Ces donnees, ainsi que les 
alterations morphologiques des 
mitochondries suggerent tine atteinte de 
la chaine respiratoire avec line modifica
tion du potentiel Redox du tissit vers 
I'etat non reduit. 

INTRODUCTION 
In 1973, Engel and Angelini first 

described a lipid storage myopathy 
related to a deficiency of serum and 
muscular carnitine. Since then, a few 
cases have been published (Markes-
bery et al., 1974; Vandyke et al., 
1975; Karpati et al., 1975; Smyth et 
al . , 1975; Angelini et al . , 1976; 
Boudin et al., 1976; Isaacs et al., 
1977; Cornelio et al., 1977; Engel et 
al., 1977). From these studies, it is 
possible to recognize two types of 
carnitine deficiency myopathy. In 
the first type, the defect is systemic; 
the final step of carnitine biosyn
thesis in liver cells is blocked, and the 
serum level of carnitine is lower than 
normal. In the second type, carnitine 
biosynthesis is preserved and serum 
concentration is within normal limits, 
but carnitine transport across cell 
membrane in various tissues such as 
skeletal muscle, cardiac muscle, 
Schwann's cell, and leukocytes is 
impaired. Histochemical and ultras
tructural studies of muscle have de
monstrated an accumulation of lipid 
material associated with mitochon
drial changes of number, size, shape, 
and structure. This is a clinical and 
morphological report of two cases of 
systemic carnitine deficiency, one of 
which was fatal. In both patients, 
aerobic and anaerobic (lactacid) 
metabolism have been studied, to
gether with some hematochemical 
parameters, during exercises of in
creasing loads. This elucidated the 
relationship between the morpholog
ical and biochemical pattern. 

CASE REPORTS 
Case 1: CM., male, 35 years old. In 

November, 1974, the patient complained 
of sudden proximal weakness in the lower 
limbs, which increased with exercise. 
This worsened in the following months so 
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that walking became difficult. In view of 
the elevated serum creat inephos-
phokinase (SCPK), glutamic-oxalacetic 
transaminase (SGOT) glutamic-pyruvic 
transaminase (SGPT), and a myogenic 
electromyogram (EMG), polymyositis 
was diagnosed. Treatment with corticos
teroids was started, but without im
provement in strength. The weakness 
progressed, involving the upper limbs 
both proximally and distally, and cramps 
appeared in the calves during exercise. 
The patient was admitted to the Depart
ment of Neurology of Milan University in 
October, 1975. 

On admission, the neurological exami
nation revealed weakness and fatigue in 
the four limbs, proximally, even after 
slight exercise. Lesser weakness was 
present distally. The strength of facial, 
palatal and neck muscles was normal. 
There were no sensory deficits. Physical 
examination was otherwise normal. Fam
ily history showed no consanguinity bet
ween his parents. 

Laboratory Results 
The following were within normal 

limits: blood urea, fasting blood glucose, 
erythrocyte sedimentation rate, hemo-
gram, glucose tolerance test, serum elec
trolytes, protein electrophoresis, choles
terol, triglycerides, total lipids, lipopro
tein electrophoresis. SCPK was elevated 
(201 my/ml, normal range for our laborat
ory up to 50), SGOT was 75 mp/ml (nor
mal up to 12), SGPT 46mn/ml (normal up 
to 8), and lactic dehydrogenase (LDH) 
1810 m^/ml (normal up to 250). Serum 
carnitine was 1.48 nM/ml (normal values: 
2.5-7nM/ml). Electrocardiogram, chest 
radiography, and electroencephalogram 
were all normal. Electromyography of 
the left quadriceps, left biceps, and left 
tibialis anterior was carried out. There 
was no fibrillation. On voluntary effort, 
motor unit potentials were of short dura
tion, small amplitude and polyphasic, but 
in some areas potentials of great amp
litude and increased duration were also 
found. On maximal activity, a reduced 
recruitment of the motor unit potentials 
was observed in the quadriceps and 
tibialis anterior muscles. Motor nerve 
conduction velocity was normal in the left 
median nerve (55.8 m/sec), but was mod
erately reduced in the left common 
peroneal nerve (43.9 m/sec). 

Treatment with D-L carnitine (3g/day 
per os) was started. About fifteen days 
later, the patient began to improve in 
strength. Three months later he was able 
to start work again. 

Case II: P.T., male, 12 years old. This 
patient was born after a full term preg

nancy and normal delivery. Milestones of 
his development were normal until three 
years of age, when a mild weakness in the 
lower limbs became evident. Three years 
later, the weakness worsened, especially 
in the muscles of neck, limb girdle and 
trunk, and walking became difficult. 
There was a spontaneous improvement in 
the weakness for six months, but at seven 
years of age he became anorexic and the 
muscular weakness worsened again. 
Some months later there was another 
spontaneous recovery of muscular 
strength. At 11 years, he was hospitalised 
with vomiting followed by stupor, coma 
and severe hypoglycemia. On this occa
sion the patient had an enlarged liver; he 
was considered to have a glycogenosis 
type III. His clinical status improved 
spontaneously and he remained in good 
health until March, 1976, when there was 
a gradual increase in muscular weakness 
in the four limbs and neck. He was admit
ted to the Milan University Neurology 
Department. Family history showed no 
consanguinity between his parents, and 
the brother and sister were normal. 

On admission, the patient was 150 cm 
high and weighed 33 kg. His muscles were 
hypotrophic, proximally in the upper 
limbs and distally in the lower ones. 
Strength was impaired in all limbs: the 
weakness was severe in the upper limb-
girdle and also in the tibialis anterior and 
peroneus longus and brevis muscles. The 
muscles of the face and neck were also 
weak, especially orbicularis palpebralis, 
flexors of the neck and, s terno-
cleidomastoideus. The muscles were 
hypotonic; the deep tendon reflexes were 
depressed on the right side and moder
ately brisk on the left side. Abdominal 
reflexes were absent bilaterally and the 
Babinski sign was present bilaterally. He 
had moderate lumbar lordosis and a 
waddling gait; Gower's sign was nega
tive. The liver was palpable four cm 
below the costal margin. The spleen was 
not palpable. The heart was not enlarged. 

Laboratory Results 
The following tests were within normal 

limits: blood urea, fasting blood glucose, 
erythrocyte sedimentation rate, glucose 
tolerance test , serum electrolytes , 
cholesterol, triglycerides, total lipids, 
bilirubin, serum creatine-phosphokinase, 
serum glutamic-oxalacetic transaminase, 
serum glutamic-pyruvic transaminase, 
serum aldolase, blood clotting tests (par
tial prothrombin time, prothrombin time, 
fibrin polymerization time). The follow
ing tests were abnormal: hemogram 
( r . b . c : 3,900,000/mm3; w . b . c : 
4,500/mm3; Hb: 11.5 g/!00 ml; Ht: 32.8: 
N: 12%, E: 2%; L: 81%; M: 5%); lactic 

dehydrogenase: 635 mjj/ml (normal up to 
250 mfi/ml); acid phosphatase: 17 m/i/ml 
(normal up to 11 m^t/ml); alkaline phos
phatase: 219 mU/ml) (normal up to 170 
mu/ml); prothrombin activity: 60%; fatty 
free acids 0.83 M% (normal: 0.09-0.6 
M%); serum electrophoresis: albumin 
56%, globulin oil 1.7%, globulin Oil 
13.8%, globulin B 14.6%, globulin a 
13.9%; serum carnitine: 1.30 nM/ml 
(normal: 2.5-7 nM/ml). X-rays of cranium 
and thorax were normal. EEG showed an 
excessive amount of theta and also delta 
activity in the occipital regions, espe
cially in the left cerebral hemisphere. 
Electromyography of the right quad
riceps, right biceps, and right tibialis an
terior at rest showed no fibrillation. On 
voluntary effort, motor unit potentials 
were of short duration, small amplitude, 
and polyphasic; afull interference pattern 
was often obtained, even during a slight 
contraction. Motor nerve conduction 
velocities were normal and repetitive 
stimulation revealed no electrical im
pairment of neuro-muscular transmis
sion. 

One month after admission there was a 
sudden worsening in the patient's condi
tion. He vomited repeatedly and within a 
few hours became confused. The liver 
was greatly enlarged and the subsequent 
day he became comatose and died. 

M A T E R I A L S A N D M E T H O D S 

Muscle biopsies 

B i o p s y s p e c i m e n s of g a s t r o c 
nemius muscle were obtained from 
both pat ients . Port ions were frozen 
and kept at —80°C until carni t ine 
levels were determined by the Fritz 
and Marquis method (1963). Cryostat 
sections were prepared and a series 
of h is to logica l and h i s t ochemica l 
r eac t ions per formed (hematoxyl in 
a n d e o s i n , mod i f i ed t r i c h r o m e , 
nicotinamide adenide nucleotide de
h y d r o g e n a s e ( N A D H ) , succ in ico-
dehydrogenase (SDH) , ATPase at a 
p H of 9 .4 , 4 .6 4 . 3 ; P A S , p h o s -
phorylase , acid phosphatase , Oil red 
O. A sample of muscle tissue was 
fixed in 2 . 5 % g lu ta ra ldehyde buf
fered at p H 7.4 with cacodylate buf
fer for 20 hours at 4°C and post-fixed 
in 2% buffered osmium te t roxide . 
The material was then embedded in 
Spurr . The thin sect ions for electron 
microscopy were stained with uranyl 
acetate and lead ci trate. 
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Nerve biopsy 
In case I, a biopsy of the sural 

nerve was performed. The specimen 
was treated for electron microscopy 
as the muscle sample. 

Liver biopsy 
In case II, a liver biopsy was ob

tained by a percutaneous needle 
puncture for histological and his-
tochemical study (Oil red O; PAS; 
hematoxylin and eosin). 

Exercise tests 
Subject C M . — Exercise tests 

were carried out on a bicycle ergome-
ter (Monark-Crescent AB, Varberg, 
Sweden) at a work load of 300 
kpm/min. The load was about 60% of 
the subject's maximal aerobic power 
(VO2 max), indirectly measured 
(Margaria et al., 1965) in a separate 
session. The effort was maintained 
without any subjective discomfort 
for about 30 minutes. Four normal 
subjects of about the same an
thropometric characteristics and 
training condition volunteered as 
controls. 

Subject P.T. — As extended exer
cise on the bicycle was not possible, a 
bench 20 cm high was preferred as an 
ergometer. The subject performed 
full knee bends at the bench for 5-7 
minutes at a rate of 10, 15 and 25 
times/min. following a rhythm im
posed by a metronome. The exercise 
intensities were about 0.4-0.5 and 0.7 
VO2 max, respectively. (Margaria et 
al., 1965). Normal values previously 
collected were used (Scarlato et al., 
1977) as controls. 

At rest and at 10 min intervals for 
patient C M . (last minute of exercise 
for subject P.T.) the expired air was 
collected in a spirometer. Subse
quent analysis of O2 and CO2 con
centrat ions (Polarographic O2 
analyzer, Instrumentation Laborat
ory, Milan, Italy and infrared CO2 
meter, Godart N.V., De Bilt (U), 
Holland) were performed to calculate 
oxygen consumption (VO2) by the 
conventional open circuit method. 
Furthermore, in subject C M . VO2 
was determined in the first 2 hours of 
recovery at 30 min intervals. Venous 
blood samples were taken from the 
cubital vein, at regular intervals, dur
ing the 30 min exercise for patient 
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Figure I—Presence of numerous vac
uoles in one type of muscule fiber. 
Hematoxylin-Eosin. Original magnifi
cation 100 x. 
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Figure 2—Subsarcolemmal collections of 
rimmed material with Gomori's stain. 
Original magnification 250 x. 
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Figure 3—Small groups of angulated and 
hypotrophic fibers in case two. Tric-
hrome Gomori 250 x. 

C M . For patient P.T., blood was 
drawn 5 min after the end of each 
exercise period, according to the 
procedure of Margaria et al. (1963). 
The concentration of the following 
metabolites was determined in blood: 
glucose, lactic acid, pyruvic acid, 
free fatty acid and ketone bodies. 
Heart rate was measured by an elec
trocardiograph. 

RESULTS 
Histology and Histochemistry of 
muscle biopsy 

With hematoxylin-eosin and mod
ified Gomori trichrome stains, two 
types of fibers could be distinguished 
in both cases: one appeared normal, 
while the other contained numerous 
abnormal empty spaces (Figure 1) 
and, sometimes, a subsarcolemmal 
collection of red material, giving the 
appearance, with Gomori stain, of 
ragged red fibers (Figure 2). In the 
first patient (CM.) , there were also 
small groups of hypotrophic and an
gulated fibers (Figure 3). Connective 
tissue and blood vessels were nor
mal. ATPase reactions showed that 
small vacuoles occurred in most type 
I fibers (Figure 4); in the first case 
some vacuolated fibers were of type 
II (Figure 5). These vacuoles stained 
positively with ORO and SBB, indi
cating the presence of neutral fat and 
acid lipids (Figure 6); SDH and 
NADH reactions showed increased 
activity, especially in the subsar-
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Figure 4—Small vacuoles are present 

only in type I fibers. ATPase reaction, 
pH 9.4. Original magnification 100 x. 
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Figure 5— A few vacuoles are present 
also in type II fibers. Case one. ATPase 
reaction, pH 9.4. Original magnifica
tion 250 x. 

coiemmal areas (Figure 7). Histo-
graphic analysis demonstrated in 
both cases more than 70% of gastroc
nemius and vastus lateralis muscle 
fibers were of type I (Figure 8 and 9). 
In the second patient (P.T.), both 
fiber types were atrophic, especially 
the first type (Figure 9). 

Ultrastructure 
Ultras t ructure examination 

showed collections of vacuoles of 
variable size in the majority of type I 
fibers. These vacuoles were gener-

Figure 6— Accumulation of lipid droplets 
in type I fibers. Oil-Red O reaction. 
Original magnification 250 x. 

ally empty, often bounded by a rim of 
osmiophilic material, sometimes 
showing coalescence, giving the ap
pearance of lipid droplets. They were 
arranged in clusters or in parallel 
rows both below the sarcolemmal 
membrane and in the intermyofibril-
lar spaces. The myofibrils were often 
disrupted and displaced (Figure 10). 
In both cases, there were clusters of 
mitochondria in subsarcolemmal and 
intermyofibrillar regions, associated 
with lipid vacuoles (Figure 11), some
times containing paracrystalline in-

Figure 7—Increase of NADH activity 
below sarcolemmal membrane. Origi
nal magnification 250 x. 

elusions (Figure 12). These 
mitochondria were often abnormal in 
shape and size; mitochondrial ab
normalities were also present in some 
fibers which did not exhibit accumu
lations of lipid droplets . Lipid-
mitochondrial abnormalities were 
often associated with an increase in 
glycogen granules, especially in case 
two (Figures 13 and 14). 

Liver biopsy 
Histological examination in case 

two revealed a large number of vac-
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Figure 8— Muscular histogram of case one. 
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g&fc -
Figure 10—Accumulation of lipid droplets between myofibrils 

and beneath sarcolemmal sheath. Note crystalline inclusions 
in some mitochondria. Original magnification 12500 x. 

Figure II—Cluster of mitochondria in subsarcolemmal regions. 
Original magnification 6800 x. 

uoles of various size in liver cells, 
especially at the periphery of the 
hepatic lobule. These vacuoles were 

J§# 

Figure 12—Accumulation of mitochon
dria with crystal-like inclusions. Origi
nal magnification 12500 x. 

strongly positive to Oil Red O reac
tions, thus demonstrating an accumu
lation of lipidic material (Figure 15). 

Nerve biopsy 
In the first patient, the ultrastruc-

tural examination of the sural nerve 
revealed a moderate loss of myelin 
sheaths; no significant abnormality 
was noted inside the cytoplasm of 
Schwann's cell. 

Biochemical investigations 
In both cases, the concentration of 

serum and muscle carnitine was de
termined according to the method 
described by Di Mauro et al. (1973), 
with minor modifications. The fol
lowing values were found: 

case I 
case II 

controls 

plasma 
(nM/ml) 

1.48 
1.30 

muscle 
(nM/mg 

prot.) 

2.75 
2.50 

2.50-7.00 9.00-18.00 

Metabolic and biochemical re
sponses to exercise 

Case 1 (CM.) — The oxygen con
sumption at rest, during 35 min of 
exercise, and in the following 120 min 
of recovery, together with the cor
responding lactic acid concentrations 
in blood are given in Figure 16. After 
the sudden initial increase, VO2 
tended to be constant, within the 
normal range, for the entire remain
ing period of exercise, indicating a 
steady state in respect to VO2. Dur
ing recovery, a sudden decrease of 
VO2 took place within a few minutes, 
with resting conditions for the next 2 
hours. After about 10 min of exer
cise, the heart rate became 145 b/min 
(same figure); it increased slightly 
thereafter, reaching about 155 b/min 
at the end of exercise. This continu
ous increase after the first min of ex
ercise can be attributed to a rise of 
core temperature as a result of the 
exercise (Mostardi et al., 1974). Dur
ing recovery, the heart rate returned 
to resting values within 5-10 min. 
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Figures 13 and 14—Excess of glycogen between lipid droplets and mitochondria, both in intermyofibnllar and subsarcolemmal 
regions. Original magnification 12500 x. 

Similar findings are usual in normal 
sedentary subjects. The respiratory 
quotient (CO2 production/62 con
sumption) rose from 0.82 at rest to 1.1 
during the whole period of exercise, 
returning to resting values after 10 
min of recovery. The lactic acid con
centration in blood (same figure) 
showed a sudden increase of about 30 
mg% in the first 5 min of exercise 
(i.e., 6 mg% per min). After this ini
tial rise, the blood L.A. concentra
tion increased at a slower rate (2.5 
mg% per min) until the end of the 
exercise. This rate of accumulation 
of L.A. in blood was equivalent to an 
energy yield of about 50 ml Ch/min 
(Margaria et al., 1963). The time 
course of the disappearance of L.A. 
from the blood in recovery was 
within the normal range (t ¥2= 15-18 
min). Blood pyruvate, from normal 
resting value, reached a plateau after 
20 min of exercise at a level slightly 
higher than expected for this work 
intensity. After exercise , blood 
pyruvate returned to resting levels in 
about 90 min. The LA/PA ratio, 

which was about 30 at rest, rose pro
gressively during the working period 
to an upper value of about 60 at the 
end of the exercise (Figure 18). These 
LA/PA values, particularly those ob
served at the end of exercise, seem 
extremely high, especially in view of 
the relatively low exercise level. 

Blood glucose concentrat ion, 
which was normal (75 mg%) at rest, 
showed a transient initial increase, 
followed by a continuous decrease 
until the end of the exercise (70 
mg%). It increased again in recovery 
to a peak about 80% higher than rest
ing after about 1 hour. This is the 
opposite of what may be expected in 
normal subjects. The FFA concent
ration (80MM%) at rest) was practi
cally unchanged during the entire 
period of exercise and for the first 30 
min of recovery. A marked increase 
in FFA (up to 120^M%) took place 
about 1 hour after the end of the exer
cise, again at variance with the nor
mal. Ketone body concentration, 
from a resting value of 0.31 mg%, 
doubled during exercise, decreased 

to about normal values during the ini
tial recovery period and increased 
again (to 0.70 mg%) about 60 min 
after the end of exercise. 

Case 2 (P.T.),— The O2 uptake 
above resting (AVO2 ml/min) and the 
L.A. accumulation rate in the body 
(ALA mg% per min) together with 
the sum of the two (^Ch + ^Ch LA, 
the L.A. being converted to its O2 
equivalent (Margaria et al., 1963) are 
indicated in Figure 17 as a function of 
the intensity of exercise (in 
kpm/min). Within the investigated 
range, both VO2 and L.A. production 
increased linearly with the work 
load. These blood L.A. concentra
tions were about 2-4 times larger than 
in normal subjects for similar inten
sities and durations of exercise. The 
absolute value of overall energy ex
penditure ( ^ 0 2 + VO2 LA) was 
within the upper normal range for this 
intensity of exercise. The respiratory 
quotient rose from a value of 0.93 at 
rest to 1.06-1.16 during exercise, in
dependently of the work intensity. 
During recovery, it returned to rest-
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Figure 15—Accumulation of lipid drop
lets of various size in liver cells, espe
cially at the periphery of the hepatic 
lobule. Oil-Red 0. Original magnifica
tion 100 x. 

ing values within 10 min. Steady state 
heart rate increased from 113 b/min 
(lightest exercise) to 160 b/min. 

DISCUSSION 
Some differentiating features of 

our cases must be emphasized. In the 
first patient, muscular weakness 
began in adult life; there was no mus
cular hypotrophy, but great fatigabil

ity and early muscular exhaustion 
even after slight exercise. Cramps 
were present during exercise and 
suggested a metabolic myopathy. 
The pattern of muscular weakness 
was predominantly proximal with 
myopathic distribution. The course 
of the illness was favorable and the 
treatment with carnitine led to a 
progressive recovery of muscular 
strength. 

In the second case, the disease 
started in childhood; the symptoms 
and signs were those of a generalized 
disease, with afluctuating course and 
intermittent acute episodes of hypog
lycemia, coma and vomiting; notable 
hepatic enlargement and elec-
troencephalographic modifications 
were also present. In this case, the 
course of the illness was unfavorable 
and the patient died after an episode 
of hypoglycemia and coma. 

The contrast between the two clin
ical pictures was striking, especially 
if the overlap of muscle histopathol-
ogy and the lowering of serum and 
muscular carnitine is considered. 
However, it is evident from the pub
lished cases of lipid storage disease 
with carnitine deficiency that such 
different clinical pictures might have 
similar biochemical and his-

topathological alterations. In the ma
jority of patients, the illness began in 
childhood (Van Dyke et al., 1975; 
Karpatietal., 1975; Banket al., 1975; 
Boudin et al., 1976; Angelini et al., 
1976; case 2 of Cornelio et al., 1977; 
Engel et al., 1977), but it can , as in 
our first case, begin in adult life 
(Markesbery et al., 1974; case 1 of 
Cornelio et al., 1977; Isaacs et al., 
1976) or in adolescence (Engel and 
Angelini, 1973; case 3 of Cornelio et 
al., 1977). The involvement of differ
ent organs and tissue is also ex
tremely variable; only muscular 
(Angelini et al., 1976; Isaacs et al., 
1976), hepatic and muscular (Engel 
and Angelini, 1973; Markesbery et 
al., 1974), cardiac (Van Dyke et al., 
1975), or generalized (Karpati et al., 
1975; Cornelio et al., 1977; and Engel 
et al., 1977). In the latter condition, 
the course of the illness may be fatal 
(Cornelio et al., 1977; Engel et al., 
1977). The wide range of clinical 
manifestations seems to be an impor
tant feature of this syndrome; it could 
be the expression of different penetr
ance of the pathogenic gene, but a 
second unknown metabolic defect, in 
addition to carnitine deficiency, can
not be excluded. 

The muscle biopsies showed a 
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Figure 16—Oxygen consumption (VO2, ml/min) and blood lactic 
(L.A., mg%) and concentration during 35 min of exercise and 
150 min of recovery. Heart rate (h.r.) is also indicated at 
regular intervals (Case 1, subject C. M.). 
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Figure 17—02 consumption over resting value (A^02, ml/min) 
and rate of lactic acid increase in blood (ALA, mg/100 ml per 
min) as a function of the intensity of the exercise (in kgm/min). 
Heart rate values are also shown. The continuous line labelled 
as VO2LA gives the O2 equivalent of L.A. accumulated in 
the body, calculated from Margaria et al. (1963). Dashed line 
(VO2 + VO2LA) indicates the overall energy consumption 
given as O2 equivalent. 
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Figure IS— Lactic acid/pyruvic acid ratio (LA/PA) as a function of lactic acid blood 
contraction (L.A. mg%). Continuous lines indicate the relationship found during 
exercise, while the full dots give the same values during recovery. Dashed area shows 
the values for controls and during heavy exercise (Margaria et al., 1963). The lines 
radiating from the origin indicate the pyruvic acid blood concentration (in mg%). 

clear distinction between two kinds 
of fibers; the first was within normal 
limits, the second exhibited an ac
cumulation of neutral fat in sub-
sarcolemmal and intermyofibrillar 
spaces. In the second patient, these 
pathological fibers were all type I, as 
in the case described by Karpati et al. 
(1975), Angelini et al (1976), and 
Isaacs et al. (1976). In the first pa
tient, slight collections of lipid drop
lets were also present in some type II 
fibers, as observed by Engel and 
Siekert (1972) and Van Dyke et al. 
(1975). The most obvious reason for 
this selective storage of lipid material 
is that type I fibers are probably more 
dependent on lipid metabolism for 
energy demand than type II (Engel 
and Siekert, 1972). 

In the first case, trophic changes 
were minimal, perhaps due to the re
cent onset of the disease. In the sec
ond case, there was clear atrophy of 
both types of fibers. This was more 
evident in type I, in line with the pre
ferential storage of neutral fats in this 
type of muscle fiber. Many of these 
abnormal fibers stained red with 
Bomori ' s t r ichrome, especially 
under the sarcolemmal membrane 
similar to "ragged-red fibers". The 
presence of numerous ragged-red 

fibers was first reported by Karpati et 
al. (1975). 

In both patients, the clear type I 
predominance as demonstrated by 
histographic analysis is surprising. 
This finding is difficult to explain in 
relation to the selective storage of 
lipid material in these fibers. Pre
dominance of type I fibers is also re
ported by Slavin et al. (1975) in a case 
of neutral lipid storage disease with 
ichthyosis, and by Cornelio et al. 
(1977) in an analogous case without 
ichthyosis. In both our patients, there 
was also an alteration of topographic 
distribution of the muscle fibers, with 
a ' ' type grouping'' supporting the ex
istence of a neurogenic involvement. 
This was also suggested, at least in 
the first case, both histologically 
(Figure 3) and by EMG examination. 
The neurogenic involvement is not 
entirely surprising since Markesbery 
et al. (1974) demonstrated lipid drop
lets in Schwann's cell of the sural 
nerve. 

In addition to lipid storage, the ul-
trastructural examination showed 
collections of mitochondria under 
sarcolemma and between myofibrils, 
giving the appearance of'' pleioconial 
m y o p a t h y " (Shy et al . , 1966). 
Mitochondria of various size and 

shape in isolation or groups, with 
paracrystalline inclusions were also 
visible. These morphologic changes 
of mitochondria have been observed 
with increasing frequency in recent 
years (Boudin et al., 1976; Isaacs et 
al., 1977; Engel et al., 1977) and are 
an important feature of the ultras-
tructural pathology of this myopathy. 
As far as the origin of these inclusions 
is concerned, it must be stressed that 
carnitine is an essential cofactor in the 
transfer of long-chain fatty acids to 
mitochondria, where they are oxidized 
by the process of betaoxidation (Fritz 
and Yue, 1963; Newsholme and Start, 
1973). Hence, it may be suggested 
that an alteration in mitochondrial 
metabolism, arising from a carnitine 
deficiency, could be responsible both 
for mitochondrial proliferation and 
for the presence of crystal-like sub
stances inside the mitochondria. 

Cytochemical studies by Bonilla et 
al. (1975) prove that crystalline inclu
sions are inactive structures devoid 
of some enzymatic activities, such as 
cytochrome C oxidase and carnitine 
acetyltransferase. Because serum 
carnitine was below normal values in 
both patients and, at least in the sec
ond case, there was marked liver en
largement with lipid storage, it seems 
likely that the carnitine deficiency 
arose from impaired biosynthesis in 
the liver cells. 

During exercise, the amount of Ch 
consumed per unit time in both pa
tients, in relation to the intensity of 
the exercise was within the expected 
range. The production of lactic acid 
was appreciably increased. This is 
probably due to an impairment in the 
utilization of fatty acids as fuel, as 
indicated by the large droplets found 
in muscle. In line with this interpreta
tion are: 

1) the decreased blood glucose 
concentration during exercise, at 
least in case 1, indicating an in
creased glucose utilization by the 
working muscle, and 

2) a high respiratory quotient, in 
spite of normal ventilation. 

The overall energy output (aerobic 
and lactacid) appears to be higher 
than in controls. This, together with 
the mitochondrial alterations ob
served in muscle fibers, may indi
cate, according to Di Mauro et al. 
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(1973), Sulaiman et al. (1974), and 
Schotland et al. (1976) an alteration 
or loss of some enzymes of the tricar
boxylic cycle, a decrease in respirat
ory rate, and a reduction in ATPase 
activity. This suggest a "loosely 
coupled" oxidative phosphorylation. 
Furthermore, the mitochondrial alt
erations observed (Figures 10, 11, 12) 
may be responsible for the abnor
mally high LA production in these 
patients compared to the controls. If 
this is true, a fraction of the total 
amount of ATP necessary for muscu
lar contraction must be provided in 
the extra mitochondrial space, i.e., 
by glycolytic enzymes. Such a 
mechanism is also supported by simi
lar findings during muscular exercise 
in oculo-cranio neuromuscular dis
ease (Reske-Nielsen et al., 1976; 
Scarlato et al., in press), a pathologi
cal condition where the same 
mitochondrial alterations in muscle 
fibers also occur. 

More direct evidence along these 
lines is provided by the higher 
LA/PA for a given LA concentration 
observed in these patients (Figure 18) 
compared to the normal values found 
in controls as reported by Margaria et 
al. (1963). As the LA/PA ratio is a 
measure of the red-ox state of the 
tissue, the above findings suggest 
that in these patients the respiratory 
chain is impaired, leading to an ab
normal accumulation of reduced 
NAD in the cytoplasma and hence to 
an abnormally high LA concentra
tion, in respect to the PA concentra
tion. 

The overproduction of LA in this 
disease could also be explained by 
the hypothesis of Childress et al. 
(1966) on the metabolic function of 
carnitine in the fatty acid oxidase de
ficient flight of the blow-fly. These 
authors found that carnitine affects 
carbohydrate utilization, increasing 
the rate of oxidative decarboxylation 
of pyruvate to acetyl-CoA. A car
nitine deficiency could determine an 
increase in pyruvate and, hence, lac
tic acid. This hypothesis, however, 
does not explain the abnormal 
LA/PA ratios observed in these pa
tients. It would be interesting to test 

the effect of carnitine on carbohyd
rate metabolism in man, since we 
noted, ultrastructurally, an increase 
in glycogen granules in our second 
patient's muscle tissue. 
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