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Chronic alcoholic skeletal muscle myopathy: a

clinical, histological and biochemical assessment of
muscle lipid
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SUMMARY Muscle biopsy samples were analysed from five control subjects, four patients with
mild to moderate fibre atrophy and four patients with severe atrophy. Patchy increase in lipid was
noted with oil red 0 staining but there was no consistent association of lipid with selective fibre
types. Ultrastructural studies demonstrated lipid droplets both subjacent to the sarcolemma and
between fibrils.

Quantitative analysis showed that the increased lipid was solely due to excess triglyceride. GLC
analysis of free and esterified acids was performed. The profiles were essentially similar for the
phospholipid and free fatty acid fractions. The triglyceride fraction showed a decrease of myris-
tate, stearate and linoleate with an increase in oleate and arachidate in the alcoholic tissue
compared with control. The cholesteryl ester fraction showed an increase in palmitate with a

decrease in stearate and oleate in the alcoholic muscle.
The accumulation of lipid correlated with mean daily alcohol consumption but not with degree

of atrophy suggesting that the two processes probably had different pathogenic mechanisms.

Chronic skeletal muscle myopathy, independent of
peripheral neuropathy, is now well recognised in
alcoholic patients. Several reports have commented
on the increased skeletal muscle lipid in these
patients at the ultrastructural level.' However, there
has been no comprehensive biochemical analysis of
these lipids. We have therefore studied the skeletal
muscle lipids in a group of chronic alcoholics with
skeletal myopathy and compared them with biopsies
from patients with histologically normal muscle.
Clinical and histological findings were correlated
with a qualitative and quantitative assessment of
skeletal muscle lipid with recently developed mic-
roanalytical techniques.2

Material and methods

Eight alcoholics who had histological evidence of
skeletal myopathy and who had been drinking at
least 100 g ethanol daily for at least three years were
studied. Control specimens came from seven
patients under investigation for symptoms sugges-
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tive of muscle disease but in whom subsequent
investigation revealed no histological evidence of
myopathy. A full clinical assessment of the patients
was made with particular reference to muscle weak-
ness and ethanol consumption. Ethanol intake was
assessed by patient enquiry and confirmed, where
possible, by a cohabitant.

After an ovemight fast, biopsies were obtained
with a modified Bergstrom needle (4.5 mm diame-
ter) from the vastus lateralis at a standard site in the
mid thigh.3 The procedure was performed under
local anaesthesia with an incision through the skin
and deep fascia. All biopsies were taken within the
first five days of patient hospitalisation. A portion,
approximately 10 mg, of the fresh biopsy was stored
at -20°C in 0-15 mol/l NaCI for lipid analysis. The
remaining tissue was processed for light and electron
microscopy.

LIPID ANALYSIS
A portion of the muscle biopsy was blotted and
rapidly weighed on a torsion balance. The tissue was
homogenised at 4°C in 0.75 ml, 0*15 mol/l NaCl by
15 strokes of a Duall homogeniser (Kontes Glass

778

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.36.7.778 on 1 July 1983. D
ow

nloaded from
 

http://jcp.bmj.com/


Chronic alcoholic skeletal muscle myopathy

Table 1 Summary of clinical, pathological and biochemical data ofpatients studied

Patent Sex Age (yr) Atrophy score Muscle Mean ethanol Muscle Type II muscle Weight
(type II fibres) weakness consumption triglyceride fibre area (%o)

during preceding (,unollmg DNA) Height2
year (glday)

1 F 50 5 0 0 6-9 47-9 26-8
2 F 34 34 0 150 30-3 41-6 22-1
3 M 47 51 0 0 33-6 46-2 23-4
4 M 38 102 0 0 14-1 46-0 18-8
5 F 33 117 0 120 17-5 38-1 19-0
6 M 34 120 0 30 10.9 48-0 22-4
7 M 68 142 0 0 11-4 44-4 27-6
8 M 43 171 0 200 59 7 37-2 23-2
9 F 63 223 + + 160 41-0 27-4 22-1

10 F 45 325 + 200 96-0 33-0 22-5
11 M 61 344 + + 100 71-6 44-4 22-4
12 M 44 570 ++ 160 57-2 41-6 24-6
13 M 38 584 + 200 57-0 35-2 20-6
14 M 57 680 + 200 80-4 35-7 28-1
15 F 62 1080 ++ 150 55 0 33-2 18-8

Co. Vineland, NJ, USA). An aliquot of 0-25 ml
homogenate was taken for DNA estimation4 and the
remainder used for lipid extraction.

Total phospholipid, free fatty acid, triglyceride
and free and esterified cholesterol were separated by
thin layer chromatography and quantified, with the
use of an internal standard, by specific chemical mic-
roassays. Fatty acid esters of the major lipids were
transmethylated and measured by gas liquid
chromatography.5 Although we were unable to
measure total esterified cholesterol by the chemical
method, gas liquid chromatography was sufficiently
sensitive to determine the proportions of various
fatty acid esters in the cholesteryl ester fraction.

LIGHT MICROSCOPY
Muscle biopsies were processed as previously
described.6 Sections were studied with a variety of
stains including haematoxylin and eosin, oil red 0
and myosin Mgtt-ATP-ase, pH 9-4.7 Mg++-
ATPase sections were studied with a Magiscan
image analysis system8 combined with an interactive
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computer programme to enable determination of
atrophy factors for each fibre type.9

Results

Individual results are summarised in Table I with
patients ordered according to type II fibre atrophy
score. An atrophy score greater than 150 in men and
200 in women is considered abnormal and indicative
of significant type II fibre atrophy.9 All patients who
had been drinking at least 100 g ethanol daily had an
abnormal atrophy score and all, except patient 8,
exhibited muscle weakness. There was no correla-
tion between muscle triglyceride and atrophy score.
However, a highly significant positive correlation
was found between muscle triglyceride content and
ethanol consumption (Fig. 1). All patients were clin-
ically well nourished with no overt signs of vitamin
deficiency. The Quetelet index $ [kg/M2]) was
calculated for each patient and provides further evi-
dence of their nutritional status [normal range (20-
25 kg/M2)].'0

Fig. 1 Graph correlating ethanol consumption with
muscle triglyceride for all patients (n = 15) 1 1.
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Fig. 2 Section ofalcoholic myopathic tissue stained
for lipid with oil red 0. Variable distribution of lipid
can be seen in many fibres. x 380.

MICROSCOPY
Staining with oil red 0 demonstrated an excess of
lipid droplets between and within fibres (Fig. 2). Ser-
ial sections to determine the localisation of lipid
within -fibres usually demonstrated a random dis-

* tribution of lipid in both fibre types. However, in
some biopsies it was apparent that there was a prefe-
rential accumulation of lipid within non-atrophic
type I fibres. At the ultrastructural level the lipid
droplets accumulate between myofibrils and adja-
cent to the sarcolemma (Fig. 3).

MAJOR LIPID CLASSES OF MUSCLE
Results are summarised in Table 2. In control tissue
50% of the muscle lipid was phospholipid, 25% tri-
glyceride, 18% free fatty acid and 4% cholesterol.
No cholesteryl ester was detected by the technique
which has a sensitivity of <0 1 gmollmg DNA.
Alcoholics with myopathy showed an increase in
total lipid that was entirely accounted for by tri-
glyceride. Concentrations of free fatty acids and free
cholesterol were similar to controls and, although
total phospholipid appeared to be decreased in
myopathic tissue, the difference did not reach statis-
tical significance. Results of the lipid ester analysis
for moderate and severe myopathy were grouped
together since the findings in both groups were simi-
lar.

* w ..."-

Fig. 3 Electron micrograph of
;.4:>>a>>tX -. --- alcoholic myopathic tissue.

Lipid droplets can be seen
it '^:<t rX immediately subjacent to the
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Table 2 Measurement ofmajor lipids in human quadriceps muscle

Cholesterol Free fatty acid Triglyceride Phospholipid Total lipid

Controls n = 7 2.55 + 0-36 11-8 ± 2-2 17-8 ± 3-6 33.5 ± 4.5 65-7 ± 6-4
(atrophy score < 150)

Moderate alcoholic myopathy n = 4 2-33 ± 0-43 9-78 ± 1-43 67-1 ± 9-9*** 22-3 ± 2-37 101 + 12-0*
(atrophy score 150-400)

Severe alcoholic myopathy n = 4 2-47 + 0-30 13-0 ± 0-5 62-4 ± 5-2*** 25-0 ± 5-1 108 + 9-2**
(atrophy score 400-1200)

Lipid expressed as mean ± SEM (ILmoVmg DNA).
Statistical analysis by Student's t test: *p < 0-01; **p < 0-0025; ***p < 0-0005
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PHOSPHOLIPID FATTY ACID ESTERS (FIG. 4)
The major phospholipid fatty ester was palmitate
(16:0) which contributed approximately 35% of the
total fatty acid esters. The proportion of arachido-
nate (20:4), approximately 10%, was highest in this
lipid fraction. Proportions of all the phospholipid
fatty acid esters in myopathic tissue were similar to
those found in normal muscle.
The double bond index:saturated fatty acid ratio

for myopathic tissue was not significantly different
from normal muscle, 1-59 and 1-62, respectively.
This ratio is obtained by dividing the double bond
index, that is, the sum of the products of the percen-
tage of each unsaturated fatty acid and the number
of double bonds by the percentages of saturated
fatty acids.

FREE FATTY ACIDS (FIG. 5)
Palmitate (16:0) was the major free fatty acid com-
prising approximately 60% of the total. Except for
the proportion of oleate, which was significantly
diminished in the alcoholic group, the proportions of

le (n=5I 1
tolKc myopathy (n=8|

Fig. 4 Phospholipid fatty acid composition
ofnormal and myopathic tissue. Results show
mean + SEM for five control and eight
myopathic samples.

C20:0 C20:4

free fatty acids were similar in both patient groups.

TRIGLYCERIDE FATTY ACID ESTERS (FIG. 6)
In contrast to the other lipid classes, oleate (18:1)
was the major triglyceride fatty acid ester, compris-
ing approximately 40% of the total fatty acid esters.
Several significant differences were found in the
proportions of fatty acid esters between myopathic
and normal muscle. Proportions of myristate (14:0),
stearate (18:0) and linolenate (18:3) were
significantly diminished and there was a significant
increase in the proportions of palmitate (16:0), ole-
ate (18:1) and arachidate (20:0) in the alcoholic
group.

CHOLESTERYL ESTERS (FIG. 7)
There were differences in proportions of some fatty
acid esters between myopathic and normal muscle.
The proportion of palmitate (16:0) in myopathic tis-
sue was markedly greater than that found in normal
muscle whereas proportions of stearate (18:0) and
oleate (18:1) were diminished.

70-
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50- * p<0 05

~50
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Fig. 5 Free fatty acid composition ofnormal
and myopathic tissue. Results show mean +
SEM for fwe control and eight myopathic
samples; statistical analysis by Student's t test.
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Fig. 6 Triglyceride fatty acid
composition ofnormal and
myopathic tissue. Results show
mean + SEM for five control
and eight myopathic samples;
statistical analysis by Student's t
test.
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Fig. 7 Cholesteryl ester fatty acid
composition ofnormal and myopathic tissue.
Results show mean + SEM for five control
and eight myopathic samples; statistical
analysis by Student's t test.
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Discussion

This study has demonstrated that triglyceride is the
major accumulating lipid in skeletal myopathy
associated with chronic alcoholism and that there
are differences in the fatty acid composition of the
triglyceride and esterified cholesteryl fractions in
normal and myopathic tissue. We found no differ-
ences in the proportions of free fatty acids nor phos-
pholipid fatty acid esters. Triglyceride accumulation
correlated with ethanol consumption but not with
the degree of type II fibre atrophy suggesting that
lipid accumulation was not directly related to fibre
damage.
There was a highly significant decrease in the

proportions of linolenate, stearate and myristate
esters of the triglyceride fraction and a significant
increase in the proportions of oleate and palmitate.
This depletion of some fatty acid esters is relative to
the proportion found in normal muscle and does not
indicate an absolute depletion since we found an
overall increase of muscle triglyceride in myopathic
tissue. In contrast to linolenate, the other essential
fatty acid linoleate was not decreased in myopathic
muscle. It is unlikely that the decrease in linolenate
is due to a technical artefact since proportions of
other triglyceride unsaturated fatty acids were either
greater or similar to that found in normal muscle.
Oxidation would have affected other unsaturated

fatty acids leaving the saturated fraction intact and
thus increasing their proportion.

Experimental studies have demonstrated that
ethanol interferes with the active transport of
sodium and potassium ions by striated muscle'2 but
it seems unlikely that uptake of linolenate, which
probably occurs by diffusion,'3 14 should be impaired
when linoleate concentrations are unchanged. The
two series of essential fatty acids, w6 and co3, are
derived from linolenic and linoleic acids and there is
no interconversion between the two series. The
increase in endogenously synthesised triglyceride
fatty acid esters, palmitate, oleate and arachidate, is
probably secondary to the slight but significant
decrease in linolenate. In contrast to triglyceride,
the proportion of the cholesteryl linolenate was
unchanged and oleate decreased. Since we were
unable to quantify total cholesteryl ester we cannot
say whether absolute amounts of individual fatty
acids in this lipid fraction differed between
myopathic and normal muscle.
A number of pathophysiological explanations can

be offered for the reported changes in triglyceride.
Firstly, the accumulation of triglyceride in
myopathic tissue might be due to increased activity
of the enzymes involved in its synthesis. However
despite some evidence for this in hepatic triglyceride
accumulation,'5 there is no evidence that this occurs
in muscle. Ultrastructural observations have sug-
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gested that mitochondrial damage occurs in
alcoholic myopathy.'6 Since fatty acid oxidation
occurs in mitochondria, such damage provides an
alternative explanation for the triglyceride accumu-
lation, particularly in type I fibres. However, despite
these ultrastructural changes, studies of mitochon-
drial marker enzyme activities in these patients have
indicated no defect of certain functions of this
organelle.'" It is therefore possible that the
pathogenesis of triglyceride accumulation in the
type I mitochondrial-rich fibres differs from that in
the type II fibres which are deficient in mitochondria
relying almost exclusively on anaerobic glycolysis as
an energy source.
An accurate assessment of the essential fatty acid

intake by our patients was not established. It is poss-
ible but unlikely that the relative linolenate deple-
tion seen in myopathic muscle is a reflection of
either low dietary linolenate or malabsorption of
linolenate. Hepatic triglyceride analysis of these
alcoholic patients has shown similar alterations in
the proportions of fatty acid esters to that seen in
muscle triglyceride, although both linolenate and
linoleate hepatic triglyceride esters were
decreased.18
The cellular pathogenesis of alcoholic myopathy is

unknown. Although there is a primate model for
liver injury induced by chronic alcohol ingestion'9
no adequate model for alcoholic myopathy exists.
Unlike the liver, appreciable metabolism of ethanol
does not occur in muscle and therefore it is not poss-
ible to invoke metabolic changes directly resulting
from ethanol oxidation as cause for the muscle
injury. Studies of isolated muscle preparations have
demonstrated several metabolic defects induced by
ethanol,20 for example, diminished sarcolemma
transport of sodium, potassium and calcium ions,'2 21
inhibition of protein synthesis,22 inhibition of fatty
acid oxidation23 and inhibition actin-myosin associa-
tion.24 Perkoff suggested that the initial pathological
process of intracellular oedema resulted from
increased sarcolemma permeability.25 Ethanol or
acetaldehyde has been shown to inhibit the Na+,
K+-activated ATPase of cardiac and skeletal muscle
membrane in a dose-dependent and reversible man-
ner with concentrations of ethanol that are achieved
in vivo.26 Several membrane-bound enzymes includ-
ing Na+, K+-activated ATPase are known to be
affected by changes in membrane lipid composi-
tion.27 Our data showing concentrations of choles-
terol, total phospholipid and phospholipid esters
similar to normal tissue suggest that muscle mem-
brane composition is unaltered in chronic alcoholic
myopathy. Clearly further studies on the
pathogenesis of both the muscle atrophy and the
triglyceride accumulation are indicated.
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