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Muscle wasting in chronic alcoholics: comparative
histochemical and biochemical studies
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SUMMARY The comparative electrophysiologic, histochemical, and biochemical investigation of
the anterior tibial muscle of 13 alcoholics indicates that neuropathy could be the cause of the
chronic muscle weakness and wasting. Myopathic alterations did not predominate in the findings.
It was concluded that the proximal muscle atrophy could also be attributed to neurogenic dam-
age. Histochemical reactions in muscle specimens showed a selective type 2 atrophy and a slight
increase of the mean diameter of type 1 fibres. Biochemical investigations revealed that the
activities of a number of enzymes representative of energy supplying pathways-the
glycogenolysis and glycolysis-as well as acid phosphatase activity in the muscle were lowered. A
relationship could be assumed between the lowered glycolytic activity and the decline of the
mean diameter of type 2 fibres. Oxidative enzymes were of similar activity in the alcoholics and
the control group. The glycolytic enzyme activities were particularly important, being the most
sensitive indicators of the onset, intensity, and course of neurogenic damage. These activities
probably normalise during reinnervation of a muscle earlier than do the morphologic alterations;
however, they were markedly lower in alcoholics with impaired liver function and cachexia,
probably because of the catabolic metabolic conditions present in these cases.

Wasting and weakness of the distal and proximal
muscles is often observed in chronic alcoholics even
though clinical and electrophysiologic examinations
show no signs of a serious neuropathy. On the other
hand, according to Oh,' 2 alcoholic myopathy occurs
in only 08% of all hospitalised alcoholics. Several
researchers2-6 defined three groups of alcoholic
myopathies: an acute syndrome with rhabdo-
myolysis and myoglobinuria, subacute to chronic
forms with proximal atrophy and paresis, and an
asymptomatic form with only histopathologic and
electromyographic signs of myopathy. A few inves-
tigators question whether subacute or chronic
weakness of the proximal muscles in alcoholics is
really due to primary myopathy.7-9 They assume
that the histological alterations are produced by the
denervation associated with alcoholic neuropathy.
We frequently observed alcoholics with general-

ised wasting of the distal and proximal muscles and a
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corresponding decrease in vitality. As a rule, only
discrete signs of axonal neuropathy, somewhat more
pronounced in the distal muscles, were detectable by
electromyography. Comparative electrophysiologic,
biochemical, and histochemical studies therefore
were carried out to determine which method is most
sensitive for detecting muscle damage and whether
the muscular dysfunction is caused by neuropathy or
myopathy.

Patients and methods

Thirteen patients (12 males, 1 female; age, 35-55 yr) with
a 10 to 35 year history of alcoholism were studied. Two
patients had a history of delirium tremens; two were admit-
ted for epileptic attacks after alcohol withdrawal; four had
been treated for alcoholic hepatopathy and were then
referred to our outpatient service for clarification of their
muscle wasting; two suffered from cerebellar atrophy; and
three from head injury. No neuromuscular or other
neurological disorders could be found in the history of
their families. GOT, GPT, alkaline phosphatase, gamma
GT, serum electrophoresis, serum bilirubin, electrolytes,
and total serum protein values were determined for all
hospitalised patients. Erythrocytic thiamine, riboflavin,
and pyridoxine as well as serum folic acid and vitamin B,,
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were measured in some of them.
During the neurologic examination, particular attention

was given to discrete signs of beginning polyneuropathy,
for example weakened ankle jerks, disturbed deep sensibil-
ity, slightly impaired superficial sensibility. The percentage
of polyphasic potentials of the anterior tibial muscle was
determined by electromyography. Distal motor latency
and maximal motor nerve conduction velocity of the
peroneal nerve were also measured. The form and amp-
litude of the action potential over the extensor digitorum
brevis muscle, evoked by supramaximal stimulation of the
peroneal nerve and recorded with bipolar surface elec-
trodes, was given special consideration. Neurogenic dam-
age was assessed according to the criteria cited by
Buchthal.'0 According to the normal limits for our laborat-
ory, nerve conduction velocities below 40 m/s were consi-
dered pathological. After 8 to 14 days of abstinence, all
patients were given a thorough clinical and elec-
trophysiologic examination. Several muscle specimens
(50-100 mg) from the anterior tibial muscle were then
obtained from each patient. Biopsies were invariably taken
from the same site. This was different from the site of
insertion of the electromyographic needle which was
marked. Activities of representative enzymes involved in
the energy-supplying metabolism"" were measured with
biochemical methods in one portion of the tissue specimen.
Muscle biopsies from 14 neurologically healthy men and
women of approximately the same age served as controls
(mean ± 2 SD). PH, TPDH, LDH, HAD, CS, and
6-PGDH* activities were measured with the method des-
cribed in an earlier publication.'6 Hexosephosphate
isomerase,' acid phosphatase, and malate dehydrogenase
activities were also measured (Monotest/Boehringer). The
activities measured were determined for lg wet weight of
muscle tissue. In the alcoholics enzyme activities which
were below the range of normalcy established for the
control group (mean ± 2 SD) were considered patho-
logical.
A second portion of the muscle specimens was subjected

to histologic and histochemical studies. One specimen was
fixed in buffered paraformaldehyde, embedded in metha-
crylate, and stained according to van Gieson and with
haematoxylin and eosin. Another piece was frozen in
isopentane precooled with nitrogen for histochemical
preparation. NADH-diaphorase and ATP-ase stain (pH
9-4; pH 4-6, 4-2 respectively) were demonstrated on
cryostatic cross sections (6 ,i). A modified trichrome and
oil-red stain were applied as well. The specimens were also
evaluated with histometric methods. Approximately 200
muscle fibres selected at random from each specimen were
photographed, enlarged (x 140), and then measured.
Lesser fibre diameters were measured as the distance
between the closest parallel lines laid tangential to
opposite boundaries of the muscle fibre.20 This diameter
was recorded in relation to the muscle fibre type as deter-
mined by the ATP-ase stain (pH 9.4). The following data
were calculated for each biopsy specimen: distribution of

*Abbreviations: APH, acid phosphatase; HAD, ,-hydroxyacyl
CoA dehydrogenase; HIM, hexosephosphate isomerase; LDH, lac-
tate dehydrogenase; MDH, malate dehydrogenase; 6-PGDH,
6-phosphogluconate dehydrogenase; PH, total phosphorylase;
TPDH, triosephosphate dehydrogenase.
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type 1 and type 2 fibres expressed in percent, mean dia-
meters and standard deviation of both fibre types, and the
coefficient of- variability. Data from six healthy individuals
and information cited by different investigators served as
control values.2' -24

Results

All of the 13 patients showed signs of generalised
muscle wasting, particularly in the legs. Predomin-
antly sensory polyneuropathy as determined by
clinical testing was present in 10 patients. Ankle
jerks were diminished or abolished, vibratory sen-
sitivity was defective, and cutaneous sensibility was
slightly impaired. Circumscribed paresis was
observed in none of the patients. Patients did not
complain of muscle weakness until questioned.
As determined by electromyography and elec-

troneurography patients showed signs of discrete to
mild axonal polyneuropathy. The percentage of
polyphasic potentials was elevated and the recruit-
ment of motor units on maximal innervation,
decreased. The maximal conduction velocity of the
peroneal nerve was below 40 m/s in only one patient
and within the normal range in the rest. None of our
patients showed an evoked muscle action potential
over the extensor digitorum brevis muscle below 3
mV.
Most of the patients showed type 2 atrophy on the

standard ATP-ase and NADH-diaphorase reaction
(fig 1). Angular fibres, target fibres and type group-
ing indicating chronic denervation were frequently
observed. No degenerative fibre alterations were-
detected that would support the predominance of a
myopathy. Figure 2 shows the histogram for the
diameters of muscle fibres from the anterior tibial in
a normal and an alcoholic. There is an average
decrease in type 2 fibres in the chronic alcoholic.
The mean diameter of type 2 fibres in the normal
anterior tibial muscle was 82-7 + 12-4 ,um. The
mean diameter of type 2 fibres of the muscles most
frequently biopsied (that is vastus lateralis and gas-
trocnemius) ranged between 35 and 75 ,um. Type 2
fibres were markedly atrophied in alcoholics. Their
mean diameter shifted to the left (60.2 + 5.2). At
the same time, the mean diameter of type 1 fibres
increased (59.9 + .9-4). The percentage of type 1
fibres was considerably higher than that of type 2
fibres both in normals (type 1, 73%; type 2, 27%)
and in alcoholics (72/28%).
The average data from both groups investigated

are presented in the table. The decrease in mean
diameter of type 2 fibres and the increase in mean
diameter of type 1 fibres in chronic alcoholics is best
described by the quotient obtained when the mean
diameter of type 2 fibres is divided by the mean
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Fig 1 (a) Cross section ofnormal anterior tibial muscle. (b) Cross section ofanterior tibial muscle
from an alcoholic:atrophy of type 2 fibres. A TPase stain, pH 9-4 ( x140).
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Fig 2 Histogram offibre diameters from the anterior tibial muscle in a normal (left) and an alcoholic (right).
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Table Mean fibre diameter and quotient (mean diameter
oftype 2 fibre divided by mean diameter oftype I fibre) for
six normal individuals and 13 alcoholics

Anterior Control group Chronic alcoholics
tibial muscle n = 6 n = 13

Mean diameter (/m)
Type-2 fibre 79-8 + 9 3 69*7 ± 7.9
Type-I fibre 53-4 + 8.9 60-1 ± 5-3

Ratio:
MeanO type 2 1-49 1-16

Wea-n type

diameter of type 1 fibre. The quotient was 1*49 in
the control group of six normal persons and dropped
to an average of 1-16 in the 13 alcoholics studied.
The main chain enzymes involved in

glycogenolysis (PH), glycolysis (HIM, TPDH,
LDH), (3-oxidation of fatty acids (HAD), citrate
cycle (MDH, CS), pentosephosphate shunt (6-
PGDH), and acid phosphatase activity (APH)
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PH HIM TPDH LDH A.PH CS HAD MDH 6-PGDH
Anterior tibial muscle * pO.01
Chroric alcoholics : p<O05

Fig 3 Mean enzyme activities ofenergy-supplying
metabolism in 13 alcoholics (Ulgp.m.) compared to healthy
control group (Ulg n.m.; n = 14, range of normal
1-0 + 2 SD).
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Fig 4 Dependency ofbiochemicaly determined TPDH activity on
morphometricaly determined mean diameter oftype I and type 2 fibres in
alcoholics (n =13).
TPDH p.m. = TPDH activity in examined muscle of alcoholic,
TPDH n.m. = Mean TPDH activity of control group (n = 14),
* = within range of tolerance,
O = beyond range of tolerance,
01 = alcoholic after 6 months of abstinence,
02, 3 = chronic alcoholics in poor physical condition with early

cirrhosis of the liver
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measured in anterior tibial muscle specimens in
alcoholics and 14 healthy persons of about the same
age are shown in fig 3 for comparison. The activities
of the glycolytic enzymes (PH, HIM, TPDH, LDH)
and acid phosphatase (APH) were significantly
lower, on the average, in the alcoholics than in the
control group. The activities of the oxidative
enzymes (CS, HAD, MDH) were not reduced. A
linear relationship could be demonstrated between
the change in glycolytic enzyme activity and the shift
of the diameters of type 1 and type 2 fibres (fig 4).
The quotients for TPDH activity in the anterior
tibial muscles of the 13 alcoholics divided by the
mean TPDH activity of the normal control group
served as a criterion of glycolysis and were plotted
on the ordinate of the diagram. These quotients
were related to the quotients for the mean diameter
of type 2 fibres divided by the mean diameter of type
1 fibres from the same muscle plotted at the abs-
cissa. The correlation coefficient for 10 alcoholics
was 0-93. Three of the alcoholics could not be
classified, since their values were well beyond the
range of tolerance between the hyperbolas. In one

case, the biopsy was taken after 6 months of absti-
nence: the biochemical changes had already normal-
ised by this time (that is glycolytic TPDH activity
had risen), but the morphologic alterations (that is
type 2 atrophy or type 1 hypertrophy) were still
pronounced. The other two patients were chronic
alcoholics in poor physical condition with early cir-
rhosis of the liver. Glycolytic enzyme activities in the
muscles of these patients were already markedly
lowered; pronounced morphologic alterations (that
is shift of diameter of fibre type) was not yet detect-
able.

Discussion

Our comparative electrophysiologic, histochemical,
and biochemical study of the anterior tibial muscle
in 13 chronic alcoholics indicated that the muscle
wasting and decreased physical vitality in alcoholics
are the result of neuropathy. Only those alcoholics
with no clinically demonstrable signs of paresis, but
with wasting of the distal and proximal muscles,
were selected for the study. Eleven of the 13
patients complained of general muscle weakness.
Ten patients showed clinical signs of sensory
polyneuropathy in addition to muscle wasting. Elec-
tromyographic examination showed a discrete to
mild axonal polyneuropathy in 11 patients. No
pathologic findings were found in three patients on

clinical examination and in two patients on elec-
tromyographic examination. Ten patients showed
histochemical evidence of type 2 fibre atrophy.
Angular fibres, target fibres, and type grouping of
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fibres indicating a chronic denervation process were
often present. The discrete, degenerative fibre alter-
ations suggested a concomitant myopathy. The shift
of the mean diameter of type 2 fibres to the left and
the slight increase of the mean diameter of type 1
fibres are best expressed by the quotient obtained by
dividing the mean diameter of type 2 fibres by the
mean diameter of type 1 fibres. This quotient drop-
ped to 1.16, on the average, in the alcoholics and
was 1.49 in a control group of six normal individu-
als. The percentage of type 1 and type 2 fibres did
not change.

Representative enzyme activities of the energy-
supplying metabolism determined in muscle speci-
mens taken from the anterior tibial muscle of 13
alcoholics reflect the physiologic function'3 14 16 18;
shifts in the enzyme pattern are sensitive indicators
of trophic muscle impairment.'7 This is particularly
true for glycolytic enzyme activity, which decreases
in the very early stages of axonal nerve damage.
Compared to the control group, the activity of the
glycolytic and glycogenolytic enzymes (PH, HIM,
TPDH, LDH) as well as acid phosphatase declined
significantly in the alcoholics. No reduction in oxida-
tive enzyme activities (CS, HAD, MDH) was
detectable.

Kiessling and coworkers'" also found a decrease in
the amount of fast-twitch glycolytic tissue of skeletal
muscle in 11 alcoholics. This decrease was caused by
a reduction in size rather than in the number of
fibres. A relationship between the reduction of
glycolytic enzyme activity and the decrease of the
mean diameter of type 2 fibres or the increase of the
mean diameter of type 1 fibres was also present in
our alcoholics. Three alcoholic patients could not be
classified, since their values were well beyond the
calculated range of tolerance. The reason for this
discrepancy between histochemical and biochemical
findings may well be due to the following factors.
The biopsy specimen in one patient was taken after
6 months of abstinence. The biochemical changes
(that is rise of glycolytic enzymes) may have already
normalised by the time of biopsy, whereas the mor-
phologic alterations (that is, type 2 fibre atrophy)
had not yet disappeared. The other patients were
chronic alcoholics in poor physical conditions with
early cirrhosis of the liver. Enzyme activities in the
muscles of these patients may well have been con-
siderably lower because of the catabolic metab-
olism; the histologic alterations, however, were not
yet pronounced.
The morphologic alterations in the anterior tibial

muscles of the alcoholics we examined were pro-
duced by a neuropathy. It is reasonable to assume
that the metabolic disturbance in the axon resulted
in early impairment of the energy-supplying
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metabolism of the muscle fibres. Sabri and co-
workers25-2" assumed that many distal axonopathies
could be produced by neurotoxic inhibition of
glycolytic enzymes. In the light of these findings, one
explanation for the early fall of glycolytic enzymes in
muscle tissue may well be impaired axonal transport
caused by inhibition of glycolysis following chronic
alcohol abuse. Type 2 fibre atrophy and mild type 1
hypertrophy develop later. Thereafter, the mor-
phologic tissue pattern reveals marked neurogenic
damage. Myopathic alterations did not predominate
in our findings.
We assume that the clinically demonstrable atro-

phy in the proximal muscles of the extremities in our
alcoholics can also be attributed primarily to axonal
damage. In an earlier study, we established that the
biochemical and electromyographic alterations in
the anterior tibial muscle of the same alcoholic were
more pronounced than in the brachial biceps.'7 Even
in the brachial biceps, however, glycolytic enzyme
activity decreased, although only discrete signs of
neuropathy were obtained with electromyography.
Therefore we suggest that the same damaging
mechanism operates in distal and proximal muscles.
Other investigators have also assumed that the
chronic wasting of the proximal muscles observed in
alcoholics is due to a neuropathy rather than a
myopathy. Rossouw and coworkers9 examined 13
chronic alcoholics with histologic methods and
found indications of a neuropathy in the proximal
muscles of the extremities. Histochemical studies
showed selective type 2 atrophy with signs of
neurogenic damage and reinnervation. According to
the studies by Faris and coworkers78 the subclinical
alcoholic myopathy of the proximal muscles is due
to alcoholic neuropathy. Neurophysiologic studies in
chronic alcoholics have also indicated that damage
can be detected in the proximal parts of the
peripheral nerves in the early stages of the disease.
Guiheneuc and coworkers28 as well as D'Amour and
coworkers29 found reduced H reflex response amp-
litudes and delayed conduction velocities in alcohol-
ics. Liberson and coworkers30 observed delayed
stimulation latency in the superior gluteal nerve. In
the light of these findings, neurogenic damage with
muscle wasting and weakness apparently also
develops in the proximal muscles.
Other authors assume a combination of distal

neuropathy and proximal myopathy in chronic
alcoholics.3' Involvement of the peripheral
intramuscular nerves is also possible,5 but the elec-
trophysiologic and histologic examination, in these
cases, do not allow a clear cut decision for
neuropathy nor myopathy. Further comparative his-
tochemical and electrophysiologic examination of
the proximal muscles of the extremities is planned to
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clarify the proximal muscle wasting and weakness.

We express our gratitude to Ms H Maute, Institute
for Brain Research, and Ms M Kessler, Department
of Neurology, for their technical assistance.
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