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Clinical usefulness of urinary 3-methylhistidine excretion
in indicating muscle protein breakdown

M ELIA, A CARTER, SUSAN BACON, C G WINEARLS, R SMITH

Abstract

Urinary excretion of the post-translationally modified
amino-acid 3-methylhistidine, derived from the con-

tractile proteins actin and myosin, was measured in
patients with conditions associated with nitrogen loss.
The ratio of 3-methylhistidine:creatinine excretion, a

measure of the fractional catabolic rate of myofibrillar
protein, was increased in severe injury, thyrotoxicosis,
neoplastic disease, prednisolone administration, and
sometimes Duchenne muscular dystrophy. In myxoe-
dema, osteomalacia, and hypothermia the ratio was

decreased; and starvation, elective operations, and
rheumatoid arthritis had little effect.
Provided that the diet is meat free, measurement of

urinary 3-methylhistidine may provide useful informa-
tion on the cause of protein loss.

Introduction

Muscle comprises up to 45% of the weight of adult man.1 Its
mass falls rapidly in conditions such as starvation and injury and
in malignant, endocrine, and neuromuscular disease. This
reduction may result from decreased synthesis or increased
breakdown, or both. Changes in the rate of synthesis of muscle
cannot be measured non-isotopically, but the rate of myofibrillar
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protein breakdown may be estimated from the urinary excretion
of 3-methylhistidine. This amino-acid, formed by the methy-
lation of peptide-bound histidine in actin and myosin, is excreted
in the urine when these proteins are broken down and is not
reused for protein synthesis.2 Thus 3-methylhistidine acts as an

in-vivo label of the rate of myofibrillar protein breakdown,
provided the subject is receiving a meat-free diet.3 In man the
proportion of urinary 3-methylhistidine that comes from
skeletal muscle is unknown but probably substantial because of
the large mass of muscle and its high content of 3-methylhisti-
dine relative to other tissues.5 While the origins and importance
of 3-methylhistidine have been studied in animals, little has been
recorded on the clinical changes in man.6-9

Patients and methods

The table shows the people studied. Out of 21 normal subjects,
aged 10-70 years, 18 were adults. Four men starved completely for
four days and were then fed with a meat-free diet. The injured
subjects with multiple fractures from road-traffic accidents had injury
severity scores'0 of 11, 16, 21, and 21. Urine collections were made on
the fourth day after the accident; on days 3 and 4 the patients had
been adequately nourished with a daily diet containing 0-12-0X14
MJ (28-7-33 5 kcal) and 1 2-1 4 g protein/kg body weight.

Thyrotoxicosis and myxoedema were suspected clinically and
confirmed biochemically. In patients with myxoedema measurements
were made before and after about five weeks of thyroxine treatment,
when the patients were euthyroid. The 24-hour creatinine excretions
at these times were not significantly different. All but one of the eight
diabetics were receiving insulin. They had a variable carbohydrate
intake and were admitted for blood glucose control (fasting value
13 8±1 1 mmol/l (249±20 mg/100 ml)). Two normal men aged 27
and 31 took prednisolone 40 mg a day for four days. The patient with
Cushing's disease had a urinary cortisol excretion of 720 nmol/day
(261 jug/day) (normal < 280 nmol (95 tig)/day) and the subject with
ectopic adrenocorticotrophic hormone production from a bronchial
carcinoma an excretion of 3100 nmol/day (1124 ,ig/day).

Effect of various conditions on urinary 3-methylhistidine:creatinine ratio in subjects receiving a meat-free diet

Mean age Mean weight Mean height 3-Methylhistidine Significance of
Diagnosis No and sex (years) (kg) (cm) x 103: creatinine difference from

normal

Normal adults 12M, 6F 37±4 71 8±30 169 ±2 16-4±0-6
Starvation:

before 4M 30±2 763±4-0 172±2172±1-1on 4th day f 42 722 140 172±2 16 6 ±1-4 NS
Accidental injury 3M,1F 33±9 727±57 175 ±4 342±22 p<0-001
Thyrotoxicosis 2M,4F 48±5 58-2±5-3 168±4 20-3±10 p<0-01
Myxoedema:

before treatment 5F 497 (696±80V0 (112-1 ±1p1after treatment F4± 68-9±9-6f 164±3 26p<0001
Diabetes 4M,4F 51±6 690±4-3 171±4 20-8±1-0 p<0-001
Prednisolone administration:

before ~ .2M 29 f67-3l 177 f15-9~
on 4th day f 296831 t264f

Cushing's syndrome IF 58 80-0 175 14-7
Ectopic adrenocorticotrophic hormone production iM 66 92-0 173 24-4
Carcinomatosis 5M, 1F 67 ±4 64-0±8-0 175 ±4 20-0±1-8 p<0 05
Motorneuronedisease 2M,3F 57±9 57-6±4-3 167±3 24-0+3-0 p<0-01
Carriers of Duchenne muscular dystrophy 6F 47±4 14-5 ±1 1 NS
Duchenne muscular dystrophy* 14M 13±1 35±6-0 151±6 28-6±6-6
Becker muscular dystrophy iM 15 37 150 14-5 ± 11
Spinal muscular dystrophy iM 34 27-8
Myopathy ( ?cause) 1F 20 29-9 129 45-3
Limb-girdle dystrophy iM 63 52-2 157 17 6
Limb-girdle dystrophy 1F 46 37 150 16 6
Fascioscapulohumeral muscular dystrophy IF 43 60-8 172 14 6
Active rheumatoid arthritis IM, 4F 41 ±9 63-9 ±6-8 163 ±4 14-7 ± 1-0 NS
Osteomalacia IM,2F 67±5 53-5±18-0 160±10 12-0±0-6 p<0-01
Accidental hypothermia (29'C) 1F 50 57-4 7-7

*The 3-methylhistidine :creatinine ratio in patients with Duchenne muscular dystrophy was not compared with that in the normal group because the patients were aged under
20 and the normal group comprised patients aged over 20.
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In the six patients with carcinoma (of the lung four, stomach one,
and prostate one), the diagnosis was confirmed histologically. The
reduction in dietary intake and physical activity varied considerably.
Patients with neuromuscular disorders were assessed clinically,
electromyographically, and by the blood activity of muscle enzymes.
In some lumbar puncture had been carried out to exclude other
diseases. Most patients in this group and all the boys with Duchenne
muscular dystrophy were confined to wheelchairs.

Patients with rheumatoid arthritis had active disease, were not
taking corticosteroids, and were largely confined to bed. In the three
patients with osteomalacia the diagnosis was made on clinical, bio-
chemical, and histological evidence. The individual causes were
dietary lack, Crohn's disease, and previous gastric surgery. The patient
with accidental hypothermia also had multiple sclerosis; she was not
myxoedematous.

Finally, we studied six patients (three men, three women, mean age
62 years, weight 73 kg, height 168 cm) undergoing total hip replace-
ment. Since they were not taking a meat-free diet the results are
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FIG 2-Effect of total hip replacement (mean±SEM) on
3-methylhistidine (3-MeH) excretion and nitrogen balance
in six subjects receiving a mixed diet.
*Significant increase (p < 0.05) above the mean of the three
daily preoperative values.
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FIG 1-Effect of age and sex on excretion of 3-methyl-
histidine (3-MeH) and ratio of 3-MeH :creatinine excretions
in normal subjects receiving a meat-free diet. *=Males.
0= Females.

Conversion: SI to traditional units-3-methylhistidine:
1 emol/l 169 ,Lg.
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excluded from the table; their daily protein and energy intakes, how-
ever, were similar to those of the injured patients and indicate the effect
on 3-methylhistidine of an elective operation.
With the exception of the operative group, all patients began their

24-hour urine collections after taking a vegetarian diet (no meat, fish,
or chicken) for at least 48 hours. Urine was collected into bottles
containing thiomersal or hydrochloric acid and samples frozen until
analysis. 3-Methylhistidine was measured with an amino-acid
analyser4 and creatinine by the Jaffe reaction. The significance of
differences between groups was estimated by Student's t test for
paired data where appropriate. The purpose of the investigation was
explained to the patients and informed consent obtained. The local
ethics committee approved the study.
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FIG 3-Effect of oral prednisolone 40 mg daily on
ratio of 3-methylhistidine (3-MeH) :creatinine
excretions in two normal men receiving a meat-free
diet. Shaded area represents increase in excretion
above the mean value for the previous two days.

Results

The coefficient of variation on repeated measurement of a single
sample was 1°h, for creatinine, 2 92 for 3-methylhistidine, and 30%'
for the ratio of 3-methylhistidine to creatinine. In normal subjects
(fig 1) the daily 3-methylhistidine excretion was significantly lower in
women than men; when expressed on the basis of weight this difference
was not significant. The mean ratio of 3-methylhistidine excretion

x 103,creatinine excretion was 1651- SEM 07 in men and 16 3 .-1*3
in women.

Short starvation and refeeding did not significantly alter the mean
excretion of 3-methylhistidine or creatinine or the ratio between them.
After injury the 3-methylhistidine:creatinine ratio was about twice
normal (range 28-39-2) as was the daily 3-methylhistidine excretion
(452-68 ,umol (76-5 11-5 mg), compared with 239 ± 11 ,tmol
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(40 4 -, 1 9 mg) in men and 141 114 ,Lmol (23 9: 2 4 mg) in women).
This contrasts with smaller changes after total hip replacement (fig 2),
when patients received a less restricted diet. In patients with thyro-
toxicosis the mean 3-methvlhistidine :creatinine ratio was significantly
increased; and in those with myxoedema it was significantly reduced,
increasing to normal in all patients during thyroxine replacement
treatment but without any change in creatinine excretion. In the
diabetic subjects the 3-methylhistidine:creatinine ratio was signifi-
cantly increased. Oral prednisolone did not alter creatinine excretion,
but excretion of 3-methylhistidine (and hence 3-methylhistidine:
creatinine ratio) almost doubled after four days (fig 3). In the patient
with Cushing's syndrome the 3-methylhistidine:creatinine ratio was
normal, but in the subject with ectopic adrenocorticotrophic hormone
production it was considerably raised. The mean 3-methylhistidine:
creatinine ratio was above normal in the six patients with carcinoma-
tosis.
Neuromuscular disease produced a wide variation in the 3-methyl-

histidine:creatinine ratio. This ranged from 12 7 to 71 2 in Duchenne
muscular dystrophy and was not related to age. No change in the 3-
methylhistidine:creatinine ratio was detected in active rheumatoid
arthritis, but in those patients with osteomalacia the ratio was
significantly lower than normal. In the patient with hypothermia the
3-methylhistidine:creatinine ratio increased in proportion to the rise
in temperature towards normal (fig 4).
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FIG 4-Effect on ratio of 3-methylhistidine (3-MeH):creatinine excretions
of warming a patient with hypothermia. (Urine was collected by catheter and
analysed six hourly; the first collection was discarded.)

Discussion

The excretion of post-translationally modified amino-acids,
which cannot be reused for protein synthesis, reflects the break-
down rate of the parent protein. Many such amino-acids exist,
but only two have found clinical use-namely, hydroxyproline,
a label for collagen, and 3-methylhistidine, a label for myofi-
brillar protein. In both dietary control is important.
Normal subjects-Our mean value of 16 4 for the ratio of 3-

methylhistidine excretion x 103: creatinine excretion in normal
adults agrees well with values obtained by Tomas et al3 and
McKeran et al,11 and confirms that the fractional catabolic rate
for myofibrillar protein (expressed in this way) is the same for
men and women. In men the higher daily excretion of 3-methyl-
histidine compared with women is presumably related to the
greater muscle mass. Since ingesting meat may double 3-
methylhistidine excretion4 without having any appreciable
effect on excretion of creatinine, all our subjects took a vege-
tarian diet for at least two days before 3-methylhistidine ex-

cretion was measured. Creatinine excretion is a measure of
muscle mass,l2 and it is reasonable to use the B-methylhistidine:
creatinine ratio as an index of the fractional breakdown rate of

myofibrillar protein provided that creatinine excretion is

constant; this may not be so after severe injury and infection.1' 14

Starvation, accidental injury, and surgery-Since short-term
starvation had little effect on the 3-methylhistidine:creatinine
ratio, the nitrogen loss it produces probably results from

reduced protein synthesis. Previous results are difficult to

interpret because a meat-containing diet was consumed until

starvation began."5 In more prolonged starvation 3-methyl-
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histidine excretion falls,15 a change that may be reversed by
giving triiodothyronine to increase blood concentrations to
prestarvation values.17 The results in the operative patients are
more difficult to evaluate because their diet was not completely
controlled. There were no large fluctuations in 3-methylhistidine
excretion, however, which again suggests that failure of myofi-
brillar protein synthesis is an important cause of nitrogen loss;
in contrast, in injured patients receiving a vegetarian diet the
increase in 3-methylhistidine excretion indicates an increase in
myofibrillar breakdown, confirming results obtained in similar
patients receiving a mixed diet.18 At present it is not possible to
say how much of the additional urinary 3-methylhistidine comes
from locally damaged muscle rather than a generalised increase
in myofibrillar catabolism.

Endocrine and metabolic disturbances-Thyrotoxicosis in-
creases the 3-methylhistidine :creatinine ratio; this has been
reported in patients taking an unrestricted diet, in whom the
increase might have been due to an increased appetite and meat
intake.19 The low values in myxoedema and their increase with
treatment confirm that thyroid hormones affect myofibrillar
breakdown. Similarly the increase in the ratio with large doses of
prednisolone suggests that an increase in fractional catabolic
rate contributes to the myopathy corticosteroids produce.
Presumably the effect on myofibrillar catabolism is proportional
to the increase in corticosteroids; this was not sufficient to
increase muscle breakdown in the patient with Cushing's
syndrome but had a considerable effect in the patient with
ectopic adrenocorticotrophic hormone production (who also
had neoplastic disease). In the rat small doses of glucocorticoids
and adrenalectomy do not affect 3-methylhistidine excretion.
Uncontrolled diabetes causes weight loss and muscle wasting,
and there is evidence that insulin deficiency decreases the
synthesis of muscle protein and increases its breakdown20; our
results are consistent with this.

Neoplastic disease-Whether the wasting of malignant disease
is specific to neoplasm or the result of partial starvation is
controversial; the limited results in our patients suggest an
increase in myofibrillar breakdown not seen in starvation alone.

Neuromuscular diseases-In motor neurone disease appreciable
wasting was associated with a significant increase in the 3-
methylhistidine:creatinine ratio. In the rat the net increase in
breakdown of muscle protein after denervation affects myofi-
brillar more than sarcoplasmic proteins.21 In the 14 boys with
Duchenne muscular dystrophy the results were variable, despite
the vegetarian diet, and the 3-methylhistidine :creatinine
excretion varied from 12-7 in a nine year old (probably less than
normal for age) to 71-2 in a 16 year old (higher than normal).
This variation might be related to changes in disease activity and
mobility, but it is not known whether creatinine excretion bears
the same relation to muscle mass in patients with Duchenne
dystrophy as in normal subjects or whether the 3-methylhistidine
concentration in dystrophic muscle is less constant than in
normals. Since creatine is present in the urine in Duchenne
dystrophy (and virtually absent in normal men), a fractional
catabolic rate derived from 3-methylhistidine :creatine +
creatinine excretions, as in the study of Inoue et al,22 will be less
than one derived from 3-methylhistidine :creatinine. In only one
of three previous studies 7 11 23 suggesting that the 3-methylhisti-
dine:creatinine ratio is higher than normal was the diet vege-
tarian. None of the Duchenne carriers had an increased 3-methyl-
histidine: creatinine ratio.

Miscellaneous-Osteomalacia is often associated with proximal
myopathy; this is at least partly due to type II fibre atrophy,24
which might contribute to the observed reduction in 3-methyl-
histidine :creatinine ratio. Our cases, however, probably also
had other deficiencies, including that of protein, a known cause

of low 3-methylhistidine excretion.25-27 Active rheumatoid
arthritis is often associated with muscle wasting, but this did not

produce significant changes in the 3-methylhistidine:creatinine
ratio in our patients. The results in the single case of hypo-
thermia suggest that myofibrillar breakdown rate falls as the
temperature falls; despite its efficient clearance28 the changes in

r-.l
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3-methylhistidine excretion might also be due to changes in
renal function.
These results suggest that provided the diet is controlled the

measurement of urinary 3-methylhistidine can give new in-
formation about the catabolic rate of myofibrillar proteins. Its
main clinical application will probably be in those conditions
associated with muscle wasting and nitrogen loss.
The constancy of muscle mass depends on equal rates of

synthesis and breakdown. Provided that 3-methylhistidine is
derived predominantly from actin and myosin in muscle sites, a
calculation based on the endogenous excretion of 3-methyl-
histidine and its amount in skeletal muscle suggests that a
young man weighing 70 kg may catabolise from 200 to 250 g wet
weight of muscle daily. If this is correct the rapid wasting that
occurs with immobility, injury, starvation, and neoplastic
disease, in which the balance between synthesis and catabolism
is disturbed, should come as no surprise. The urinary nitrogen
and nitrogen balance reflect this disturbance but indicate only
net protein breakdown. Measurement of 3-methylhistidine in
the urine enables us to estimate the contribution of increased
muscle catabolism to the negative nitrogen balance. For example,
the constancy of the 3-methylhistidine :creatinine ratio in short-
term starvation suggests that increased muscle catabolism is not
the cause of nitrogen loss; and similarly the small increase in
3-methylhistidine excretion after an operation of moderate
severity is insufficient to account for the postoperative negative
nitrogen balance, which must therefore result from a temporary
failure of protein synthesis, a conclusion supported by isotopic
evidence.2' In future this ability to identify the catabolic con-
tribution to overall protein loss may show that in other muscle-
wasting conditions failure of protein synthesis is important; if so
treatment will need to be directed more to the stimulation of
protein synthesis than to the prevention of its catabolism.
Our results suggest further clinical uses for the measurement

of urinary 3-methylhistidine, including investigation of bio-
chemical changes in primary muscle diseases and the metabolic
myopathies, and ofthe effect ofhormones on muscle.
Although it seems that measuring 3-methylhistidine in the

urine may help to elucidate many clinical problems, the results
should be interpreted with caution. In general, 3-methylhistidine
excretion provides a measure of the rate of muscle breakdown,
but the relation between the two is not exact. 3-Methylhistidine
excretion gives no information about the sarcoplasmic proteins
since it comes only from actin and myosin; and the contribution
of non-muscular actin and myosin to urinary 3-methylhistidine
in man is not exactly known. In rats, however, appreciable
amounts of urinary 3-methylhistidine come from the gastro-
intestine30 and from other unidentified non-muscular sources.3'
Possibly much of the 3-methylhistidine in the urine comes from
the selective breakdown of myofibrillar protein that has been
recently synthesised (in the same way that urinary hydroxy-
proline is mainly derived from the catabolism of newly synthe-
sised collagen); if this were so, 3-methylhistidine excretion
would in some circumstances reflect myofibrillar protein
synthesis as well as breakdown. These and related problems
require further study in man.
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