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Adenine,adenosine,inosine ,hypoxanthine,xanthosine,xanthine, guanine and
guanosine blood levels 1in 11 Duchenne muscular dystrophy patients treated
with allopurinol,l0 untreated patients and 8 healthy controls,were determi-
ned by HPLC.Serum ADA,PNP and 5*NT were also determined. Untreated patients
showed lower adenine (p<0.001) and higher adenosine,xanthine,ADA and
PNP 1levels (p<0.0l) than controls. Treated patients had lower adenine
and higher xanthine levels (p<0.001),but higher hypoxanthine,xanthosine
and guanine levels (p<0.001),than controls,with normal ADA and PNP.The
changes observed in ADA and PNP levels suggest an involvement of these

enzymes in accelerated degradation of purines in Duchenne dystrophy. © 1987

Academic Press, Inc.

The pathology of Duchenne muscular dystrophy is not yet
clear.Some of the hypotheses that have been put forward postula-
te structural defects in the cell membrane (1-5), while others
explain the disease 1n terms of an accelerated breakdown
of muscle protein (6,7).It is also possible that both these
conditions occur,and that both may be the result of some
as yet unknown deficiency in dystrophic muscle cells.

Some research findings suggest that this type of muscular
dystrophy 1is associated with abnormalities in the metabolism
of adenine nucleotides (8-16),and allopurinol therapy is
found both to 1ncrease the levels of these nucleotides in
muscle and blood and to produce clinical improvement in the

patient’s condition (12,14,15;, although the latter effect has -
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been questioned (17-23). This article presents the results
of a study aimed at establishing whether Duchenne muscular
dystrophy is or not associated with abnormalities in purine

metabolism.

MATERTALS AND METHODS

The study involved 11 Duchenne muscular dystrophy patients
under treatment with allopurinol,l0 untreated patients and
8 healthy children in the same age range (4-12 years).The
diagnosis was established for each patient by clinical examina-
tion, serum enzymology,electromyography and muscle biopsy
history. According to the classification of Zellweger and
Hanson (24), 5 patients were clinical stage 1,6 1in stage
II, 3 1in stage III, 3 1in stage IV, 3 in stage VI and 1 in
stage VII.Tablets containing 100mg of allopurinol each were
administered orally to the treated patients as follows: For
children of 1less than 2 years of age,2 tablets daily;for
3-5 year-o0lds,3 tablets daily;for 6-12 year-olds,4 tablets
daily;for 13-16 year-olds,5 tablets daily. Treatment took

place over periods ranging from 2.5 to 6 years.

Blood samples were taken from the fasting subjects and
adenine,adenosine,inosine,hypoxanthine,xanthosine,xanthine, gua-
nine and guanosine determined. Serum levels of adenosine
deaminase (ADA), purin-nucleotide phosphorilase (PNP) and

5’-nucleotidase (5°~NT) were also measured.

Purines and their derivatives were determined by high
performance 1liquid chromatography (HPLC) following McBurney
and Gibson (25). A Beckman Ultrasphere 0ODS column were used
with 100% methanol as organic modifier eluent,l1lOmg/L KH2P04 (pH=
5.8) as low ionic strength eluent and an elution rate of
1mL/min. Detection was performed at 254nm by UV detector,The
range of absorbance being 0.040AUFS. The wvarious purines
were quantified by comparison of the areas of the corresponding

peaks with those of peaks obtained using pure standards.

ADA was determined as per Galanti (26),PNP as per Kalker
(27) and 5*NT as per Arkesteijn (28).

The statistical significance of the differences among

the three groups of subjects was examined using Student’s test.
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TABLE I
LEVELS OF PURINE METABOLITES IN DUCHENNE MUSCULAR
DYSTROPHY PATIENTS

Metabolite Untreated Treated Controls
(nmol/dL) patients(n=10) patients(n:ll) (n=8)

Adenine 0.32(0.04) 0.21(0.02) 4.76(1.21)
Adenosine 10.34(4.71) 4.33(3.12) 7.51(3.46)
Inosine 0.24(0.03) 0.24(0.04) 2.13(2.73)
Hypoxanthine 0.32(0.05) 0.94(0.16) 0.37(0.12)
Xanthine 3.77(1.49) 4.46(1.60) 1.59(0.67)
Xanthosine 3.14(1.49) 14.23(4.41) 2.22(01.69)
Guanine 0.33(0.09) 0.91(0.32) 0.31(0.20)
Guanosine 0.16(0.02) 0.17(0.03) 0.25(0.14)

Numbers in parentehsis are 2*S.D.

RESULTS

Table I 1lists the results concerning the products of
purine metabolism. With respect to the controls,untreated
patients had far 1lower adenine levels (p<0.001) and much
higher  adenosine and xanthine levels (p<0.01).The levels
of the other purine metabolites did not differ significantly
between the two groups. The patients treated with the xanthine
oxidase inhibitor Ilikewise had significantly lower adenine
levels than the controls (p<0.001),and higher levels of hypoxan-

thine,xanthosine,xanthine and guanine (p<0.001).

Table II shows that untreated patients had ADA and PNP
levels more twice those of controls or treated patients (p

<0.01). Levels of B52NT were also slightly higher in untreated

TABLE IT
ADENOSINE DEAMINASE (ADA),PURINE-NUCLEOSIDE PHOSPHORILASE (PNP)
AND 5’-NUCLEOTIDASE (5’~NT) ACTIVITY IN DUCHENNE MUSCULAR
DYSTROPHY PATIENTS

) ADA PNP 5°-NT
Subjects (U/1) (U/L) (U/L)
Controls(n=8) 7.3(0.5) 50.5(10.1) 7.3(0.6)

Untreated

patients(n=10) 15.8(1.7) 124.3(9.0) 8.5(1.5)
Treated

patients(n=11) 3.4(0.5) 43.2(10.0) 7.2(0.5)

Numbers in parenthesis are 2*35.D.
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patients than in the other groups,but the differences were

not statistically significant.

DISCUSSION

Though the pathogeny of Duchenne muscular dystrophy is
not yet known for sure,at present all the facts seem to point
to a possible alteration of primary or secondary purine metabo-
lism (7-16). The suggestion (9) that the syndrome involves
accelerated degradation of purines is supported by the present
finding that untreated patients had high levels of adenosine,
xanthine,ADA (Which converts adenosine to inosine) and PNP
(Which converts inosine to hypoxanthine),for these results
suggest that either inhibition of these enzymes may be deficient
or these 1is stimulated due to an excessive adenosine supply
(An accelerated degradation of purines or an AMP conversion
failure could produce these high 1levels). This hypothesis
ig also 1n keeping with the low levels of adenine observed,for
it is reasonable to suppose that deplenishment of ATP levels
by accelerated degradation to adenosine would stimulate increa-
sed synthesis of AMP,ADP and ATP from adenine,whose levels

significantly decrease (12,14).

In a previous study (12) of Duchenne muscular dystrophy
patients we found that administration of allopurinol brought
about a recovery of ATP 1levels 1in blood. Thoghether with
the present results for treated patients,this suggests that
the inhibition of xanthine-oxidase favours resynthesis of
ATP from hypoxanthine via IMP route. HGPRT (Hypoxanthine-
guanine phosphoribosyl transferase) is stimulated by allopurinol
(29) and its activity 1is already increased about threefold
in dystrophic’s muscle (30) and for which gene is likewise loca-
ted in X~-chromosome (31). High 1levels of guanine in treated

patients seem to confirm that idea.

Normal or low 1levels of ADA,PNP and adenosine in treated
patients suggest that allopurinol affects these enzymes (Not
only ATP synthesis 1s helped by this drug but also reduces
its rate of degradation;normal or low Ilevels of adenine in

treated patients confirm it).

In view of the above findings,it seems likely that Duchenne
muscular dystrophy involves an alteration of primary purine

metabolism consisting in the accelerated degradation of purines.
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Possible alterations in the myofibrille membranes of muscle
cells (1-5) would not appear to be the cause of the disease,sin-
ce allopurinol treatment,not only increases ATP 1levels in
blood and muscle,but also normalizes the morphology of the
erythrocyte membrane (12). The next step will be to investigate

IMP behaviour in the three groups of children studied.
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