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INTRODUCTION

One outstanding biochemical finding in progres-
sive muscular dystrophy (P.M.D.) is excessive
creatinuria. Much of the experimental work on
the disease therefore has been centered on creatine-
creatinine metabolism. The conclusion has now
been reached that the creatinuria in this condition
arises from a normal endogenous creatine produc-
tion in the presence of impaired removal of creatine
from the blood stream as a result of the severe
diminution of muscle mass (1). It has been fur-
thermore inferred that such parts of the muscles
which survive, remove creatine at a normal rate.
This decrease in functional muscle mass appears
to be a common feature in all distinct cases of
progressive muscular dystrophy.

In view of the well established role of carbohy-
drates as a source of energy in muscular activity,
it is surprising that until now hardly any evidence
has become available of a disturbance of carbohy-
drate metabolism in P.M.D. Abnormalities in glu-
cose metabolism have been reported, including hy-
poglycemia, by McCrudden and Sargent (2, 3),
reduced sugar tolerance by Janney, Goodhart, and
Isaacson (4), and increased utilization of glucose
by Magee (5), but more careful studies by Shank,
Gilder, and Hoagland failed to confirm these re-
sults (6).

In evaluating these negative findings of oral and
intravenous glucose tolerance studies, it should
be kept in mind that in the process of the removal
of glucose from the blood stream in fasting sub-
jects, the capacity of the liver is probably large
enough to compensate for any deficiency on the
part of the musculature. However, a crude meas-
ure of the respectiye portions removed by these
tissues seems to be possible by the simultaneous
recording of inorganic serum phosphate during
the glucose tolerance test. Pollack and his co-
workers (7) have demonstrated that phosphate is

removed from a glucose and phosphate-contain-
ing perfusion fluid by the isolated hind limb, but
not by the isolated liver of the dog. Recently, the
estimation of a blood glucose and inorganic phos-
phate curve, after an oral or intravenous glucose
load, has been used for diagnostic purposes in dia-
betes mellitus, various forms of liver dysfunction
and in the study of glucose resorption in tropical
sprue (Forsham and Thorn [8], Volk and Lazarus
[9], and Fourman [10]).

In the present report, this method has been used
in the study of five cases of P.M.D., and the re-
sults have been compared to those obtained in nor-
mal subjects.

METHODS

Ten normal subjects (seven males and three females),
and five cases of P.M.D. (three males and two females)
were studied. In four patients the disease was longstand-
ing and had progressed to various degrees of invalidism.
In one case (J. v. 0.), muscular weakness was not pro-
nounced and the diagnosis was ultimately founded on the
resemblance of electromyographic records with those of
her brother (case W. v. 0.) who is severely crippled by
the disease.

All subjects were instructed to ingest liberal amounts
of carbohydrates during a three-day period preceding the
test. The experiments were started at 8:30 a.m. on fast-
ing subjects, the last meal having been taken before 8 p.m.
on the previous day. A 20 per cent or 40 per cent aqueous
solution of the glucose was injected in the course of 5 to
10 minutes at a total amount of 1A Gm. per Kg. body
weight. During the test the subjects were kept in the
recumbent position and were not allowed to smoke.

Immediately before and at intervals of 15, 30, 60, 90, and
120 minutes after the intravenous administration of glu-
cose, venous blood was withdrawn.

The blood was collected in tubes containing powdered
sodium fluoride and this was immediately mixed with the
sample. Two-tenths ml. of the whole blood was removed
for duplicate glucose estimations, using the method of
Hagedorn and Jensen (11). Thereafter, the sample was
centrifuged and inorganic phosphate was estimated in the
plasma by the method of Briggs (12). The slight degree
of hemolysis, which occurred in some samples, apparently
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FIG. 1. CHANGESIN BLOOD GLUCOSE AND PLASMA
INORGANIC PHOSPHORUSAFTER A STANDARD I.V. GLU-
COSELOAD IN NORMALSUBJECTS

did not influence the results, presumably because of effec-
tive inhibition of breakdown of cellular organic phosphates
by the fluoride.

RESULTS

The data obtained with normal subjects are de-
picted in Figure 1. The initial value and the lowest
value recorded at any time during the test of in-
organic plasma phosphate are given for each indi-
vidual case in Table I. The mean of the percentage
maximum decrease of the normal individuals (28
per cent) agrees well with that given by Forsham
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FIG. 2. CHANGES IN BLOOD GLUCOSE AND PLASMA
INORGANIC PHOSPHORUSAFTER A STANDARDI.V. GLU-
COSE LOAD IN PATIENTS WITH PROGRESSIVE MUSCULAR
DYSTROPHY

and Thorn (8), i.e., 25 per cent for 20 normal sub-
jects. The results of these authors are not wholly
comparable to ours because they infused the glu-
cose over a 30-minute period.

In the cases of P.M.D., the mean glucose toler-
ance curve (Figure 2) is not significantly different
from the normal. It should be mentioned that one

patient (Case v. D.) showed a definitely delayed
glucose response, but in the four others, a perfectly
normal glucose curve was obtained.

The fall in plasma inorganic phosphate was poor

in all patients and the mean maximum fall was only

TABLE I

Initial values and minimal values of plasma inorganic phosphorus during i.v. glucose
tolerance test in normal and diseased subjects

Normal subjects Cases of P.M.D.

Maximal Maximal
Initial Lowest fall in % Initial Lowest fall in %
value value of initial value value of initial

Subject mg. % mg. % value Case mg. % mg. % value

W 3.70 2.80 24 D 6' 2.08 1.81 13
P 9 2.96 1.97 33 B 9 3.06 2.71 11
G 6' 3.90 3.25 17 A 6' 3.05 2.82 8
J ci 2.55 1.49 42 0 cO 3.43 3.15 8
J 9 2.36 1.99 16 0 9 3.43 3.01 12
K ci' 3.43 1.83 47
Z ci 2.99 2.20 26 Mean (5) 10
B 6' 2.58 1.82 29
R 6' 2.96 2.06 30
V 9 2.77 2.23 20

Mean (10) 28

I
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10 per cent. The difference between this value and
the corresponding one for the normal subjects (28
per cent) is highly significant (P < 0.001) with
no overlapping between the two groups.

DISCUSSION

The decreased phosphate response to glucose
injection in the cases of P.M.D. is very probably
a reflection of a diminished phosphorylation in the
muscle tissue. This in turn could be regarded as

the result of the decrease in functional muscle mass.

Increased urinary elimination of the injected glu-
cose cannot be responsible for these findings, be-
cause of the normal blood glucose curves. When
checked in two cases, the glucosuria was found to
be less than 2 per cent and 3 per cent of the total
dose administered, respectively. Our data do not
provide evidence for a correlation between the
amount of remaining intact muscle tissue, e.g., the
severity of the disease and the degree of impair-
ment of the phosphate response. One completely
crippled case (v. D.) showed a maximum fall of
13 per cent, while in another very light case

(J. v. 0.) a maximum fall of 12 per cent was re-

corded. Furthermore, it is not known to what ex-

tent the amount of muscle tissue or of muscle func-
tion must decrease in order to be detected as a

decreased phosphate response.

On the other hand the possibility remains of a

specific biochemical lesion in the diseased muscle,
involving a block somewhere in the glycolytic chain
of reactions. However, most of the enzymatic and
chemical changes reported can be accounted for by
relative increase of collagenous material and fat
(Nevin [13], Reinhold and Kingsley [14], and
Hoagland [15]), and the few indications of pri-
mary changes (Hoagland [15], and Dreyfus,
Schapira, and Schapira [16]) are in need of
confirmation.

The decreased phosphate response reported here
should, therefore, be regarded as another manifes-
tation of the diminution of functional muscle mass,

although it is realized that similar studies in other
forms of muscle disease are still required to sup-

port this opinion.

SUMMARY

Variations in plasma inorganic phosphate levels
in response to intravenous administration of glu-

cose have been studied in normal subjects and in
five cases of progressive muscular dystrophy. The
fall in inorganic phosphate was significantly less
in the patients.
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