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Since our first description of the hepatomegalic
type of glycogen disease (van Creveld, 1928; Snapper
and van Creveld, 1928) we have repeatedly reported
on the condition of the patient described in that
year and on a second patient described for the first
time in 1932 (van Creveld, 1934, 1952, 1953). We
have recently re-examined both patients and this
paper reports our present findings which add a good
deal to former findings.

Methods Used
(a) Intravenous glucose test: in Case 2 this was

done in the usual way by giving a single intravenous
injection of i g. of glucose per kg. body weight in
a 20% solution. In Case 1 the dose of intravenous
glucose was determined according to the method of
Jokipii and Turpeinen (1954). Here glucose is
injected intravenously and slowly over a long period,
thus imitating the normal process of absorption.
This method might give information not easily
obtainable by a single rapid injection. This could
be of particular importance in this patient. The
objection has been made against this method that
individual blood glucose-time curves frequently
show irregularities, and we therefore give the
results obtained in our patient with reservation.
He was given an injection of 5% glucose in distilled
water over a period of 60 minutes at the rate of
340 mg. of glucose per minute.

(b) Epinephrine tolerance test: a blood sugar
curve following the subcutaneous administration
of 0 5 ml. of 1: 1,000 solution of epinephrine.

(c) Glucagon tolerance test: a blood sugar curve
following the intramuscular administration of
2 4 mg. of glucagon.*

(d) Repeated fasting blood sugar determinations.
(e) Uric acid in blood under fasting conditions.
(f) Cholesterol in plasma under fasting conditions.
(g) Glycogen content of blood. (h) Serum proteins
by method of Majoor (1947). (i) Sedimentation rate

* Glucagon (Lilly) was provided by Professor Rossi (Bern) and
by Eli Lilly and Company, Indianapolis, (U.S.A.).

of erythrocytes. (j) Urine examination. (k) 17-
hydroxycorticosteroids of blood.

Case 1. Male, at present 38 years old. No complaints.
Height 1-78 m., weight 87 kg. A physical examination
disclosed no abnormalities; the liver was just palpable.
He is married, and has two healthy sons, 7 and 8 years
old respectively.

Case 2. Female, at present 32 years old. No com-
plaints. Height 1*68 m., weight 66 kg. A physical
examination disclosed no abnormalities; the liver was
just palpable. She is married, and has a healthy son of
4 years.

Results and Comment
The results of the tests (a), (b) and (c) in both

patients are summarized in Figs. 1 and 2, and those
of the tests (d)-(k) in Table 1.

TABLE 1
TEST RESULTS

Case 1 Case 2

Fasting blood stigar (mg./100 ml.) 75, 73, 70 83, 72, 79
Blood glycogen (mg./100 ml.) .. 27-5 8-2
Serum alkaline phosphatase (Bodansky

units) . . 42 2
Cholesterol (mg./100 ml.) .. 340 5 173
Serum proteins (total) (g./100 ml.!. 7-56 8-15

albumin . . 3 96 3-60
pseudoglobulin. 2-34 2-87
euglobulin. 126 1*68

Erythrocyte sedimentation rate
(mm first hour) .8 7

Blood uric acid (mg./100 ml.) .. 5 6-2
Blood 17-hydroxycorticosteroids

(mg./lOOml.). 8-1

Case 1. Urine. (1) During glucose tolerance test:
urine in fasting condition and during first hour of test
free of acetone and reducing substance.

(2) During epinephrine tolerance test: urine at the
end of the test: acetone positive, diacetic acid negative,
reduction negative.

(3) During glucagon tolerance test: urine in fasting
condition: acetone weakly positive, reducing substance
negative. At 1, 2 and 3 hours after injection of glucagon,
acetone present in all specimens of urine but reducing
substances absent.

298

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.34.176.298 on 1 A
ugust 1959. D

ow
nloaded from

 

http://adc.bmj.com/


GLYCOGEN DISEASE

125

01

E
100

0

n

a 75
0
0
-J

50

MINUT E S
FIG. I.-Patient 1: --- Continuous intravenous glucose tolerance test for 60 minutes, - - - - Epinephrine tolerance test,

... .... Glucagon tolerance test.
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FIG. 2.-Patient 2: -Intravenous glucese tolerance test, Ep.nephrine tolerance test, ...........................Glucagontolerancetest.
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ARCHIVES OF DISEASE IN CHILDHOOD
Case 2. Urine. (1) During glucose tolerance test:

acetone and reducing substances absent from all
specimens.

(2) During epinephrine tolerance test: under fasting
conditions no acetone or reducing substances in the
urine; 75 minutes and three hours after injection acetone
present, reducing substances absent.

(3) During glucagon tolerance test: reducing sub-
stances absent from all urine specimens; one and a half
hours and three hours after injection test for acetone
weakly positive.

After the injection of glucagon both patients had
temporary slight complaints, consisting of slight con-
gestive complaints in Case 1 and slight nausea and
chilliness in Case 2. These symptoms appeared in Case 1
between two and a half and three hours after the glucagon
injection and disappeared in a few minutes. In Case 2
the symptoms appeared about one hour after the glucagon
injection and lasted for about 20 minutes.

Results

The fasting blood sugar values in both patients
are now, as in 1952, on the low side of normal. In
the male patient (Case 1) cholesterol and glycogen
in the blood are still increased. Blood uric acid,
found to be increased by Jeune, Charrat and
Bertrand (1957), was normal in both our cases.
Acetone is absent from the urine in the fasting con-
dition or is only weakly positive (before the glucagon
tolerance test in Case 1). From the blood sugar
curve after the continuous intravenous glucose test
in Case 1, we can only say that at the end of the
infusion the curve showed a distinct plateau. This
could point to a difficulty in the fixation of glucose.
After the end of the infusion a rapid decrease of the
glucose to the fasting value occurred. In Case 2
the intravenous glucose tolerance curve was
practically normal.

Following epinephrine administration the blood
sugar level in Case 1 dropped immediately and
remained depressed during the two hours of observa-
tion. In Case 2 this decrease was not observed,
but an initial increase failed and half an hour after
the injection a very slight increase followed which
remained for the duration of observation. In both
patients acetone appeared in the urine after epine-
phrine injection.
Glucagon in amounts which in normal adults

cause a pronounced elevation in blood sugar con-
centration, produced no increase of blood sugar in
either of our patients. As already noted both
patients complained of slight transient symptoms
following the glucagon injection.

1 7-Hydroxycorticosteroids in blood in Case 1
corresponded to the mean of six determinations (by
F. Kuipers) in a normal adult.

Comment
As a result of this study it can be said that our

two patients still show abnormalities of metabolism,
especially as regards the absence of a hyperglycaemic
effect following the injection of epinephrine and
glucagon.
The effect of the injection of epinephrine is also

abnormal as regards the appearance of acetone in
the urine.
The lack of or an inadequate hyperglycaemic

response to the administration of glucagon in
children with this type of glycogen disease has
already been noted by several authors (Ulstrom,
Ziegler, Doeden and McQuarrie, 1952; Schulman
and Saturen, 1954; Carson and Koch, 1955;
Koulischer and Pickering, 1956; Gitzelmann, 1957).
Here we may remark that even many years ago, long
before glucagon was available, the absence of the
so-called initial insulin-hyperglycaemia was noted in
Case 2, when using an insulin which produced such
a hyperglycaemia in normal individuals (van Creveld,
1934).

In a discussion at the Societe de Pediatrie de Paris
in 1957 Clement (1957) remarked, without giving
details, that in an adult with liver glycogen disease
whom he had followed since early childhood the
enlargement of the liver had disappeared and the
blood sugar became normal, but that epinephrine
and glucagon tests were still abnormal.

Esselborn, Davis and Hamblen (1950) described
a female patient of 22 years in whom hepatomegaly
disappeared with the onset of menstruation. How-
ever at the age of 22 hypoglycaemia, acetonuria and
failure to respond to epinephrine still existed.

Gitzelmann (1957) in his studies on the glucagon
problem in glycogen disease comes to the conclusion
that the cases of glycogen liver could be divided into
two groups. The first group should show a normal
glycogenolysis after administration of glucagon, and
in these cases acetonuria and hypoglycaemia should
usually be absent. The second group should show
decreased or only slight glycogenolysis after adminis-
tration of glucagon.

In our cases hypoglycaemia and acetonuria were
present for years and both cases still show a tendency
to ketosis but no signs of glycogenolysis after adminis-
tration of glucagon. In this respect there is therefore
no agreement with the conclusions of Gitzelmann.
Both the absence of a hyperglycaemic effect after

injection of epinephrine and the absence of such an
effect after administration of glucagon in cases of
glycogen liver is regarded as an expression of an
existing enzymatic defect in liver glycogenolysis.
Both hormones exert their effect by increasing the
concentration of active phosphorylase which results
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GL YCOGEN DISEASE 301
in increased glycogenolysis and marked hyper-
glycaemia. The work of Cori and Cori (1952) and
Cori and Schulman (1954) and of de Duve (1953)
must also be mentioned in this respect. Starting
from this effect of administration of glucagon some
authors (Koulischer and Pickering, 1956; Gitzel-
mann, 1957) have already tried in cases of the
hepatomegalic type of glycogen disease to influence
the underlying defect in the enzyme glucose-6-
phosphatase (Cori and Cori, 1952; Cori and
Schulman, 1954) by long term glucagon adminis-
tration either alone or combined with administration
of thyroxine or a thyroid preparation. Here we
must remark that the investigations of G. T. Cori
have shown that the enzymatic deficiency is not
always the same (Illingworth, Cori and Cori, 1956;
Cori, 1957). Moreover, recent researches (Costa,
Galansino and Foia, 1956; Galansino, Pozza, Costa
and Fo'a, 1957) show that long term treatment with
small doses of glucagon does not affect liver
glycogen, whereas repeated large doses produce an
increase in glycogen content.
The absence of response to the injection of

epinephrine and glucagon in both our patients
indicates that the enzymatic defect in glycogenolysis,
whatever it may be (Cori and Cori, 1952; Cori and
Schulman, 1954; Illingworth et al., 1956; Cori,
1957), still exists. When notwithstanding this, the
enlargement of the liver had already disappeared
many years ago and both patients have grown
normally, we must accept that the carbohydrate-
metabolism has taken other ways than normal.
Several possibilities can be considered here. Hubble
(1954), taking advantage of the recommendation to
give additional protein to children with glycogen
disease (Bridge and Holt, 1945), noted an important
increase in height over five years in a boy aged
6 years. In his opinion the requirement of protein
for growth should decrease as age advances, so that
more protein is available for gluconeogenesis. At
the same time anabolic factors would be increasingly
counterbalanced by the catabolic. Further studies
may reveal more about the metabolism in adult
cases of glycogen liver.

Summary
The results of some recent metabolic studies in

two cases of the liver type of glycogen disease are
reported. The patients are now 38 and 32 years
old, and were described in detail for the first time
respectively in 1928 and 1932.

In both cases a marked unresponsiveness to
administration of both epinephrine and glucagon
could still be demonstrated. The fasting blood
sugar in both patients was repeatedly found to be
normal or nearly normal, whereas the tendency to
ketosis had decreased. Glycogen and cholesterol
were still increased in the blood of one patient.
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Addendum

Since this article was written, together with Dr. H. G.
Hers of the Laboratory of Physiological Chemistry,
Louvain (Prof. C. de Duve), we have studied in both
our patients the results of an intravenous galactose
tolerance test, as was recommended in glycogen disease
by Schwarz et al. (1957, Paediatrics, 19, 585) for the
evaluation of glycolytic pathways in the liver. In both
cases the observed conversion of galactose to glucose
pointed to the presence of an active glucose-6-phos-
phatase in the liver. A more precise diagnosis could
not be made from this result.
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