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Extract 

This study reports the effects of frequent glucose feeding on the metabolic abnormalities observed in 
a patient with hepatorenal glycogenosis. Use of this diet resulted in correction of metabolic acidosis 
and hyperlacticacidemia. External calcium balance became positive secondary to a decrease in the 
loss of calcium in urine. Long-term use of the diet caused a reduction to normal values of triglyceride 
and cholesterol levels in serum. Continued use of the diet for nine months resulted in  increased growth 
rate and  increased calcification of bone. Evidence based on excretion of epinephrine and 17-hydroxy- 
corticosteroids in urine did not indicate that  a n  increased excretion of these hormones occurred in 
response to hypoglycemia. Concentrations of growth hormone were low despite hypoglycemia; how- 
ever, after nine months of treatment, the patient showed a rapid decline in the levels of blood sugar 
with a n  increase in the levels of growth hormone in blood. 

Speculation 

Partially controlled hepatorenal glycogenosis is in some ways similar to juvenile diabetes mellitus 
since patients with this disease sustain intermittent starvation of the peripheral tissues for glucose. 
Study of the metabolic sequellae of peripheral glucose deprivation and  repletion in some forms of 
glycogenosis may lead to a better understanding of the complications of juvenile diabetes mellitus. 

Introduction 

The major metabolic sequellae of hepatorenal glyco- 
genosis (HRG) are considered to be secondary to an 
inability of the liver lacking glucose-6-phosphatase 
activity to supply the need of peripheral tissues for 
glucose [20]. Frequent glucose feeding is generally 
considered to be the most effective treatment for this 
form of glycogen storage disease [6,22,37]. Short-term 
observations support this conviction [20, 21, 22, 301, 
but there are few published data describing the long- 
term effectiveness of this therapy. This study attempted 
to evaluate the initial and long-term effects of glucose 

feeding on the hyperlacticacidemia, hyperuricemia, 
and metabolic acidosis associated with this disease. 
Balances of external calcium and phosphorus were 
measured during initial treatment to determine 
whether excessive urinary loss or defectiveabsorptionof 
calcium [9] lead to the osteoporosis and pathologic 
fractures observed. Because the patient exhibited 
growth failure, osteoporosis, and serum lipid abnor- 
malities, the responses to the dietary program of plasma 
growth hormone, adrenal steriod production, and 
catecholamine excretion were evaluated. An improved 
growth rate followed institution of dietary therapy for 
nine months. 



Case Report 

A 9 %-year-old Caucasian boy was first admitted to 
the University of Michigan Medical Center at 19 
months of age for evaluation of an enlarged liver. Ab- 
dominal enlargement was noticed by his parents at six 
months of age. Past history documented the occurrence 
of numerous unexplained convulsions during the first 
week of life and poor weight gain after sixmonthsof age. 

Physical examination showed a thin child lvith a 
massively enlarged abdomen. Height and weight were 
81 cm and 10.9 kg, respectively. The liver was palpable 
at  the iliac crest. The following laboratory studies in 
blood were obtained: pH, 7.25; total CO,, 12 mm/l; 
fasting sugar (Somogyi-Nelson), 20 mg/100 ml; BUN, 
14 mg/100 ml; total lipids, 1.8 g/100 ml.An epinephrine 
stimulation test (0.1 ml of 1 : 1000 epinephrine injected 
subcutaneously) gave the following results: pre-injec- 
tion for glucose, 1 1 mg/ 100 ml ; 15 minutes, 5 mg/ 100 
ml; 30 minutes, 10 mg/100 ml; 45 minutes, 11 mg/ 
100 ml. A significant ketonuria was present. X-ray 
examinations showed bilaterally enlarged kidneys and 
demineralization of the distal femurs. A diagnosis of 
glycogen storage disease was made and the patient 
was discharged. The parents were instructed to provide 
a high protein diet to be offered frequently. Sodium 
bicarbonate to be administered by mouth was pre- 
scribed to ameliorate metabolic acidosis. 

During the following eight years he was admitted 
frequently for treatment of metabolic acidosis precipi- 
tated by respiratory infections. Epistaxes were com- 
mon; on two occasions these were sufficiently severe to 
require blood transfusions. During this interval he 
sustained three fractures with minimal trauma; roent- 
genograms consistently showed poor mineralization of 
bones. At nine years of age, the patient developed 
hematuria. Intravenous pyelograms showed symetri- 
cally enlarged kidneys and a partially calcified calculus 
in the middle calyx of the right kidney. Throughout 
this period the patient had progressed normally in 
school, performing above average in the fourth grade. 
Height had remained below the 3rd percentile. Epi- 
sodes consistent with hypoglycemia were rare. 

Farnib History 
The parents were of Caucasian descent and un- 

related. There were two siblings, a seven-year-old 
sister who was apparently well and a two-year-old 
sister who had HRG. The latter had exhibited skeletal 
demineralization and had sustained three fractures the 
preceding year. 

Present Admission 
On admission, the patient appeared alert and in no 

distress, though obviously hyperpneic. Height and 

Table la .  Intravenous galactose1 tolerance test 

Time (minutes) 0 10 20 30 40 

Glucose (mg/100 ml) 10 10 10 10 10 
Total reducing substance 

(mg/ 100 m1) 11 124 81 27 24 
Lacticacid(mg/100ml) 152179189161171  

1 g/kg intravenously during initial 3 minutes follow- 
ing zero time sample. 
Glucose oxidase. 
Somogyi-Nelson. 

Table Ib. Glucagonl stimulation test (2 hours post- 
prandial) 

Time (minutes) 0 10 20 30 40 60 

Glucose (mg/100 ml) 46 40 38 36 34 30 
Lactic acid (mg/100 ml) 52 67 62 69 67 70 

1 mg given intravenously at  zero time. 

weight were 12 1 cm and 24.4 kg, respectively. The liver 
was palpable 17 cm below the costal margin in the 
right midclavicular line, 15 cm below the zyphoid, 
and 9 cm below the costal margin in the left midclavi- 
cular line. The spleen was not palpable. There were 
no xanthoma. Neurologic examination was negative. 

Laboratory studies revealed the following: Hb, 
11 g/100 ml; white blood count, 5000; blood pH, 7.22; 
total plasma CO, content, 8.3 mm/l; chloride, 100 
mEq/l; sodium 147 mEq/l; potassium, 4.8 mEq/l; 
total serum lipids, 1924 mg/100 ml; free fatty acids, 
1.4 mEq/l; triglyceride lipids, 800 mg/100 ml; phos- 
pholipids, 600 mg/100 ml; and total cholesterol, 353 
mg/100 ml. Concentration of glycogen in erythrocytes 
was 13 1 pglg hemoglobin. The results of an intravenous 
galactose tolerance test [30] and a two-hour postpran- 
dial glucagon stimulation test [13] are given in tables 
I a  and I b  respectively. 

Roentgenograms of the hands showed a significantly 
delayed bone age and diffuse demineralization. 

Methods 

Following admission, the patient was allowed activity 
as desired and was studied for four periods, the first 
and fourth being controls and the middle two while 
receiving a specific regimen. Protein, fat, and mineral 



Table IIa. Composition of diet (24-hour intake) 

Period Days Total CHO Protein Fat Calcium Phosphor- Total 
Mixed Supplements mEq ous calories 
CHO1 Sucrose Glucose mM 

Control 1- 6 95 (240)c3 (0) 53 52 32.6 (11.6)3 25 (6)3 2070 
Treatment period 1 7-10 95 (0) (240)3 53 52 32.6 (11.6)3 25 (6)3 2070 
Treatmentperiod2 10-15 95 (0) (280)3 53 52 32.6(11.6)3 25(6)3 2230 
Control 16-21 95 (240) '~~  (0) 53 52 32.6(11.6)3 25(6)3 2070 

-- -- 

1 Dietary starches in bread and cereal; fructose in fruit; lactose in milk. Monosaccharide content: glucose 68 g; 
fructose 14 g; galactose 13 g. 
Monosaccharide content: glucose 120 g; fructose 120 g. 
Added to diet as a supplement. 

Table IIb. Hexose content of the diet (24-hour intake) 

Period Days Glucose Fructose Galactose 

g g g 

Control 1 - 6  188 134 13 
Treatment 

period 1 7-10 308 14 13 
Treatment 

period 2 10-15 348 14 13 
Control 15-2 1 188 134 13 

intakes were constant throughout the study periods 
(tables I I a  and I1 b). The diet contained 500 g of milk 
during both treatment and control periods. Dibasic 
calcium phosphate (CaHPO, . 2 H,O) 0.5 g given 
twice a day added 11.6 mEq of calcium and 6 mM of 
phosphorus to the diet. The patient received 200 units 
of vitamin D in milk, plus 200 units of vitamin D in a 
standard multivitamin preparation. During the con- 
trol periods, he received a portion of the diet in mid- 
afternoon (200 g milk) and early evening (200 g milk), 
but no feedings were given after 9 p.m. The carbo- 
hydrate supplement, sucrose, was given with meals. 
During the experimental periods, he received the same 
total quantity of milk with meals, but glucose was sub- 
stituted for sucrose in isocaloric quantities during 
Treatment Period No. 1 and in slightly greater quan- 
tities during Treatment Period No. 2. During the treat- 
ment periods, the diet was divided to assure that the 
patient received a minimum of 1 g/kg of glucose every 
3 hours. This was achieved by giving him 30 g (Treat- 
ment Period No. 1) or 35 g (Treatment Period No.2) 

of glucose in lemonade every 3 hours. Observations 
obtained during both treatment periods are combined. 

In selecting the 'control' diet, an attempt was made 
to approach the previous home diet as closely as pos- 
sible. In order to keep the protein, fat, and mineral 
intake constant, no complex carbohydrate was sub- 
stituted for glucose during the control period during 
the night hours. Any similar but spontaneous increase 
in carbohydrate in the home diet would likely have 
been in the form of sucrose contained in pastries or 
candy. Sucrose was therefore used in order to maintain 
an isocaloric intake despite a potential for aggravating 
the organic acidosis as a result of the fructose content 
of sucrose [5, 61. 

Calcium was added because the dietary history 
suggested that the patient's calcium intake at home 
had been at the lower limits of normal for a child of 
his age [40]. The patient received the control diet for 
two days prior to initiation of the observations. No food 
was rejected nor were alkali supplements given during 
the study. 

Following completion of the balance studies, the 
patient was discharged; an unrestricted diet supple- 
mented by feedings of 1% g glucose/kg body weight at 
3-hour intervals was prescribed. Supplemental calcium 
and vitamin D were not continued following comple- 
tion of the balance studies. Reevaluation was made in 
the Out-Patient Department after 90 days and, again, 
after 2 10 days of the treatment program. 

Blood samples for study were drawn prior to the 
8 a.m. meal. Twenty-four urine specimens were col- 
lected hourly for 24 hours beginning at 7 a.m. and 
immediately refrigerated at 4'. An aliquot of each 24- 
hour specimen was frozen at -20" until analyzed. 
Urine specimens for catecholamine determination 
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were obtained by splitting each voiding and placing 
half of the specimen in a dark bottle containing 10 ml 
1 N HCl. Stool specimens were collected and refriger- 
ated at 4" until a 72-hour collection was completed. 
Each complete collection was homogenized and ana- 
lyzed. Results were reported in mean excretion per 
24 hours. Na and K in the stool were measured by 
flame photometry and calcium by atomic absorption 
spectroscopy. Phosphorus was measured by the method 
of FISKE and SUBBA ROW [8]. 

Levels of Na, K, pH, and total bicarbonate in blood 
were analyzed as described previously [25]. Uric acid 
levels in serum were determined by reaction with alka- 
line phosphotungstate using the Technicon Auto- 
Analyzer method [lo]. Phosphorus in serum was deter- 
mined by the method of FISKE and SUBBA ROW [8]. 
Glucose was determined by the glucose oxidase tech- 
nique (Glucostat) and blood-reducing substances by 
the Somogyi-Nelson method [35]. Lactic acid was 
measured by an enzymatic method [32] and free fatty 
acids by ITAYA and UI's modification of the Duncomb 
colorimetric method [15]. Cholesterol, triglycerides, 
and phospholipids in serum were measured by methods 
of ZURKOWSKI [43], JAGANNATHAN [16], and HENRY 
[l l] ,  respectively. Erythrocyte glycogen was deter- 
mined by the method described by SIDBURY [31]. 

Urine pH was measured using a radiometer pH 
meter, and titratable acidity by titrating the urine to 
pH 7.4. Total urine CO, was measured by the standard 
Van Slyke method [26], the bicarbonate content of 
urine was calculated by use of nomograms, and urine 
ammonia by the method of Bertholot as described by 
HENRY [I  11. Calcium, sodium, potassium, and phos- 
phorus in urine were determined as they were in stool. 
Organic acids were measured according to RELMAN 
[25]. Epinephrine and norepinephrine in urine were 
determined by VON EULER'S modification of the tri- 
hydroxyindole method [39] and vanilmandelic acid 
by the method of PISANO [27]. Urinary 17-OH corti- 
costeroids were measured as Porter-Silber chromogens 
[33]. Growth hormone was determined by a modifica- 
tion of the radio-immunoassay method of BERSON and 
YALOW 1171 ; the standard used was Wilhelmi human 
growth hormone, HS 612B. The sensitivity of the 
method was 0.1 ng/ml serum. Metabolic data were 
plotted according to the convention of ALBRIGHT and 
REIFENSTEIN [I]. 

Results 

Data obtained during the control and treatment per- 
iods are listed in table 111. During the control period, 
the patient demonstrated persistent hypoglycemia, 
hyperlacticacidemia, and metabolic acidosis. Despite 

severe acidosis, urinary pH did not fall below 5.5 units. 
During the treatment period, blood values returned 
toward normal. There was a profound decrease in net 
acid excretion associated with the correction of the 
acidosis. The decrease of both titratable acidity and 
ammonium excretion occurred within the first 24 hours 
and was associated with renal bicarbonate excretion. 
During the next five days, there was a constant rise in 
titratable acidity to levels approaching those occurring 
during the control period. The decrease in net acid 
excretion was accompanied by a decrease in organic 
acid excretion. The reduction of organic acid excretion 
during treatment was due to a decrease in lactic acid 
excretion (fig. 1). All findings reverted toward the 
original state with resumption of the control diet. 
Again, it was noted that despite significant acidosis, 
the urinary pH did not fall below 5.5. During the nine 
months of therapy, several measurements of total CO, 
in plasma ranged between 22 and 24 mEq/l in first 
morning samples. 

External calcium balances during three periods of 
study are shown in figure 2. A sharp fall in excretion 
of urinary calcium occurred within 24 hours following 
initiation of treatment (table 111). Calcium balance, 
which was negative during the control period, became 
slightly positive and remainedso throughout treatment. 
Fecal calcium remained relatively constant during all 
three periods. Blood calcium declined during treat- 
ment and returned to the previous concentration as 
acidosis recurred. 

Control I Treatment I Control 
I 

Days 

Fig. I. Effect of frequent carbohydrate feeding on urin- 
ary excretion of organic acids. 



Table III. Metabolic effects 

Venous Plasma Blood 

Blood Total Uric Glu. Lac- pH HCO, 
pH CO, Na K Ca P acid tate 
-- -- 

m ~ / l  m ~ q / l  mg/100 ml mM/ 

day 

Control 
1 
2 
3 
4 
5 
6 

7.26 9.5 146 5.8 10.0 4.0 28 130 5.8 0.1 
5.6 0.3 
5.6 0.2 

7.26 10.4 10.5 4.7 19 196 5.7 0.6 
5.9 0.8 

7.28 12.0 141 5.3 11.0 3.7 12.0 25 5.9 1.3 - 
Average: 0.5 

Treatment 
7 
8 
9 
10 
1 l1 
12 
13 
14 
15 

Average: 2.9 

Control 
16 
17 
18 
19 
20 
2 1 

5.8 0.6 
10 6.1 1.0 

7.27 14.7 144 5.2 10.5 5.1 21 131 6.0 0.2 
6.2 0.8 

11.5 6.1 0.2 
7.26 12.7 144 5.1 10.0 4.1 6.5 1.0 

Average: 0.6 

1 Onset treatment period 2. Titratable acidity. TA+NH,-HCO, = net acid. 

Urinary phosphorus excretion decreased slightly 
during treatment. Phosphorus balances were negative 
during the first control period (-0.2 mM/day), became 
positive during treatment (+2.9/mM/day), and began 
to decrease during the final control period (+ 1.0 
mM/day). 

Roentgenograms of the bones obtained after 90 days 
of treatment showed broadened zones of provisional 
calcification in the distal tibia and fibula, as well as in 
the radius and ulna. The greater multangular bone 
of the right wrist had doubled in size. 

Concentration of uric acid in blood fell sharply 
during treatment and returned to previous levels dur- 
ing the control period. A sudden increment in the daily 

excretion of uric acid occurred on the first day of 
treatment; a sharp decline occurred on the first day 
the patient returned to the control diet. After seven 
months of treatment at home, the level of uric acid in 
serum was 9.8 mg/100 ml. 

During the first control period, the patient demon- 
strated hypercholesterolemia, hyperphospholipemia, 
and hyperglyceridemia (table IV). Five days after 
treatment was begun (day 11, table IV), levels of all 
three lipid fractions had increased further; however, 
by the end of the treatment period, the triglyceride 
levels had decreased below the initial ones and the 
phospholipid levels were declining. Within 210 days, 
the total cholesterol and triglyceride levels had return- 
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of frequent glucose feedings 

Urine Stool 

TA2 NH, Net3 Organic Lactic K Na Ca P Creati- Uric Ca Na K P 
acid acids acid nine acid 

mEq/24 h mM/ mg/24 h mEq/da~  mM/ 

day day 

ed to normal concentrations, but those of the phospho- 
lipids remained elevated. 

The excretion of epinephrine, norepinephrine, and 
vanilmandelic acid in urine was measured daily during 
the last three days of each period. Levels were similar; 
the average values are shown in table V. 

The excretion of 17-OH corticosteriods in urine over 
a 24-hour period was measured on two consecutive 
days during each period. There was no difference be- 
tween the control (2.6 mg/24 h) and the treatment 
(2.3 mg/24 h) periods. 

Concentrations of growth hormone and glucose, 
the latter shown in parenthesis, measured in serum 
drawn at 8 a.m. on days 1, 15, and 17 were 1.9 ngjml 

11 Pediat. Res., Vol. 3, No. 2 (1969) 

(28 mg/100 ml), 0.9 ng/ml (53 mg/100 ml), and 1.7 
ng/ml (10 mg/100 ml), respectively [44]. Samples on 
days 1 and 17 were taken after a 12-hour fast. The 
sample on day 15 was taken 3 hours after the patient 
had received 35 g of glucose. Four months after con- 
tinuous use of the prescribed diet, growth hormone 
level 3 hours after a glucose feeding was 0.6 ng/ml, 
when the glucose level in blood was 34 mg/100 ml. 
Following continuous use of the diet lor six months, 
a sample of blood taken 5 hours after a glucose feeding 
contained 2 ng/ml of growth hormone at a time when 
the glucose level was 12 mg/100 ml. The patient was 
experiencing symptoms suggesting hypoglycemia at 
the time this latter sample was obtained. After nine 
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Blood 
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Fig. 2. Effect of frequent carbohydrate feeding on the 
external calcium balance in hepato-renal glycogenosis. 
Calcium intake (0.89 g/day) is plotted from base line 
downward; excretion is plotted from the intake line 
upward. 

r Urinary excretion I 

0 1 2 3 4  
Hours 

Fig.3. The response of growth hormone concentration 
in serum and urinary excretion of catecholamines to 
an oral glucose load (1.5 g glucose/kg body weight at 
0 time) after nine months of frequent carbohydrate 
feedings. 

Table IV. Effect of frequent glucose feeding on the 
serum lipid concentrations 

Period 

Day 
Control Treatment 

1 11 15 90 210 

Cholesterol 
(mg/100 ml) 353 468 452 230 219 

Phospholipids 
(mgJ100 ml) 600 812 590 430 

Triglycerides 
(mg/100 ml) 800 1100 550 206 97 

Table V. Catecholamine excretion during dietary treat- 
ment 

Control 1 9.6 29.2 5.2 
Treatment 13.8 29.7 4.9 
Control 2 7.8 28.5 5.2 

Normal v a l u e s V . 4 + 5 . 1  25.3f 3.1 4.9h0.7 

A = epinephrine. 
? Cr = creatinine. 

NA = norepinephrine. 
VMA = vanilmandelic acid. 
MeankSD for children by our laboratory. 

Table VI. Changes in levels ofgrowth hormone, glucose, 
and lactate in blood in response to glucose load after 

nine months of frequent carbohydrate feedings 

Time (h) 0 1 2 2 %  3 3 %  4 

Growth 
hormone 

(n~ /ml )  1.6 2.0 1.6 1.7 5.0 1.6 5.0 

Glucose 
(mg/100 ml) 52 137 140 96 72 53 46 

Lactate 
(mg/100 ml) 50.5 55.2 42.4 42.4 47.4 58.3 75.6 
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months on the diet, the patient was again studied. 
After fasting for 3 hours, he received glucose (1 l/, g/kg) 
by mouth. Following this, the growth hormone re- 
sponse to the spontaneous fall in blood sugar was ob- 
served for 4 hours. After 4 hours, the patient became 
restless and confused. The symptoms were attributed 
to the presence of hypoglycemia and the test was ter- 
minated. The results of that test are shown in figure 3. 
The data indicate that the levels of growth hormone 
were elevated when a rapid fall in blood glucose oc- 
curred. Catecholamine excretions were not increased 
during the test. 

Figure 4 illustrates the improved growth of the pa- 
tient following the initiation of frequent glucose feed- 
ings. 

6 7 8 9 \lo 11 
Age in years Diet started 

Fig. 4. Effect of frequent carbohydrate feeding on linear 
growth of a patient with hepatorenal glycogenosis. 

Discussion 

The defect in glycogen metabolism in this patient was 
not proved by enzymatic methods. The clinical picture 
of massive hepatomegaly, dwarfism, and hypoglyce- 
mia is consistent with the diagnosis of a glycogenosis. 
A deficiency of amylo 1,6 glycosidase would have been 
expected to cause an elevation in erythrocyte glycogen 
content [31], a rise in the concentration of blood 
glucose following the 2-hour postprandial glucagon 
stimulation test [13], and a normal intravenous galac- 
tose tolerance test [30]. Liver phosphorylase deficiency 
appears to be a milder clinical disease than that pre- 
sented by this patient; in addition, his condition was 
unassociated with the abnormality found in patients 
with phosphorylase deficiency following infusion of 
galactose [5, 18, 371. The abnormal glucagon and 

intravenous galactose tolerance tests strongly suggest 
a deficiency in glucose-6-phosphatase activity. 

The data support the value of frequent glucose feed- 
i n g ~  in correcting the metabolic acidosis of this form 
of glycogen storage disease. They do not exclude the 
possibility that the fructose ingested as sucrose during 
the control periods may have aggravated the lactate 
retention and that some of the improvement noted in 
this patient during frequent glucose feeding was sec- 
ondary to the withdrawal of fructose [5]. There are 
no data available that describe the extent to which 
lactate is accumulated when glucose and fructose are 
given simultaneously, such as occurs when sucrose is 
ingested. In this patient, the significant contribution 
of lactic acid in the production of metabolic acidosis 
[21, 22, 341 during the control periods was indicated 
by the accumulation of 2 1 mEq/l of lactate in the blood 
by the fourth day. The source of this lactate during the 
fasting state appeared to be due to hepatic glycolysis, 
indicated by the greater concentration of lactate in 
arterial blood than in venous blood [12, 221. The 
stimulus to this glycolysis is postulated to be peripheral 
hypoglycemia and may be mediated by either glucagon 
or epinephrine. SOKAL et al. (341 have presented in- 
direct evidence that glucagon, not epinephrine, is the 
mediator of this effect. Since serial blood samples re- 
flect the immediate metabolic status, not the undulat- 
ing changes likely to occur throughout 24-hour periods 
[5], comparing daily urinary measurements may re- 
flect a more accurate net balance achieved by frequent 
glucose feeding. It is probable that lactate accumulat- 
ed, but not excreted, in urine throughout the fasting 
portions of the control periods was at least partially 
metabolized during the day when adequate peripheral 
glucose concentrations fromsucrose and complexcarbo- 
hydrates inhibited the stimuli to glycolysis. This could 
have resulted in some restoration of the buffers during 
the nonfasting state. This concept is supported by the 
rapid decline in urinary net acid excretion accompani- 
ed by the loss of bicarbonate in the urine on the first 
treatment day. During treatment, the patient did not 
have a positive qualitative test for urinary ketones. 
Since the difference in the organic aciduria that oc- 
curred during the control and treatment periods was 
probably the result of lacticaciduria, urinary ketone 
bodies could not have contributed significantly to 
the organic aciduria in this patient. The degree of 
ketonuria is known to be variable in patients with 
glucose-6-phosphatase deficiency, and severe acidosis 
can occur without acetonuria [6]. 

The patient studied appeared to have an inadequate 
renal response to an acid load, indicated by a urinary 
pH that did not fall below 5.6, despite an apparent 
relatively constant state of metabolic acidosis. Evi- 
dence to support the presence of this defect would be 



stronger if frequent blood samples had been obtained 
throughout the day to prove the persistence of the 
acidotic state. Evaluation of the patient after eight 
months of dietary therapy indicated the ability to 
produce a urine of pH 4.5 after a 3-hour fast. Transient 
defects in acidification have been described in meta- 
bolic diseases associated with potassiumdeficiency [23], 
galactosemia [14], and vitamin D deficiency [41] ; the 
mechanisms are probably multiple. Further studies 
are needed to confirm the presence of such defects in 
patients with glycogenosis. 

I t  has been generally believed that the major effect 
of metabolic acidosis on calcium metabolism is an 
increased loss of calcium in urine. More recently, 
reported evidence has implicated the gastrointestinal 
tract as an important route of calcium loss in the meta- 
bolic acidosis of uremia [36] and in renal tubular 
acidosis [9]. Most studies of this problem have required 
production of metabolic acidosis after ingestion of 
ammonium chloride or correction of a chronic acidosis 
by ingestion of citrate or bicarbonate. The present 
patient presented an opportunity to study external 
calcium balance during the correction of acidosis 
without the use of alkalinizing salts. Figure 2 compares 
external calcium balance to acidosis. In this patient, 
it is apparent that metabolic acidosis affected most the 
urinary excretion of calcium and that fecal excretion 
actually increased during correction of the acidosis. 
Calculation of the ratios of calcium : creatinine excreted 
daily and comparison of these values with the normal 
values described by NORDIN [24] indicate that although 
significant correction of urinary calcium losses occur- 
red, normal levels were not reached during treatment. 
The large negative balance of calcium exhibited at 
the onset of the study probably represented acute bone 
depletion secondary to increasing acidosis [19]. This 
may have been the result of the discontinuation of 
alkalizing salts, the addition of fructose to the diet as 
sucrose, or the institution of fixed feeding periods, 
since prior to the study, the patient usually ate before 
8 a.m. and as late as 11 p.m. 

This study fails to explain the fall in calcium levels 
in serum during correction of the acidotic state. The 
reduction, in the presence of increasing retention of 
calcium, suggests increasing deposition of calcium at 
some site, probably bone. The studies by LEMANN et al. 
[I91 on the effect of ammonium chloride acidosis on 
calcium and phosphate metabolism did not show a 
similar fall during the correction of acidosis. 

During treatment, levels of urate in blood could be 
controlled by frequent glucose feeding. The elevation 
of uric acid in blood found in patients with glyco- 
genosis has been attributed to a competitive inhibition 
of renal tubular uric acid secretion by lactate [7], 
/3-hydroxybutyric acid [2], and increased synthesis of 

uric acid [2]. Despite continuous use of the diet for 
nine months at home while the activity of the patient 
was unrestricted, urate concentrations in blood were 
continued at levels between 9 and 10 mg/100 mg/ 
100 ml. These probably reflected the abnormal level 
of lactate, 40 mg/100 nll, the patient maintained while 
at home. 

The etiology of hyperlipemia associated with glu- 
cose-6-phosphatase deficiency is unknown. Hypogly- 
cemia results in mobilization of free fatty acids and 
increased synthesis of lipids secondary to the augment- 
ed production of TPNH and glycerol [20]. Increased 
elevation of serum lipids on the eleventh day of the 
treatment period, in comparison with the initial values 
(table IV), may be an example of carbohydrate- 
induced hyperlipemia [3], since both control and treat- 
ment diets contained more carbohydrate than was 
usually ingested by the patient at home. The steady 
decline of the triglyceride and cholesterol levels (days 
90 and 210) indicates the effectiveness of frequent 
glucose feedings in controlling the hyperlipemia of this 
form of glycogenosis. The persistent elevation of the 
phospholipids cannot be explained. During treatment, 
the liver decreased considerably in size. This decrease 
may have been due to a reduction in fatty infiltration 
[20], since it seems improbable that frequent glucose 
feedings would decrease glycogen accumulation in 
liver. 

It was expected that the excretion of epinephrine in 
urine would increase in response to the hypoglycemia. 
No increase was noted. Such a response has been 
demonstrated by BROBERGER and ZETTERSTROM [4] 
following insulin tolerance tests in normal children. 
If a response of the magnitude seen by these investiga- 
tors had been present in our patient, it should have been 
evident even in the 24-hour collection periods. That 
the hypoglycemia was metabolically significant is 
substantiated by the increased levels of growth hor- 
mone and lactate in plasma. 

The lack of increased urinary excretion of 17-OH 
corticosteroids during both control and treatment per- 
iods was surprising and may indicate that this patient 
did not have a significant cortisol response to hypo- 
glycemia. 

The concentrations of growth hormone in serum 
observed in this patient during the initial studies in- 
dicated an inadequate response to hypoglycemia. The 
persistently low levels of growth hormone associated 
with severe hypoglycemia following fasts of varying 
duration prompted the evaluation of the effect of a 
rapid decline of blood sugar on growth hormone con- 
centration after nine months of dietary therapy (fig. 3). 
The data demonstrate that at the time of this test, the 
patient was able to respond to developing hypoglyce- 
mia with a significant rise in growth hormone levels 
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in serum. It is known that concentrations of growth 
hormone undergo considerable fluctuation during a 
24-hour period in children [29], but there are no data 
indicating that the consistently low levels demonstrated 
in this patient in the presence of severe hypoglycemia 
could be a manifestation of sampling. The low levels 
of growth hormone observed during the initial studies 
possibly reflect depletion of growth hormone. 

During the ninemonths that this patient remained on 
a regimen with frequent glucosefeeding, it became ap- 
parent that hewasmuchmoresusceptibletosymptomat- 
ic hypoglycemia than he had been prior to theinitiation 
of the diet. Before dietary therapy his mental processes 
werenormal despite hypoglycemiaatorbelow1Omg/100 
ml maintained for several hours. After nine months 
of therapy, a delay in feeding for only 30-60 minutes 
could precipitate hypoglycemia and disturbed con- 
sciousness. This suggests that treatment shouldbeiniti- 
ated with caution, with rigorous adherence to the pro- 
gramonceinitiated,particularly during the night hours. 
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