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Extract

After the infusion of fructose, 0.25 g/kg body wt, the mean peak
plasma uric acid level was 5.4 + 0.7 (SEM) mg/100 ml in six
normal children and was not significantly increased compared with
that of the mean basal value of 4.1 + 0.5 mg/100 ml. The mean
blood inorganic phosphate (P;) levels were significantly less than the
mean fasting value after fructose. Blood glucose, lactic acid, and
fructose levels were significantly increased after fructose, but serum
magnesium levels did not change.

In two patients with hereditary fructose intolerance (HFI) the
peak blood uric acid levels were 12.1 and 7.6 mg/100 ml,
respectively, after fructose. In both patients the blood glucose
concentrations decreased 69 and 26 mg/100 ml below the fasting
levels after fructose. The serum P, level decreased 2.3 and 1.2
mg/100 ml below fasting values, decrements greater than the mean
decrement in serum P, of 0.8 = 0.2 mg/100 ml which occurred in six
normal children.

The mean uric acid excretion, expressed as milligrams per mg
urinary creatinine, was 0.6 = 0.1 (SEM) before fructose in the
normal children and increased significantly to 1.0 + 0.1 mg/mg
creatinine after fructose. In two patients with HFI the uric acid
excretion increased four- to fivefold after fructose administration;
the increased uric acid excretion in HFI exceeded that of normal
children.

In three patients with galactosemia, increases in blood uric acid
levels after galactose ingestion were similar to those in normal
children after fructose, but less than those in patients with HFI after
fructose. The serum P, levels decreased less in galactosemic patients
after galactose administration than in patients with HFIl after
fructose infusion.

These studies support the hypothesis that fructose-induced hyper-
uricemia results from degradation of adenosine monophesphate.
This effect appears to be specific for fructose. The lack of
hyperuricemia in galactosemia patients after galactose ingestion
may be explained by the observation that galactose is phosphoryl-
ated more slowly than fructose.

Speculation

Fructose administration in individuals predisposed to hyperurice-
mia and gout may induce urate overproduction by decreasing
intrahepatic P; and ATP content and ultimately lead to enhanced
nucleotide catabolism. The pathogenesis of increased urate produc-
tion in glycogen storage disease, type I, may be similar to that
proposed for fructose-induced hyperuricemia.

Abnormalities of uric acid metabolism characterized by hyper-
uricemia resulting from increased urate production or decreased
excretion have been described in children with a variety of diseases
(2, 28, 30, 31). Although hyperuricemia may result from excessive

urate production due to absence (49) or partial deficiency (28) of
an enzyme involved in the normal regulation of purine biosynthe-
sis, the precise mechanism responsible for increased production of
uric acid in many children remains unknown. Recent observations
suggest, however, that normal metabolic intermediates may play
an important role in increasing urate production in man.

Fructose administration has induced hyperuricemia in rats (33),
normal subjects (17, 39, 51), children with HFI (17, 39). and in
patients with gout (18, 51). Hyperuricemia after {ructose adminis-
tration in man, however, has not been a consistent finding (13, 44).
Because of this conflicting information and that the effect of
fructose administration on urate metabolism in normal human
subjects appears to be dose related (24), the administration of a
small dose of fructose may allow a greater discrimination of those
individuals who are metabolically predisposed to hyperuricemia.

Although patients with HFI and galactosemia have some similar
clinical and biochemical characteristics, hyperuricemia has not
been reported in untreated patients with galactosemia. Accord-
ingly, investigation of uric acid metabolism in patients with
galactosemia might provide insight into the mechanism of fruc-
tose-induced hyperuricemia.

The purposes of this study were to determine the effects of the
infusion of a smaller dose of fructose than that previously reported
on blood levels of uric acid, P;, lactic acid, and giucose in normal
children and in patients with HFI, and to determine the effects of
galactose administration on similar blood constituents in patients
with galactosemia.

MATERIALS AND METHODS

The study group consisted of six healthy children aged 2-15%;
years: two children, aged 3 and 12%, years, with proven HFI
(absent hepatic fructose-1-P aldolase activities, characteristic
histories, and diagnostic responses to fructose infusion): three
patients, aged 20-23 years, with galactosemia (with absent eryth-
rocyte galactose-1-P uridyl transferase activities and who satisfied
the clinical criteria).

All patients were admitted to the Clinical Research Center of
the Children’s Hospital of Los Angeles. These studies were
approved by the Committee on Human Experimentation of the
Children’s Hospital of Los Angeles, and informed patient and/or
parental consent was obtained before the subjects entered the
study. The normal children were given a 50% carbohydrate diet for
age, the patients with HFI received a fructose-restricted diet, and
those with galactosemia were continued on a galactose-restricted
diet; the diets were isocaloric. Healthy children and patients with
HFI received a fructose tolerance test as follows. After an
overnight fast, fructose, 0.25 g/kg body wt, was administered
intravenously in a 10% solution over 3- 5 min. Blood levels of
glucose, fructose, P, lactic acid, magnesium, and uric acid were
measured in the fasting state and at 10, 20, 30, 40, 50, 60, 80, 100,
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and 120 min. In four normal children and in two patients with
HFI. urine was collected for 4 hr before and for 4 hr after fructose
administration, and urinary excretion of uric acid and creatinine
were measured.

The patients with galactosemia received 50 g galactose orally
after an overnight fast and blood uric acid, glucose, galactose, P,
lactic acid, and erythrocyte galactose-1-phosphate (gal-1-P) were
measured in the fasting state and at 15, 30, 60, 120, 180, and 360
min. The dose of galactose was a standard dose used in galac-
tosemic patients (14).

Blood glucose was measured by a glucose oxidase method (25),
serum lactic acid was measured by the method of Barker and
Summerson (3), blood fructose by the method of Schreiner (46),
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Fig. 1. Mean + SEM responses of blood uric acid. glucose, inorganic

(INORG.) phosphate, lactic acid, and fructose in normal children after
the intravenous administration of fructose. The number (n) of subjects is
indicated in parentheses. The P values indicate the significance of the dif-
ferences between the mean resting (0) values and the mean values at each
time after fructose administration.
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blood galactose and erythrocyte gal-1-P were measured by a
modification of the method as described by Gitzelmann 21n.
Plasma and urinary uric acid were determined by an enzymatic
spectrophotometric method (41). Magnesium was measured by
fluorometric analysis (45) and P, by a modification of the Fiske
and SubbaRow method (16). Data were analyzed for statistical
significance by using a two-tailed. paired Student’s test (50).

RESULTS

NORMAL CHILDREN

Blood. The levels of blood uric acid, glucose, P;, lactic acid, and
fructose after the administration of fructose in six normal children
are indicated in Figure 1.

After the infusion of fructose the mean peak plasma uric acid
level was 5.4 + 0.7 (SEM) mg/100 m! and was not significantly
increased compared with the mean basal value of 4.1 + 0.5
mg/100 ml (P > 0.05). Ten minutes after fructose was adminis-
tered the mean blood glucose concentration was (01.8 + 2.4
mg/ 100 mi and significantly greater than the mean fasting glucose
value of 88.3 + 2.6 mg/100 ml (P > 0.001). The mean delta (A)
glucose was 20.8 + 7.7 mg/100 ml. The mean blood P; levels were
significantly less than the mean fasting value 10, 60, 100, and 120
min after fructose. The mean blood lactic acid level 10 min after
fructose was 18.3 = 1.9 mg/100 ml and significantly greater than
the mean fasting value of 14.3 = 2.1 mg/100 ml (P > 0.005).

Urine. The mean uric acid excretion in four healthy children,
expressed as milligrams per mg urinary creatinine, was 0.6 = 0.1
before fructose and increased significantly to 1.0 = 0.1 after the
administration of fructose (P > 0.02) (Table I).

HEREDITARY FRUCTOSE INTOLERANCE

Blood. The levels of blood uric acid, glucose. P;, lactic acid,
magnesium, and fructose after an infusion of fructose in two
patients with HFI are indicated in Figure 2.

In one patient (RV) the fasting blood uric acid level was 8.7
mg/100 ml and higher than the mean fasting value noted in our
normal children. In RV and in the other patient (J V) the blood uric
acid levels increased to 12.1 and 7.6 mg/100 ml, respectively. The
A uric acid concentrations were 3.4 and 3.3 mg/100 mi in these two
patients and were higher than the mean A uric acid concentration
of 1.1 + 0.4 mg/100 ml of normal children. In the HFI patients the
peak uric acid responses occurred within 20 min after fructose and
were earlier than the peak response in normal children. In both
HFI patients the blood glucose concentrations decreased 69
mg/100 ml and 26 mg/100 ml below the fasting values, respec-

Table 1. Excretion of uric acid 4 hr before and afier intravenous fructose.0.25 g/kg. in normal children and in children with hereditary
fructose intolerance (HFI)

Before fructose

After fructose

Creatinine, Uric acid, Uric acid, Creatinine, Uric acid, Uric acid,
mg/4 hr mg/4 hr mg/mg creatinine mg/4 hr mg/4 hr mg/mg creatinine
Normal children
ML 167.0 79.2 0.47 222.0 226.9 1.02
EL 82.0 40.0 0.49 145.0 139.3 0.96
GC 48.5 27.8 0.57 68.5 56.6 0.83
RK 22 7 299 1.02 28.2 35.2 1.24
Mean 81.20 4422 0.64 115.92 114.50 1.01
+SEM 30.74 11.96 0.13 42.86 43.67 0.08
P < 0.02!
HFI
RV 46.0 68.0 1.48 57.8 330.0 5.53
JV 101.2 44.0 0.43 105.6 241.0 2.28

1 P vaiue refers to the difference between the mean values for urinary uric acid-creatinine before and after fructose in the normal children.
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Fig. 2. Responses of blood uric acid, glucose, inorganic (/INORG.)
phosphate, lactic acid, and fructose in two patients (RV and JV) with
hereditary fructose intolerance after the intravenous administration of
fructose.

tively (Fig. 2). The decreases in P; levels in the two patients with
HFI exceeded the mean decrement in serum P; of 0.8 + 0.2
mg/ 100 ml of normal children. In one patient (R V) the elevation
of the blood lactic acid level after fructose was similar to that of
normal children; however, elevated blood lactic acid levels per-
sisted for 60 min in this patient. In one patient (RV) the serum
magnesium level increased from 2.1 to 2.9 mg/100 ml, an
increment of almost 40%; the mean serum magnesium levels did
not increase after fructose in normal children. The peak blood level
of fructose was 37 mg/100 ml in patient RV and was higher than
the mean peak level of 16.7 = 2.5 mg/100 ml in normal children
after fructose administration. The rate of fructose disappearance
in both HFI patients was similar to that of normal children.

Urine. The excretion of uric acid increased four- fivefold in two
patients with HFI after the administration of fructose, and was
several times greater than that of normal children (Tablel).

GALACTOSEMIA

Blood. The levels of uric acid, glucose, P;, galactose in blood,
and gal-1-P in erythrocytes after galactose ingestion in three
patients with galactosemia are indicated in Figure 3.

The peak uric acid levels occurred 60 to 360 min after the
ingestion of galactose. The uric acid elevations were similar to
those of healthy children after fructose, but much less than the
increases in the HFI patients. The blood glucose levels decreased
4-16 mg/100 ml below the fasting glucose levels between 60 and
120 min after galactose, and the blood galactose concentrations
increased -slowly to peak levels 120 min after ingestion of
galactose. The concentrations of gal-1-P in erythrocytes increased
gradually, reaching peak values 120-360 min after the ingestion of
galactose. The changes in galactose concentration and that of
gal-1-P were accompanied by a slight decrease in the serum P;
levels 120-180 min after ingestion. In the patients with galac-
tosemia the P, levels devreased 50% less after galactose ingestion
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than in the patients with HFI after fructose: the nadir was reached
120-180 min after galactose as compared with 30 min after
fructose in HFL.

DISCUSSION

Recent reports concerning the effect of fructose administration
on serum uric acid levels in man have been conflicting. Perheen-
tupa and Raivio (39) described hyperuricemia in normal children
and in patients with HFI after the intravenous administration of
0.5 g/kg body wt of fructose. Hyperuricemia resulted in adults
with gout (18) after 0.5 g/kg body wt of fructose intravenously
over a 10 -min period but not in normal man when similar doses
were given at a slower rate (13, 44). Oral administration of 1.0
g/kg body wt of fructose resulted in elevations in serum uric acid
levels in gouty patients and in their children (51) in contrast to the
changes noted in normal subjects. Although a significant increase
in serum uric acid levels has been observed in normal men after the
intravenous administration of 1.5 g/kg body wt/hr of fructose
(24), fructose in amounts less than 1.0 g/kg/hr failed to induce
significant hyperuricemia (24).

In the present study, using a smaller dose of fructose than that
previously reported (18, 24, 39, 51) and after a rapid infusion, an

. observable but not statistically significant increase in serum uric
acid levels occurred which was, however, accompanied by a
marked uricosuria in normal children. A similar response has been
noted in normal adults (44). In contrast, hyperuricemia and
hyperuricosuria after fructose were much greater in the two
patients with HFI than in normal children; these observations are
in accord with those of others (39). Our findings emphasize the
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Fig. 3. Responses of blood uric acid, glucose, inorganic (INORG.)
phosphate, galactose, and erythrocyte galactose-1-P (GAL-1-P) after the
ingestion of 50 g galactose in three patients with galactosemia.
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previous observations (24, 44) that a higher total dose given over a
brief period of time is required for the hyperuricemic effect of
fructose in normal subjects.

Since lactic acid decreases the renal clearance of uric acid (54),
the increased blood lactate levels induced by fructose in one of our
patients and others (12, 39) with HFI may have contributed to the
hyperuricemia. Becuase there was an increase in urinary uric acid
excretion in our normal children and in patients with HFI after
fructose administration, as was also observed by others (36, 42), it
is uniikely that increased blood lactic acid levels have an impor-
tant role in increasing serum urate levels.

The mechanism of fructose-induced hyperuricemia has been
attributed to the breakdown of preformed hepatic adenine nucleo-
tides induced by fructose (8, 9, 10, 18, 33, 53). It has been shown
that the rapid phosphorylation of fructose by fructokinase (1, 22,
53) results in the accumulation of fructose-1-P in animal (11, 27,
53) and in normal human (9) liver when fructose is given. This has
been associated with a marked decrease in hepatic ATP and P,
levels (10, 33, 53). Both ATP and P; are essential for the
stabilization of AMP (37, 43); depletion of ATP and P, results in
degradation of AMP to IMP (9, 52). The increased concentration
of IMP which inhibits fructose-1-P aldolase (53) may accentuate
the sequestration of P; as fructose-1-P in normal human and
animal liver. Both [IMP and adenosine accumulate in liver and are
then degraded to inosine, hypoxanthine, xanthine, and uric acid or
allantoin (9, 33, 53). In rats, the observation that the administra-
tion of P; in combination with fructose increased AMP content
and prevented the loss of total adenosine phosphate content in liver
provides support for the proposed mechanism (9).

The fructose-induced hyperuricemia observed in HFI patients is
in accord with this hypothesis. Patients with HFI lack hepatic
fructose-1-P aldolase (23, 38). Because fructokinase activity is
normal in liver cells in patients with HFI (19, 32), fructose-1-P
accumulates (34). Although fructose-i-P is increased four- to
fivefold in normal man after 0.6-0.8 g fructose/kg body wt (9). the
intracellular concentrations of fructose-1-P, P,, and ATP after a
fructose load in patients with HFI are not known. Indirect
evidence suggests, however, that the levels of hepatic fructose-1-P
and sequestration of P; attained after a given dose of fructose in
HFTI are probably higher than in normal man (19, 23).

The fall in serum P, levels after fructose within 10-20 min in our
patients and those of others (12, 20, 32, 36), suggests increased
hepatic P; uptake (35). Because early alterations in serum P, levels
in our normal children could not be detected, it is unlikely that
significant changes in hepatic P; and ATP concentrations oc-
curred, which could explain the failure of fructose infusions to
cause elevations in blood uric acid levels in normal children.

Perheentupa-and Raivio (39) noted that the magnitude of uric
acid elevations in normal and HFI children in response to a higher
dose of fructose than that used in this study was similar. The
observation that the effect of fructose on the ATP content in rat
liver is dose dependent (8, 42) would explain the observation that
the higher doses of fructose produce hyperuricemia in normal man.

The rapidity of the effect of fructose in our patients and others
(36, 40) with HFI and in normal animal (53) and human (8) liver
suggests that an accelerated catabolism of purine nucleotides is
probably the major mechanism of fructose-induced hyperuricemia.
However, in a recent study (15), an increased rate of purine
synthesis de novo has been demonstrated after oral administration
of fructose for a period of 12 days in three adults without gout. It is
possible that the mechanism of fructose-induced hyperuricemia
may differ depending on the duration and route of fructose
administration. Regardless of the precise mechanism, these obser-
vations emphasize the importance of the effect of fructose upon
urate production.

Hereditary fructose intolerance and galactosemia share clinical
and biochemical abnormalities and therefore investigation of the
effect of galactose on uric acid metabolism might provide further
insight into the mechanism of fructose-induced hyperuricemia.
Accordingly, the results in patients with galactosemia are of
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interest. The concentrations of gal-1-P are increased in erythro-
cytes of patients with galactosemia (26, 48), in liver (34, 47), and
kidney (47) because of gal-1-P uridyltransferase deficiency (3, 26).
Elevated gal-1-P levels have been associated with a markedly lower
level of P; in red blood cells (48) and in plasma (29, 32), which
suggests that a decrease in intracellutar hepatic ATP might also
occur after galactose ingestion: hepatic ATP content in galac-
tosemic patients is not known.

Gal-1-P accumulated within erythrocytes and P, levels decreased
in blood after galactose administration in our galactosemic
patients. The rates of changes in these compounds were slow and
were not accompanied by significant alterations in blood uric acid
concentrations. In contrast, the P; levels in blood decreased rapidly
and to a greater degree after fructose in our patients with HFL.

Although the results of galactose administration were similar to
those observed in our normal children given intravenous fructose,
it may be questioned whether the dose and oral route of
administration of galactose provided conditions strictly compara-
ble with those of the fructose infusion experiments. Allowing for
this variation in experimental conditions, the difference in the uric
response to fructose in HF1 and to galactose in our patients with
galactosemia may be explained by the rapid initial phosphoryla-
tion of fructose. In human liver, fructokinase activity is fourfold
that of glucokinase and hexokinase, and fructose can be phospho-
rylated faster than glucose (22) and galactose (1, 4, 22). Because
galactose is phosphorylated more slowly than fructose, rapid
utilization of ATP and sequestration of P; are less likely to occur
to the same extent as with fructose (42). In accord with this
explanation is the observation that hepatic ATP and total adenine
nucleotides were not depressed in rats injected with galactose (29),
whereas an identical dose of fructose resulted in a depression of Py,
ATP, and adenine nucleotides (33). These results suggest that
fructose-induced hyperuricemia is specifically induced by fructose.

SUMMARY

The results of the present study emphasize previous observations
that the occurrence of hyperuricemia resulting from fructose
administration in normal subjects is dependent upon the amount of
fructose given and the rate of infusion. Elevations of blood urate
levels in response to fructose in patients with HFI occur at a lower
dose of fructose than that required for a response in normal
subjects. Because hyperuricemia does not occur in galactosemia
patients after galactose administration, fructose-induced hyperuri-
cemia appears to be specific for that monosaccharide.
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