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SUMMARY

The disappearance of intravenously administered fructose
and glucose became more rapid after treatment in children
with protein calorie malnutrition (PCM). Since fructose dis
posal is largely hepatic and is insulin-independent, the
finding suggests a reversible disturbance of the appro
priate hepatic enzymes in PCM. The impaired glucose
disposal is unlikely to be caused solely by lack of
insulin.

S. Afr. Med. J., 48, 2243 (1974).

Although glucose intol"rance is very common in protein
calorie malnutrition (PCM),"5 the debate concerning its
pathogenesis remains unresolved. An impaired secretion
of insulin6

,. is partly responsible, for there is a strong
'correlation between the low insulin response to glucose
and glucose intolerance in untreated patients with PCM.'
However, glucose tolerance does not improve at the
same rate as insulin secretion during refeeding; the latter
is sometimes normal within a few days of treatment in
the face of abnormal glucose tolerance."'" Furthermore,
even in the untreated state, glucose tolerance may be
abnormal in individual cases with adequate but sustained
insulin levels,' and is not completely corrected by exo
genous insulin,,·,ll suggesting insulin resistance. Thus fac
tors other than insulin secretion appear to be important
in carbohydrate homeostasis in PCM, with the possibility
that the fatty liver might be unable to take up glucose
normally 1~ owing to mechanisms which are insulin-inde
pendent. Since the liver is the most important organ of
fructose metabolism,"·15 and since its uptake of fructose
is uninfluenced by insulin,"'" it was thought worth while
to investigate fructose tolerance before and after treatment
in patients with PCM.

PATIENTS AND METHODS
.-

Five patients suffering from kwashiorkor, aged 8·29
months, were admitted to the Metabolic Unit of the
Red Cross Children's Hospital. All were hypo-albuminae·
mic (1,2 - 2,2 gj100 ml) with oedema and dermatosis.
and had normal serum levels of bilirubin and hepatic
transaminases. All patients were treated with antibiotics,
vitamins and potassium chloride from the time of ad-
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miSSIOn. They received a carbohydrate, protein-free diet
(10 - 15 gjkg body weight) until tests were completed on
the second day in hospital. Informed consent was obtained
from a parent of each child.

Tests
On the second and third days in hospital, after an 8-hour

overnight fast, an intravenous glucose or fructose load
(I gjkg body weight as a 25% solution over 2 - 3 minutes)
was administered in random order. Side-effects, including
hypoglycaemia, were not noted.

Venous blood was sampled at 0,5, 20, 45, 60 and 90
minutes, and analysed for glucose" after the glucose
load, and for fructose"'" after the fructose load. Tests
were repeated in all the patients after 3 - 5 weeks of
feeding, when serum albumin levels had returned to
normal.

The disappearance rate constants (Kt) for glucose and
fructose were calculated after semilogarithmic plotting
of total blood glucose and fructose values."

RESULTS

Table I shows that in all 5 patients there was impaired
intravenous glucose disappearance before treatment,
returning to normal after feeding. Fructose disposal' was
more rapid than that of glucose, but also increased on
recovery in each case.

TABLE I. GLUCOSE AND FRUCTOSE DISAPPEARANCE RATE

CONSTANT IN '5 CHILDREN SUFFERING FROM PCM BEFORE

AND AFTER TREATMENT

Glucose Kt Fructose Kt

Patient Before After Before .After

1 1,16 2,04 2,16 4,62
2 1,31 2,17 3,15 4,08
3 1,54 2,39 2,17 4,92
4 1,38 2,24 1,61 4,62
5 1,51 2,89 2,67 4,33

DISCUSSION

Fructose disappearance is thought to be independent of
insulin, and is normal in situations associated with severely
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impaired glucose tolerance and insulinopenia, for example,
in diabetes mellitus'6,,, and starvation.'" Fructose tolerance
is impaired only when there is a deficiency of the hepatic
enzymes responsible for fructose metabolism, such as
occur both in hereditary fructose intolerance" or fructo
saemia, or in severe acquired liver disease with hepato
celIular damage." Fructose intolerance which responded
to dietary refeeding in 5 children with PCM, might
therefore suggest a reversible deficien.cy of one or more
of the hepatic enzymes involved in fructose incorporation
into intermediary pathways of carbohydrate metabolism.
Evidence for an enzyme block beyond phosphofructo
kinase has been reported by Alleyne et al. I. in association
with decreased galactose clearance from the blood. A
possible mechanism of such decreased enzyme activity
could b= the well-documented potassium depletion in
PCM,'6,,, since potassium is necessary for the activation
of several glycolytic enzymes."

The finding of fructose intolerance in PCM therefore
suggests hepatic disturbance of the enzymes concerned
with its metabolism, and raises the possibility that the
insulin-dependent component of the characteristic glucose
intolerance in PCM might be associated with a similar
hepatic mechanism.

This study was supported by grants from the South African
Medical Research Council and the Wellcome Trust.
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