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Table II. Cisplatin (CDDP)-associated loss of body weight in mice (g) (n=6; mean±standard error of the mean).
Group

Saline + saline (control)
CDDP + saline
CDDP + sucrose (500 mg/kg)
CDDP + sucrose (5,000 mg/kg)
CDDP + fructose (500 mg/kg)
CDDP + fructose (5,000 mg/kg)
CDDP + glucose (500 mg/kg)
CDDP + glucose (5,000 mg/kg)

Discussion

Day 0

21.8±0.35
23.5±0.47
22.6±0.67
23.1±0.56
21.4±0.34
23.1±0.57
22.5±0.50
22.5±0.43

Day 1

21.6±0.47
22.8±0.47
21.6±0.53
21.9±0.51
20.3±0.20
21.7±0.58
21.7±0.52
22.1±0.35

Both our previous report (6) and the current study confirmed
that the administration of glucose produces antifatigue
effects associated with the prevention of liver glycogen
depletion. Similar to the effects of glucose, administration of
sucrose produced antifatigue effects in mice subjected to a
treadmill fatigue test. Sucrose, a disaccharide consisting of
one glucose and one fructose molecule, is digested by
sucrase. We confirmed that the antifatigue effect of sucrose
was attenuated by co-administration of acarbose (800 mg/kg,
p.o.), which is an alpha-glucosidase inhibitor (data not
shown). In contrast to glucose, administration of fructose
produced only a slight antifatigue effect. These results
indicate that in the antifatigue effects induced by sucrose, the
contribution of glucose is greater than that of fructose.
Intestinal glucose absorption is mediated by sodium–glucose
cotransporter 1 and that of fructose is mediated by GLUT5
(11). Both glucose and fructose are transported into the blood
vessels via GLUT2 (11). Fructose, which exhibits different
metabolic properties from those of glucose, is mainly delivered
to and metabolized in the liver. Moreover, it is converted to
fructose 1-phosphate by fructokinase and then to
glyceraldehyde and dihydroxyacetone phosphate by fructose 1phosphate aldolase (12). These steps, which have consequences
for carbohydrate and lipid metabolism, include a shift in the
balance from oxidation to esterification of NEFA (12).
In 1987, Youn et al. reported that administration of fructose
inhibits the degradation of liver glycogen via allosteric
inhibition of phosphorylase by fructose 1-phosphate (13).
However, an even earlier report indicated that the
administration of glucose rather than fructose increases liver
glycogen content in rats (14). In the present study,
administration of fructose did not sufficiently increase liver
glycogen levels following cisplatin-induced liver glycogen
depletion. Instead, administration of fructose increased the
blood NEFA level (Table III). Major pathways of fructose
metabolism involve conversion to glucose and lipids. Usually,
the majority of fructose is metabolized by the Hers pathway
as glucose and the remaining amount as fructose (11).

Day 2

22.0±0.31
21.9±0.47
21.2±0.55
21.4±0.54
19.7±0.14
21.2±0.66
21.0±0.49
21.4±0.43

Day 3

21.9±0.37
20.9±0.41
21.0±0.57
21.2±0.64
18.9±0.18
21.0±0.74
20.6±0.46
21.1±0.35

Day 4

21.9±0.46
20.4±0.40
20.8±0.55
21.1±0.69
18.7±0.23
20.8±0.79
20.4±0.47
20.7±0.38

However, excessive consumption of fructose would result in
increased endogenous glucose production and fatty acid
synthesis in the liver (11). Fructose supplementation has been
reported to uniquely up-regulate sterol regulatory elementbinding protein and expression of downstream fatty acid
synthesis genes (15). In the present study, administration of
high doses of fructose likely led to most fructose
accumulating in the liver. Additionally, these fructose doses
may have increased the NEFA level via fatty acid synthesis.
However, we did not evaluate these pathways, nor did we
determine whether fructose up-regulated sterol regulatory
element-binding protein in our mice; these are limitations of
our study that should be the focus of future research.
Although both carbohydrates and lipids provide energy for
exercise, glucose availability is regulated directly in relation
to exercise intensity, whereas the regulation of fat
metabolism seems to be more complex (16). Both
administration of fructose and glucose improved cisplatininduced fatigue-like behavior in the current study.
Nevertheless, the effects were stronger with glucose than
with fructose, suggesting that liver glycogen synthesis by
glucose may be more efficient than fatty acid synthesis by
fructose for maintaining running activity.
We showed that sucrose and particularly glucose can
improve cisplatin-induced fatigue-like behavior in mice. The
effect of glucose in this respect may be partly associated with
a reduction in cisplatin cytotoxicity. Therefore, determining
whether continuous administration of glucose affects the
antitumor effect of cisplatin was necessary. Glucose intake
has been shown to increase tumor growth (9). Indeed, intake
of 30% glucose solution in our study increased tumor growth
in LLC-bearing mice. In a previous report, C57BL/6 mice
were shown to consume greater amounts of sucrose solution
at 8% and 16%, followed by 32% (17); we expected that
mice would drink too much of 8% and 16%, but not 32%.
Based on this report, we used a 30% glucose solution to
examine extreme effects. The tested mice drank
approximately 5 ml of 30% glucose solution daily (equivalent
to about 60 g/kg). This dose was >10-fold higher than the
highest glucose dose (5,000 mg/kg, p.o.) that showed
99

