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most cancer cells rely more heavily on glycolysis than
oxidative phosphorylation to produce energy, even under
normoxic conditions (7). In other words, cancer cells are
more dependent on glucose than normal cells and increased
glucose uptake is important for tumor growth. In previous
experiments with mouse models of lung adenocarcinoma,
deletion of either glucose transporter 1 (Glut1) or Glut3,
which are highly expressed in tumor cells, did not impair
tumor growth, whereas combined deletion of these two
transporters reduced tumor development (8). Overall, glucose
is considered to prevent cisplatin-induced fatigue but
potentially enhance tumor growth (9).
The aim of the present study was to determine whether
sucrose or fructose might prevent cisplatin-induced fatiguelike behavior in mice in a similar manner to the
administration of glucose. The influence of glucose intake
on tumor growth was also examined in Lewis lung
carcinoma (LLC)-bearing mice.

Materials and Methods

Animals. Male C57BL/6N mice (7 weeks old at the time of the
experiments) were purchased from Japan SLC (Shizuoka, Japan).
The animals were housed in groups of five or six per cage, and food
and water were provided ad libitum. The room temperature was
controlled at 23˚C±1˚C, and a 12 h light/12 h dark cycle was
maintained (lights on from 8.00 am to 8.00 pm). All experimental
protocols were approved by the Institutional Animal Care and Use
Committee of Tokyo University of Science (approval numbers:
Y19049 and Y20037), and all efforts were made to reduce the
number of animals used and their suffering.

Drugs. The drugs used in the present study were purchased from
the following manufacturers: cisplatin solution for injection (0.5
mg/ml) from Pfizer Japan Inc. (Tokyo, Japan); sucrose and D(−)fructose from FUJIFILM Wako Pure Chemical Industries (Osaka,
Japan); and glucose from FUSO Pharmaceutical Industries, Ltd.
(Osaka, Japan). Sucrose, fructose, and glucose were dissolved in
distilled water. All drugs were administered at a volume of 10
ml/kg, except cisplatin (20 ml/kg).

Treatment. Mice were administered a single dose of cisplatin (10
mg/kg, intraperitoneally) or saline (0.9% sodium chloride as a control).
Subsequently, mice were administered a saline control or treatments of
sucrose, fructose, or glucose (each at 500 or 5,000 mg/kg) once daily
per os (p.o.) for 4 days. Body weights were recorded daily for 5 days.
The effects of cisplatin and carbohydrates were examined while
referring to their pharmacological potency as described previously (6).

Treadmill fatigue test. To measure fatigue, we modified a previously
reported method (6). The percentage of running performance was
measured between the pretest running potential (i.e. the pre-value)
and the running potential after cisplatin treatment (i.e. the postvalue). The treadmill fatigue test protocol was performed as
previously described (6). Briefly, 2 weeks before the treadmill
fatigue test, mice were subjected to the protocol (Table I), and only
animals that ran more than 460 m (26 m/min × 5 min) and less than
750 m (30 m/min × 5 min) were selected for use in the present
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Table I. Treadmill fatigue test protocol.
Warm-up period
Test period

Inclination
0˚

10˚

Speed (m/min) × time (min)
10 m/min × 5 min
15 m/min × 5 min
20 m/min × 5 min
22 m/min × 5 min
24 m/min × 5 min
26 m/min × 5 min
28 m/min × 5 min
30 m/min × 5 min
(Thereafter, increase
by 2 m/min × 5 min)

study (the collected data comprised the pre-values). At 24 h after
the final dose of saline, sucrose, fructose, or glucose, fatigue-like
behavior was assessed again in the tested mice using treadmill
exercise as an index of whole-body exercise capacity (the collected
data comprised the post-values). During the treadmill test, each
mouse was forced to run on a motor-driven treadmill (TMS-2;
Melquest, Toyama, Japan). The running performance percentage
[(post-value running distance/pre-value running distance) + (postvalue running time/pre-value running time) ×0.5×100] was
calculated for each animal.

Measurement of liver glycogen content. Liver glycogen content was
measured in different animals from those used in the treadmill
fatigue test. At 24 h after the final dose of saline, sucrose, fructose,
or glucose, nonfasted mice were killed under deep isoflurane
anesthesia. Then their livers were removed and weighed (wet
weight). Liver glycogen content was measured as previously
described (6). Liver tissue (600 mg) was ground in preparation for
extraction. For hydrolysis of glycogen, 1.0 ml of the extract was
heated with 1.2 ml of concentrated HCl for 2 h at 100˚C. After
neutralization of the HCl with alkali and adjustment of the volume
to 2.5 ml with water, the resulting glucose in solution was measured
using a glucose sensor (Precision Xceed; Abbott Japan Co., Ltd.,
Chiba, Japan).

Blood analysis. Blood was analyzed in different animals from those
used in the treadmill fatigue test. At 24 h after the final dose of
saline, fructose (5,000 mg/kg), or glucose (5,000 mg/kg), blood
samples were extracted from the tail veins of 2-h fasted mice. From
these samples, blood glucose and ketone (β-hydroxybutyrate) levels
were measured using a Precision Xceed blood glucose and ketone
monitoring system (Abbott Japan Co., Ltd., Chiba, Japan).
In addition, 24 h after the final dose of saline, fructose (5,000
mg/kg), or glucose (5,000 mg/kg), blood was collected from 2-h
fasted mice under 3% isoflurane anesthesia; blood samples were
sent to Nagahama LSL (Shiga, Japan) for measurement of serum
levels of total cholesterol, triglyceride, and non-esterified fatty acid
(NEFA).
Tumor cells. LLC cells (Riken Cell Bank, Tsukuba, Japan) were
cultured in Dulbecco’s modified Eagle’s medium containing low
glucose, L-glutamine, phenol red (FUJIFILM Wako Pure Chemical
Industries), 10% fetal bovine serum (Capricorn Scientific GmbH,

