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ABSTRACT

We investigated the effects of daily intake of the rare sugar b-psicose on
liver and muscle glycogen repletion with p-fructose administration after
exhaustive swimming. A single dose of p-psicose with p-fructose did not
affect post-exercise glycogen repletion in liver and soleus muscle. How-
ever, the rates of liver and soleus muscle glycogen repletion were faster in
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rats given to 3% p-psicose solution daily than in those given to water. We
concluded that daily intake of p-psicose may accelerate the repletion of

liver and muscle glycogen after exhaustive swimming.
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Adeguate glycogen storesin muscleandliver are
essentia for high performance during prolonged exer-
ciseinboth competitionandtraining™2. If the next com-
petition or training session is scheduled to take place
within afew hoursafter thefirst, itisimportant tore-
storeglycogenin muscleand liver quickly. Thus, many
studies havefocused on maximizing therate of glyco-
gen repl etion soon after prolonged exercisein both hu-
mans and rats® 4. Recently, therare sugar b-psicose
(p-ribo-2-hexulose), a C-3 epimer of p-fructose, in-
creased hepatic glycogen accumulationin ratsfed 5%
D-psicosein ahigh-starch diet™. Inaddition, it wasre-
ported that p-psicose (10% of p-glucose) caused the
disappearance of theincreasein plasmaglucose con-
centration after p-glucose loading in diabetic ratg®.

Theseresultssuggested that theadminigiration of asmall
amount of p-ps cosetogether with p-glucoseafter pro-
longed exerciseincreases glycogen repletion quickly.
However, theadministration of p-glucoseisnot dways
desirable with endurance sports, because p-glucose
inhibitslipolys's, which providesanimportant fue, free
fatty acids (FFA), for contracting muscles”. On the
other hand, it has been reported that p-fructose has
little effect on insulin secretion compared with p-glu-
cose’®, and does not inhibit lipolysisin vivol®. The
present study was performed to determined the effects
of combined p-fructose and p-psicose given after ex-
haustive swimming ontherepl etion of glycogen stores
inliver and muscle. We al so examined the effects of
daily intake of p-psicose before the administration of
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p-fructose and p-psi cose on glycogen repletion.

All proceduresinvolving animalswere approved
by theAnima Care Committee of KagawaUniversity.

Forty-eight male Wistar rats (3 weeks old) were
obtained from Japan SLC (Shizuoka, Japan). They were
fed CE-2, acommercia rodent diet (CLEA, Tokyo,
Japan), and water ad libitum until they were 4 weeks
old. Theywerecagedindividualy at 22+2°C, with lights
on from 08:00 to 20:00. Each group of ratswasmeal -
fed with CE-2 from 08:00 to 09:00 and from 20:00 to
21:00. During the meal-feeding period, haf of therats
were given 3% p-psicose sol ution (P group) and the
other half weregiven water (W group) ad libitum. All
therats weretrained by swimming for 15-30 min, 5
days per week, for 3 weeks. The swimming was per-
formedinaplastic pool (50-cm diameter) filled with at
33-35°C (50-cm deep). Rats had a sinker correspond-
ing to 2% of body mass, which wastied to their body
during training. Theratsdid not exercisefor 3 days
after thefina training sesson. Inthe P group, thedrink-
ing liquid was changed from p-psicose sol ution to wa:
ter 2 daysbeforethefinal experimenta day.

Onthefina day of theexperiment, 6 ratsfrom each
of the Pand W groups were sacrificed at 11:00 (PC
and WC groups, respectively), and theremaining rats
exercised for 2.5 h swimming with aload, correspond-
ing 2% of body mass, tied totheir bodies. Immediately
after exercise, 6 ratsfrom each of thePand W group
were sacrificed at 13:30 (PE and WE groups, respec-
tively). Half of theremaining P group were adminis-
tered 2 g/kg p-fructose solution (PE-F group) and the
other half received 2 g/kg p-fructose plus 0.2 g/kg p-
psi cose solution (PE-FPgroup) a 13:30. Similarly, half
of theremaining W group wereadministered 2 g/kg -
fructose solution (WE-F group) and the other half re-
ceived 2 g/lkg p-fructose plus 0.2 g/kg p-psi cose sol u-
tion (WE-FPgroup) at 13:30. The PE-F, PE-FP, WE-
F, and WE-FPgroupsof ratswerea lowed to recover
intheir own cageswith no drinkingwater for 2.5h. All
of theremaining ratswere sacrificed at 16:00.

Anima sweresacrificed by decapitation. Blood was
collected and serum was prepared. A portion of the
largest |obe of theliver and the soleusmusclewererap-
idly removed and snap-frozeninliquid nitrogen. All tis-
suesampleswerestored at -80°C until analysis. Tissue
glycogen contentswere determined accordingto Lo et
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al?, Serum glucose and FFA concentrations were
measured enzymaticaly usngkits (Glucose ClI-test and
NEFA E-test) purchased from Wako Pure Chemical
Industries, Osaka, Japan. M ean values of each group
were compared by two-way andysisof variance. Sig-
nificance of differencesbetween mean valueswasde-
termined usng Turkey’s multiple comparison. Differences
were consdered significant at p<0.05. Statistical ana-
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Figurel: Glycogen levelsintheliver and soleusmuscleand
concentrationsof serum glucoseand FFA beforeand after ex-
haustive swimming. Each point repr esentsthemean and stan-
darderror for 6rats. Thecirclesand squaresshow theP and
W groupsregectively. At 16:00, o, PE-FPgroup; e, PE-F group;
0, WE-FPgroup; m, WE-Fgroup.d and 1, administration of
test solution. "Significant differencebetween thevaluesof the
two adjacent points(p<0.05). #*Significant differencebetween
thevaluesmarked with different letter sat 16:00 (p<0.05).

lyzeswereperformed using Excd Statistics2008 (SSRI
Co., Ltd., Tokyo, Japan).

Theresultsof thisexperiment areshownin Figure
1. Liver and soleus glycogen stores before swimming
exercisedid not differ between the Pand W groups.
The2.5-hour swimming exerciseresulted insgnificant
reductionsinliver and soleus muscleglycogen storesin
both Pand W groupsbut post-exerciseglycogenlevels
inthesetissuesdid not differ between thetwo groups.
Liver glycogen levelsin both the Pand W groupsin-
creased significantly during the 2.5-hour recovery pe-
riod. Therateof liver glycogen repletion wassignifi-
cantly faster in the PE-F and PE-FP groupsthaninthe
WE-F and WE-FP groups. Therate of soleusmuscle
glycogenrepletiondid not differ anong the PE-F, PE-
FP, WE-F, and WE-FP groups. Soleus muscle glyco-
gen level wasincreased significantly inthe PE-F and
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PE-FP groups, but was not altered in the WE-F and
WE-FP groups during the 2.5-hour recovery period.
The 2.5-hour swimming exerciseresulted inasignifi-
cant increaseand the 2.5-hour recovery period resulted
inasgnificant decreasein serum glucoseand FFA con-
centrationsin boththe Pand W groups. Thedaily in-
takeof p-psicose or post-exercisep-pscoseadminis-
tration did not affect serum glucose and FFA concen-
trations.

The present study suggested that thedaily intake of
therare sugar p-psicose can facilitate the repl etion of
liver and muscleglycogen after exhaustive swimming.
However, asngledoseof b-ps cosedid not affect post-
exerciseglycogenrepletion. o-Ps coseispartly absorbed
inthedigestivetract and most absorbed p-psicoseis
excreted into the urine** 3, Therefore, appropriate
period might be necessary until therat metabolism ad-
juststo p-psicose.

Fructokinaseisaspecifickinasepresentinliver that
affectsthetransfer of phosphate fromATPto fructose,
forming p-fructose 1-phosphate. It hasa so been shown
to be present in the kidneys and intestine, but not in
skeletd musclé®. Thisenzymewill not phosphorylate
p-glucose, and unlike glucokinaseits activity is unaf-
fected by insulin, which may explain why p-fructose
disappearsfromtheblood. It seemslikely that thisis
themajor routefor the phosphorrylation of p-fructose.
In skeletal muscles, p-fructoseis phosphorylated by
another kinase, hexokinase, to p-fructose 6-phos-
phate™. Toyodaet al.[® suggested that b-psicosecan
activated hepatic glucokinaseby improving thetrand o-
cation of glucokinasefrom the nucleusto thecytoplasm
intherat liver. p-Ps cosemay activate not only glucoki-
nase but a so fructokinase or hexokinase athough the
mechanismisunclear.

Theresultsinrecovering rats showed that thedaily
intake of p-psicose was more effectivefor glycogen
repletionintheliver than the soleusmuscle after post-
exercise p-fructose administration. Cori*® and
Bergstorm et a .19 reported that p-fructose can bemore
effectively used asaprecursor for liver glycogenthan
for muscleglycogeninratsand human. It hasa so been

reported that p-fructose utilization by skeletal muscleis
very small and administered p-fructoseismostly con-
verted to b-glucose or its metabolites by theliver, and
then released into the blood circulation*™. Therefore,
the above difference observed in therecovering rats
between the liver and soleus muscle may be partly re-
lated to thed ow supply of glycogen precursor tomuscle
after administration of p-fructose.

In conclusion, thedaily intake of therare sugar b-
psicosemay accel eratetherepletion of liver and muscle
glycogen after exhaudtiveswimming. However, detailed
dudiesarerequired to clarify theunderlying mechanism.
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