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ABSTRACT

The effect of long-term intake of p-psicose on the gene expressions related
to glucose utilization was studied. Expressions of mMRNAsfor GLUT2 and
glucokinaseintheliver were markedly enhanced by the intake of dietary p-
psicose. Serum glucose concentration was lower and liver glycogen con-
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tent was higher in rats fed p-psicose diet than in rats fed control diet.
These results suggest that the long-term feeding of p-psicose enhances
the glucose transport action and phosphorylation followed by the glyco-
gen synthesis in hepatocyte, which prevents the elevation of the blood

glucose level.  © 2012 Trade Sciencelnc. - INDIA

A previousstudy reported that raresugar p-psicose,
aC-3 epimer of p-fructose, has approximately 70%
sweetness of sucroseand provide no energy for grow-
ing rats¥. Another previous study showed that dietary
D-psicose atenuatestheincrease of postprandial glu-
coselevelsin plasma?. Thus, it is expected that p-
psicose can be applied to the foods with health-pro-
moting benefitsif itisconfirmed that hoseinhibitory ef-
fectsonthe postprandia increase of blood glucose con-
tinuefor along period. Theblood glucoselevelsisregu-
lated by the uptake of glucoseinto several peripheral
tissues, large partly liver3. It seemed that the glucose
reduction in serum owingto dietary p-psicosewasin-
duced by theincrease of glucose utilizationin liver.
However, those details, especially of molecular basis
remain unknown. Thefirst step of glucose metabolism
is controlled by glucose transporter (GLUT) and
GLUT2ispredominantly expressedin liver™, Glucoki-

nase, key enzymefor liver glycolysis, dso enhancesthe
glycolic system under the control of insulinand stimu-
latesthe utilization of glucoseindirectly®™. Therefore, in
thisstudy, we have examined the effect of long-term
intake of p-psicoseon hepatic glucose utilizationinrats.
Especially wefocused whether the gene expressions
related to the glucose utilization, suchasGLUT2 and
glucokinaseintheliver, involved in the suppression of
thelevel of serum glucoseby dietary p-psicose.

All proceduresinvolving ratswere gpproved by the
Experimental Anima Care Committee of KagawaUni-
versity. Eighteen Wistar rats (mean body weight: 50+
1 g) obtained from Japan SL.C (Shizuoka, Japan) were
divided into two groups. One-haf of theanimaswere
fed acontrol diet; the other half werefed ap-psicose
diet. Control diet was contained thefollowing ingredi-
ents, ingrams per kilogram: corn starch, 550; sucrose,
100; casein, 200; soybean ail, 50; cellulose, 50; vita-
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Figurel: Serum glucoseand insulin concentrations, liver glycogen content, and real-time PCR analysesof GLUT2 and

glucokinasein liver. Valuesaremeans= SE for 9 rats.

min mixture, 10; minera mixture, 35; pL.-methionine, 3;
choline chloride, 2; butylhydroxyltoluene, 0.01. p-
Psicosediet wasreplaced by p-psicosein 5% of starch
of thecontrol diet. Each group of ratswasmeal-fed the
diet at 8:30-9:30 and 20:30-21:30 and given free ac-
cessto water. After 8 weeks, all rats were sacrificed
following 6h fasting, whose serumlevelsof insulinand
glucose aswell asglycogen concentrationinliver were
messured.

Serum glucoseand insulin concentrationswerede-
termined using kits, Glucose E-Test (Wako Pure Chemi-
cal Industry, Osaka) and Rat Insulin EIA System
(Amersham Bioscience, Tokyo). Glycogen contentin
liver wasdetermined accordingto Lo et al 1o

Total RNA was extracted with a guanidium
thiocynate water-saturated phenol extraction method
using ISOGEN (Nippon Gene). ThecDNAsfor PCR
were synthesized by reversetranscription of total RNA
with random hexamer primersand Super Script |l re-
versetranscriptase (Invitrogen CA, USA) according
tothemanufacturer’s instruction. Rat GLUT?2, glucoki-
nase, and 3-action geneswere cloned into the TOPO
vector (Invitrogen CA, USA) and used asastandard.
After propagation and purification of theplasmid, the
concentration of GLUTZ2, glucokinase, and 3-action
geneswere obtained from A260 optical density mea-
surement and the plasmid molecular weight. Tenfold
seria dilutions (102 to 10° gene copies/ul) of thelin-
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earized plasmid inwater were prepared.

Quantitativered-time PCR was performed accord-
ingto the standard method” usingan ABI 7700 system
(Applied Biosystems, CA, USA). Reectionvolumewas
20 uL (0.5 uM primer dNTPs, Tag DNA polymerase,
and reaction buffer were provided inthe SY BR Green
PCR Master Mix, Applied Biosystems, CA, USA). All
real-time assaysincluded 40 cyclesof adenaturation
step at 95 °C for 15 sec followed by annealing at 60
°C for 1 min after initial incubation at 95 °C for 10 min.
Theoligonucleotide primerswerefor GLUT2 (sense)
5-GGCACTGGCTGCCTTCAG-3’, (antisense) 5°-
CCAAGGAAGTCCGCAATGTAC-3, glucokinase
(sense) 5’-CACCCTCAGTGTCCCTCCAA-3’,
(antisense) 5’-CCAGGTAGAGAGGCTGGCATT-3".
Expected sizesof the productswere 78 bpsfor GLT2
and 75 bpsfor glucokinase.

All valuesareexpressed asmeans= SE. The data
was assessed by unpaired Student’s t-test. All analyses
were performed withacommercialy avail able statisti-
cal package (Stat View J-5.0, SASIngtituteInc., Cary,
NC).

Weight gainand food intakeweresimilar between
thecontrol and p-psicosegroups(118+2vs. 135+2 g
and 30.2+ 0.2 vs. 30.0 + 0.1 kcal/day, respectively).
Whereastheliver weight wassignificantly higher inthe
D-psicosegroup thaninthecontrol group (4.7+0.1 vs.
6.1+£0.1 g, p<0.05). Serum glucose concentration was
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lower and liver glycogen content was higher inthep-
psicosegroup thaninthe control group (Figure1). On
theother hand, therewasno sgnificant differentin serum
insulin concentration (Figure 1). Expression of mRNA
for GLUTZ2 and glucokinase markedly increased for the
D-psicosegroup than for the control group (Figure 1).

Theaim of the present study wasto examinethe
effect of long-termintake of p-psicoseonliver glucose
utilizationinrats. Especially wefocused the gene ex-
pression related to theliver glucose utilization such as
GLUT2and glucokinaseinvol ved inthe suppression of
theleve of serum glucoseby dietary b-psicosegroup.
Theserum glucoselevel isregulated by the uptake of
glucoseinto severa peripherd tissues, mostly liver and
skeletal muscle® and thefirst step of glucose metabo-
lismiscontrolled by the GLUT. GLUT isthefina sub-
grateof theinsulin signa transduction pathway and the
amount of glucosetransported by GLUT dependson
hormona and metabolic conditions?. Glucokinasecata-
lyzestheformation of glucose 6-phosphate, known as
an activator of glycogen synthase®. The present study
showed that expression of mRNA for GLUT2, the
hepatocyte specific subtypeof GLUT, and that for glu-
cokinaseintheliver of p-psicose-fed rats was mark-
edly higher than that for the control rats. Furthermore,
hepatic amount of glycogen for the p-psicose group
waslarger than for the control group. Thesefindings
suggested that the suppression of blood glucoselevel
by thedietary p-psicosewasdueto theincrease of the
conversion of glucoseinto glycogenintheliver.

Inthe present study, theincrease of glycogen con-
tent in theliver and the hypertrophy of liver were ob-
served for p-pscosefed group, whichwereconsst with
some previous studies?9l, It isalso reported that the
hypertrophy of liver by dietary p-psicoseisnot patho-
logical®. Inaddition, theinvestigation onthe mecha
nismof liver enlargement induced by p-tagatose, an-
other rare sugar, wasreved ed that theformation of live
glycogenfrom dietary starch isenhanced whentherats
ingestsp-tagatosa™?. Significant enlargement of theliver
isobserved whentheratsarefed with adiet containing
10 to 20% of p-tagatose for two weeks or more!*y,
Sincetheliver enlargement isnot accompanied by the
increase of hepatic enzymeactivities, no toxicological
relevanceisattributed to this phenomenon, whichis
supported by thefat that both p-fructose and sucrose
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influenceonthesizeof liver inrats'?. Earlier studies
suggest that this effect is mediated by p-tagatose 1-
phosphate whichinducesthetrand ocation of glucoki-
nase from the nucleus to the cytosol 3. The present
study showed that the hepatic glucokinase expression
for the p-psicosefed ratswassignificantly higher than
that for the control rats, which was strongly supported
by Agiuset d.®. Theliver enlargement occursin ani-
mal sand humansunder avariety of conditionswith dif-
ferent consegquencesfor health™, Itislikely that the
enlargement of liver istheresult of aphysiological ad-
aptation to an enhanced workload.

p-Psicoseisknown for having suppression effect
of blood glucoseleve by inhibiting theactivity of intes-
tina a-glucosidaseg®™. We demonstrated that intake of
D-psicose suppressed blood glucoselevel, whichwas
consistent with conforming to the previous studieg*2.
Because considerable amount of p-psicose are ex-
cretedintheurine or feces*®, theimprovement of the
absorption rateinto the small intestinewererequired
for theapplication asafunctiona foodin future.

Inconclusion, it was suggested that thelong-term
feeding of p-psicose enhancesthe glucose transport
action and phosphorylationfollowed theglycogen syn-
thesisin hepatocyte, which prevent theel evation of the
blood glucoselevd.
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