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Summ"ry  An  examination  was  conducted  to verily  D-psicose  suppressed  the elevation  of

bLood glucosc and  insulin concentration  tn a  dose-dependent  manner  undcr  the concurrent

administration  of  ma]todextrin  and  D-psicose  to hea]thy humans.  Twenty subjects  agcd  2O-
39 y 1 l males  and  9 females were  rccruited.  A  load test of oral  maltodextrin  was  conducted

as a randomized  single  blind study  1'he subjects  took  one  of five test beverages (7,5 g D-psi-
cose  alone.  75  g maltodextrin  alone,  75 g maltodextrin  +2.5,  5 or 7.5 g i)-psicose). Blood
was  co]]cctcd  bcfore an  intake and  at  30, 60, 90 and  120 min  after an  intake, lntervals of'
administration  were  at  ]east 1 mrk,  The  load tcst with  75 g  ma]todextrin  showcd  signilicant

suppressions  of  the  elevation  of  blood glucose and  insulin concentration  under  the doses of
5 g or more  D-psicose  with  dose dependency An  independent administration  of  7,5 g D-psi-
cose  had  no  influence on  blood glucose or  insulin concentration.  D-Psicose  is considered  effi-

cacious  in the suppression  of the elcvation  of  btood glucose concentration  after  eating  in
humans,

Key  Vtlords D-psicose,  insulin, smreetening  agent,  b]ood glucosc, humans

  The  method  of  mass-productng  D-psicosc  (D-ribo-2-
hexulose: eAS  registration  number:  551-68-8; molec-

ular  formula: C6Hi206;  molecular  weight:  180.I56),

which  is a  C-3 epimer  of  ]]-fructose,  has recently  been
developed using  D-tagatose  3-epimerase (l). This has
enabled  investigations of  ])-psicose  to be conducted  into
various  fields, With respect  to safety  from a clinical

study,  maximum  non-eft'ective  levels of  D-psicose  in

causing  diarrhea in human  subjects  were  estimated  as

O,55  g per kg body weight  {2). Looking  at  uses  in food,
D-psicosa  corrcsponding  to about  70%  of  the  sweet

taste oi' sucrose,  was  formed from fructose during cook-
ing and  was  included  in fruit juice, Wt)rcestershire

sauce  and  so  on  (3, 4).
  One  of  the effects  i)-psicose indicated is the suppres-

sion  of the elevation  of  plasma  glucose atter  fccding tn
rats  (S), which  fact is of  assistance  in reducing  the risk

of  lifestyle-re]ated discases such  as  diabet,es, In this
studM  we  investigated the  cffect  of  D-psicose  on  post-

prandial plasma  glucosc concentration  in healthy
adults  and  confirmed  the  effective doses of  an  intake.

Materials  and  Methods

  Subjects ancl  study  design, Table 1 suminarizes  the

backgrounds of  20healthy  Japanese mate  and  female

volunteers,  who  were  recruited  from  the  employees  of

Matsutani Chemical Industry Co., Ltd. and  thc studcnts

E-mail:tetsuo-iida@matsutani,co,jp

oi' the Facu]ty of Agriculture, Kagawa  University The

inc]usion criteria were  as  foIlows: Vb]unteers were

rccruitcd  if he or  she  was  a  healthy male  or  female adult
showing  a  fasting plasma  gtucose concentration  of

1 ] O mgflOO  mL  or  less as  delined in the  diabetcs diag-
nesis  standard  prcscribed by the  Japan Diabetes Society
Vblunteers  werc  cxcluded  if he  or  she  was  being trcated

fbr diabetes, had any  notable  systemic  disease that was

problematic  in the performancc  of the study  had a

hepatic function disorder or  a renaI  function disordcr or
was  judged as  inappropriate by a physician.
  A  load test with  eral  maltodextrin  was  conducted

undcr  a  randomized  single  b]ind study  design. The
experimental  methods  used  in the current  study  have
been  referred  to in a  previous  report  (6), After over  12 h
fasting, blood was  first collected  in the early  morning,

Soon  after  the  iirst blood collection,  subjects  took  ])-psi-

cose  ot' diffcring doses including 75g  maltodextrin

(300 mL)  within  1 min.  Biood ( ] 80  sLL) was  collectcd  at

30, 60, 90 and  l20  min  after  an  intake, Wc  set  four

doses of  D-psicose  (O, 2,5, 5 and  7.5 g). Administration
was  conducted  at  intcrvals of  at  least 1 wk,  The intakc
order  of  the four beverages  was  randomly  determined
with  respect  to each  subjcct.  Life conditions  for the sub-

jects in the experimental  period arc  indicated in Fig. 1.

  As  another  cxperiment  for examining  the effect of D-

psicose administration  alone  on  plasma glucose and

insulin cuncentration,  a  beverage {100 mL)  containing

7,5g D-psicosc  without  containing  maltodextrin  was
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Table 1. Charactcristics of  the  subjects  in this clinicaL  triaL

MaleCn=11)Female(n=9)Tota](n=20}

Age  (y}Weight(kg)

BA/IIFasting

 p]asma glucose (mgl] O(} mL}
PInsma gJucose  at  2 h aftcr  intukc  of  carbohydratc  Cmgf] OO  mL)

Busal insu[in (iLU!ml.)
HOMA-R

 29.8± 6,9
 64.]± 5.3
 2L5 ±1,7
 Y2.3± 8,6
104,3 ± 24.8
  3.2± 1.7

  O. 7･ ±O.4

 26.].± 4.8

 50,1± 3,7

 19.9± 1,6
 91.7± 6.2
119.0± 15.3
  3.1± l.5

  O,7± O,3

 28,2± 62

 57.9 ± 8,6

 20.7± I.8
 Y2.1± 7.4
110.9± 2],9
  3.1± ].6
  O,7± O,3

Valucs are  expressed  as means ± SD. Blood i'or the  measurement  of  t'asting piasma  glucose and  basal insu[in coneentration

was  collected  in the  early  morning  after  over  12 h fusting, Blood  for thc  measurement  of  plusmu glucose concentration  at

2 h after  an  intake of  carbohydrate  was  coLlected  at  2 h after  oral  udministrution  o[' 75 g muttodextrin.  HOrvtA-R  was  calcu-

[ated by the rbllowing equation:  Cfasting plasma  glucose concentrutionXfusting  p[asma  insu[in concentration}  1405.

e  Dayofadm/nistration

o  

  
.

Firstadministration

,

SecDndadmimistration

,

Thirdadministration

,

Ferthadministration

,

vNotallowedtocensumeanyfooderdrinkanythingotherthanvvater

AvoLd  overdr[nking,  evereatingand  excessJve  exercise  and  foIIow their  regular  da/ly routLne

Fig. 1, Lil'e conditions  forthe subjects  in thc  experimcntal  period,

independcntly administeFcd  to eight  subjects.

  Study beverage, D-Psicose  (purity ot' ovcr  98Cif)) was

providcd  by Rare Sugar Rescarch Center, Kagawa  Uni-
versity  The used  maltodextrin  manuf'actured  by Matsu-
tani Chemical Industry  Co., Ltd,, was  composed  of  2.5%
D-glucose,  7.09k maltose  and  the rest dextrin, This mal-

todextrin has a  sweet  taste corresponding  to about  16`K}
of sucrose.  Each beverage included small  amounts  of

citric  acid,  carbonate  and  flavor to make  it palatable for

the  subjects,  and  to mask  differences in the  sweetncss  of

the four beverages, Intalce interva]s, masking  effects of

maltodextrin  and  these  additives  played a  role  in the

btinding of this  expcriment.

  Blood collection and  ineasurernents  oj' plasma  glticose and

insulifi concentnition.  BIood  mras  collected  in heparin-
tzed  hematocrit  tubes  after  a finger was  pricked with

a  puncture  device used  in the testing of  diabetes. The

collected  blood was  centrifuged  with  a  centrifuge

<1,200 rpm)  in a  hematocrit tube  for 5 min.  Thc  ptasma
was  extracted  and  refrt'gerated  or  frozen until  mcasure-

ments.  The  pLasma  glucose concentration  was  deter-
mined  in the  gJucose oxidase  techniquc  CGIucose C  II-
Test Wako: Wako  Pure Chemical Industries, L.td,,
Osaka,  Japan), lnsulin conccntration  was  determined
using  the Eg.ISA method  (Human Insulin ELISA Kit

EZHJ-1 4K: LINCO  Rcsearch, Missouri, IJnitcd Statcs).

  it'tl!icaJ cornniittee, Volunteers were  t'ul]y informed of
the objective  of the study  the test rnethods,  expected

adverse  reactions  and  othcr  relatcd  matters,  Before the
studv  started,  written  consent  was  obtained  from the

subjects,  The  study  protoco] and  the implcmcntation

complied  with  the spirit  of  the  Dcclaration of  Helsinki in

198.3 under  thc approval  of  the cthical  committee  ot'

Matsutani  Chemical  Industry  Co,, Ltd. (Approval num-

ber: 060707},  under  the  direction of  which  commi"ce

all opcrations  of this trial was  carried  out.

  Statistical analysis.  Plasma  gtucose and  insulin con-
centration  were  statistically analyzed,  For these signifi-

cant  tests, male  und  t'emale subjcct  data wcre  com-

bined. Thc  values  tbr analysis  were  determined before
the lntake point as  well  as  at  thc 30, 60, 90  and

120  min  point after  intakes for each  dose and  at  the

AUC  (area undcr  the curve),  which  was  calculated  by
thc  trapezoidal  method,  for each  dese, All measure-

ments  werc  cxpressed  as  average ± standard  deviation.
To  examine  significant  differences, repeated  measures

of  ANOLA  and  Dunnett's multiple  comparison  tests as a

post hoc analysis  were  employed  with  a  level of  signifi-

cance  of  5[M, or  less, For software  for statistical  process-
ing, we  used  SPSS  1 3,O J (SPSS Inc.>.
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 concentration  D-psicose  in
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Results  and  Discussion

  Therc  wcrc  no  dropouts among  thc 20  subjects  par-
ticipating in this trial,

  The  time  course  of  plasma  glucose and  insuiin con-

ccntration  after  an  exciusive  intake of  L)-psicose was  not

affected  except  thc  vulues  declined within  thc  range  of

physioiogtcal deviation, To  ease  the burden for the sub-

jects in this  experiment,  the  used  beverage  was  prepared
to only  100  mL,  whjch  was  sufficient  to solve  7.5 g D-

psicose,  and  only  eight  subjects  participated, which

subjects  were  also  sufficient  to investigate the fluctuat-
ing trends of glucose and  insulin concentration,

  The  e{'fect  of  i)-psicose intakes on  plasma  glucose con-

centration  aftcr  maltodextrin  loading is prcsented tn

Fig. 2a, The  resutts  of  repeatcd  measures  of  ANOW"L

among  intake doscs indicated significant  dit'ferences at

30min  (p<e,OOI), 60min  (p<O.OOI), 90min  (p=
O.035)  and  AIJC (p<O,OOI}, Increases of  plasma glu-
cose  conecntration  after  maltodextrin  loading werc  sig-

nificantly  suppressed  with  5 g or  more  ])-psicose  intake

(Dunnett's multiple  comparison  tests), The lower values

almost  recovered  to aconcentration  similar  to the value

in a  non-intuke  of  D-psicose  at  120  min,

  The  effect of  D-psicose  intakes on  plasma  insulin con-

centration  after  maltodextrin  loading is presented in
Fig. 2b. The  results  of  repeated  mcasures  oC  ANOVA

among  intake doses indicated significant  differences at

60min  (p=O.O07) and  AUC  (p=O.O04), Increases of

insulin concentration  after  maltodextrin  loading were

uTso  significantly  supprcssed  with  5 g or  more  D-psicose

intake,

  An  animal  study  on  the supprcssion  of  incrcase in

plasma  glucose conccntration  with  D-psicose  found sig-
nificant  drops in plasma  glucose concentration  when

maltose  and  sucrose  were  used  as substrates,  but no  sig-

niilcant  drops when  glucose and  so)uble  starch  were

used  as substrates  (S). Another animal  study  proposed
that ]]-psicose inhibited the  hydrolysis of  maltose  with

a-glucosidasc,  which  was  prepared  from  thc membrane

of  rat  small  intestines (7>, It follows from  these  facts that

one  of  the  suppressive  mechanisms  of 1]-psicose on  the

elevation  of plasma  glucose concentration  of  rats  after

carbohydrate  administration  is attributable  to the  inhi-

bition of  a-glucosidase,  The  suppression  of the elevation

of  plasma  glucose concentration  in humans  with  D-psi-

cose  was  accordingly  cxpected  when  two  or  more  types

of  sugars  were  used  as  a  carbohydrate  source,  Moreover,
maltodextrin,  which  is a starch  hydrolysate, is used  as

the  carbohydrate  source  in the  oral  glucose tolerance
tcst for the diagnosis of diabetcs in Japan, Not glucose,
but maltodextrin,  was  hence used  as  a  carbohydrate

source  in this study

  As another  hypothetical mechanism  for the suppres-
sion  of  increase in pLasma  glucose concentration,

absorbed  D-psicose  in smail  intestine, in which  D-psicose

was  estimated  to absorb  at about  25%  (8, 9), has thc

effect of promoting  the uptake  of glucose in the 11ver, It

has been reported  that fructose acttvated  glucol(inase
and  reduced  plasma glucose concentration  after  being

phosphorylated into fructose 1-phosphate  by i'ructoki-

nase  in the liver UO, 11), A  similar  mechanism  of

reducing  plasma glucose concentrution  is also  pre-
sumed  for D-tagatose,  an  isometric form  of  [)-psicose

(12), The  same  biochcmicat path  as  fructose and  taga-

tose could  accordingiy  enhance  glucosc tolerance.

  The  doses of  D-psicose  at  5 g <around 1/15  of  a  carbo-

hydrate intakel) would  be the minimum  effective doses
for supprcssing  the elevation  of  pLasma  glucose and

insulin conccnt,ration  for 75g  of  maltodcxtrin.  This

suggests  that about  5 g D-psicose,  a  practtcal amount

lbr an  intake, is suitable  for suppressing  the  elevation  of

plasma  glucose concentration  from  eating  one  meal

such  as a slice of toast (about 50 g carbohydrate).

  As this study  confirmed  the improving  effect  of  glu-
cose  to]erance, ])-psicose is expected  to serve  as  a  food
matertaI  wtth  a low glycemtc  index, In the light of  appli-

cations  of  D-psicose  for food tntended to prevent life-
style-retated  discases, this report  is insufficient to eluci-

date D-psicose  intluences on  glucose tolcrance under  a

continued  intalce, eaten  with  many  food materials  and

other  hypogtycemic food materials  sueh  as  [rarabinose,
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which  has  substrate  specificity  fbr sucrose  (J 3).
research  is thus  required  for the elucidation
points.
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