
ffi
ETJEVIER

Avallable online al ww.sc encedirect.com

ScienceDireci

o , I n d l '  f N u r r F n a l B o , h c n r i r ' r y  l l  ( 2 0 1 r . )  1 0 6 -  I 1 2

lournal of
Nutrltlonal

Blochemlstry

Improvement of blood glucose levels and obesity in mice given aronia juice by
inhibition of dipeptidyl peptidase lV and cr-glucosidaseN

Takuya Yamanea *, Miyuki Kozukab, Daisuke Konda", Yoshihisa Nakano', Takenori Nakagakid,
Iwao Ohkubo", Hiroyoshi Ariga"

'Foatry oJ PhDno.rutkol S.irn$, Hawoda uninBtrt, (]tu-k!, tdppotu. a6a-4312,ldpan
b o.poe.ft ol d.dlth ord rutition Fo.ulrJ oJ llwtan ki.n.., Ho&oido Buqo Uriwrir, Enitu, 061-1449. lapdn

' c.ntzt for R6,otdr ot l D.vetopn.nt Biot rond' R6.dr.h otgdti2ddon lot untRi.t-Connhirt Colloh.to.ioE, 6rrr f4.d r Univpnir. sokd i, oso*o, s99 3s7a lopaa
,Bhlut. al Fndd sd.nd, Ndkttokt caEuldns fiilin..r dd co , Ld Nirhi-(a , l,ldi, 593-3323, logon

.&r'ftar o.I rvuriim, s.h,o, '/xuains oDd xdri|im, Tasl'i aol4., Hr3$ht-kt, sowoft, t)6540t). hpdn

Rc..iv.d 19 s.pt obq 20lsi rc..ird in rcvt.d fom 16 f.bruny 2016i

Aronia b.tues have many oot€naar efl€cr5 on h€arrt! P.€vrols hunao 5iudi.5 h.ve ihown rh.i aron,. ruie ."y ne usetut 6, mrtmenr ot oberty disord€B
R@ntly, we hav€ r€ported th.t .ronia juice has an inhibi|ory .fe.t on dipepiidyl p€ptidas. (DPP lV) adiviiy ,nd that the DPP Iv inhibitor in mni. juic€ w.s
ide.tifi€d a cy$idin 3.5-diglucoside. In tnis study. w. found th.r body weighB:nd blood glo(or l*h wc.r rdu.ed in diabetd nodel XK-Ay mice giv€n
a.onia juie. we also aound rb.t w€ishts ol wbit€ .dipo* tisu.s wec r.du.d in ((-Ay mic. given aronia juia, Funhemore l€vels or DPP Iv activily in the
*tum a.d liver from XX-Ay mice were low€r rh.n rhose in rh. s.run rnd liver from C573V6JnrSlc nic€. InteEstingly, al$@gh levels of DPP lV adivity mre
nor chang€d in the $rum ud liver fiom aronia-jnice-adminirt ftd |<K-Ay mic., lev.ls of DPP IV tctility w.re in@ased in lhos. fDm arenia-juiHdminister€d
C573v6lhsslc nie. Fonh.more, a-slucoside lctivity wa5 itrhibited in ih. upp.r r.sion oith. 3mll int8tine iion :rodi&jlie-adminin€red ((-Ay mje btrt
not in the low.r region. Inhibirion of d{l!.osidase rrivity in th. !pp.r ponion of th. snall inreitin. induced . rcdu.tion of gluccei€p€nd€nt insulinotrcpic
polypepride (clP) lsel--Ihe reults sugg.st lhat DPP Iv acrility in diab€tic ni(e is inhibited by i.onia juic.. rhat rhe GIP level in the upper rcaion of tne srull
inr.5dne is redu.ed by inhibirion ol e-slucosid.s€ ..tivity .nd rh.t w.ights oI .dipos tnsu.s :r€ edued by aronia jujc..
o 2016 Elsevicr hc All rights Erped

I(elwrdr Arcni. jui.c; DPP Iv inhibiror Kx-Ay nice: Aniidiabetic €lt .i d-clu.oiidase inhibition

Aronia berries have b€en used in tradition.l medicine to neat
atherosclerosis and hyp.nension in Rusia and E.stem European
countries [r]. Aionia bedies have high contents of phenolic phtrc
chemi.als. The concenrations of acrive coDpounds in a.onia beries,
incllding rnthocyanins, prccyanidinsand flavonoids. arc ov€r nvetuld
higher than those in cranbenies 12.31. Aroniab€ffi€s ilso hive various
potend.l health efectr l4l, and arcnia juice has been shol,ln to have
benencialereds on plasm. glucose levels in diab€tic humans I5l and
rars 16l and on totd cholesterol and lipid levels in diib€tic humans l7l.
Furthermore, resulrs of hum.n studieshave su$ested ih.taronia juice
is usetul lor treamenr of obesity disoders l8l. R€endy, we hive
repofted thar aroni. j!i.e has a dipeptidyl peptidase lV (DPP lV)
irh bnory effecr and rl'ar rhe DPf lV inhibrLo! 'n aionu juke was
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identified as cyanid,n 1tu'glucoside l9l. DPP Iv (Ec 3.414.5) b a sedne
peptidase ll0lthat cleaves the N-teminelr€gion ofincRtrns such as
glucos€-dependentinsulinotropicpolypeptide (clP) and gluc.pn-like
peptidel (CLP-I), and red'iaion ot insllin se.rerion G indtrcd by
inactivation of incretin by DPP lV lll-141. DPP Iv inhibitoB have
beneficial efrects on plasma ghcose level in diab€tic patients | 1s I. DPP
lv inhibiroG have.lso b€€n folnd in sev€r.lDlants l16l.ln this study,
w€ found that body w€ight. weight ofwhiteadipose tissues and serurn
leveh of blood glucose were redued in diabetes nodel KK-Ay mice
given aroniajric€. DPP lv and o-ghcosidak activities rere inhibited in
(K-Ay mic€ given aronia jri.e. th€se results sugsest that arcni: juice
has beneficial efrect! on diabetes and obesity thrcush inhibition of DPP
lVand d-ghcosidase aaivities 'rnder a diabetic condihon.

Amnlijui(c wis klndly prdid!d by Nakasiki consulilnsand Ensine{ (O!akr,

Jipan) nE composirion ofthc aronia juirc is shown in Tiblc I Tne arbohydr.e
.ompoirion orrhe arcnhju e n.bo rhown in rrbh r. cly-Prd-McA w* pur.hased
romPlpddclD$itut (osl'i.Japan). DPl,lv was pudned rrcn porcine *mi'al pL,rru l4l. A
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pumhded liom MroBs (Yokohiffi.lipm). RMrdd rnd Rx.$y Mini wft pui.hald
rrE Q'iser (vcnrq Nehcnandt. Pri
wseoboinedrrcmrakrii {shig{Jipan).Allo$emhcmiohw.reof rnrlyticl gnd.:nd
wsc pu ed fiom waro Pure chemicls (oski,lapan).

c57Bt/6jmssk n XK-Ay mre ni.e wei€ obtain?d r.4 we.kr dfage lo'n lapan
slc (Tokyo,lapai). Alrmi.e wft fed a normardier (Mou$ Djer Auto,ryS bbDirr,St.
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3. R6ultj

3.1. Beneficial enecB ot oronia juice on body weisnt ond blood tlucose

To examine the efl€cts of enia juie on body weidt ed blood
gllcos€ lel€li, amrlajuice and water w€rc administeRd oraly to nice in
the mni: gMp md .ontrcl group, respectively, Eody w€ight and blood
gh6!e l*li wF trFisur€d ery 3 o.4 da!s. As shown in Fi& I A body
weight of Kx-Ay mice, but mt that of csTBU6JmsSlc mice. in rhe amnia
tIoup wa5 siSnificantly cduced .ompared to that of mice in the cortml
tloup Body wight of KK-Ay mi.e given amnia juic€ was abo$t 121 of
that in the on6dgroup at28 .tays after rhe srart ofadmjnisfation Blood
glucos. lwel of (x-Ay mi.e bur nor rhar of C5TBV6Jms5lc mice, in the
ereni: gFup wa ato significsdy rcdu(ed cornpared to rhat ot mice in
lhe conrol grcup. slood sluo* lrvel of rc<-Ay mic given roni. juke
w:s lbout 45X of tlEt in the cont ol grcup at 28 days after the stan of
administration (Fig. I B).

3.2. Eenefciat effects oJ arcnia juice on odipo* tissues

Twe nty-eight d ays after the start of admini sftati on, ad ip o se tiss ues
were extracied ftom the mice and weighed. Ihe weiShts of white
adiposetissues inKK-Aymice. but notlhose inc57Bu6Jmssl(mice,in
thearonia gro'rp were signincantlyreduced compared to those ir the
control 8roup. ft e weights olepididrDal, mesenteric, retroperitoneal
and subcuraneous white adrpose h$ues in KK-AV mrce Fven .ronre
joice were abolt 27U, 26U, 38X and 48x of those in the control troup,
respectively (Fig. 2A-D).

3.3. Inhibitor! ened oJ arctio juice on Dw N oclivity in the serun, lieet

Twenty+ight d.yt alt€r the stan of adminirtration. serum and
livers wer€ exrra.t€d {iom rhe mice, and their DPP IV adiviries were
ne.slred. 45 shown in Fis 3A seruln DPP lV aclivities in (l(-Ay mice
were lower than fiose in C578V6Jtr'sSlc mice serum DPP w activities
in (he control group of C5?31/6jmsslc m'ce werc sisnincantly
increased compared ro those in the aronia group of csTEv6losslc
mice. On the oth€r hand, serum DPP Iv activities in the @ntrcl group of
KX-Ay mice werc nor significanrly diferenr ftom those in rhe aronia
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Frs 3. DPP Iv rcriviri6 in the $tul! ll i.juie was adhintndd o.rlly ro nlc Afier28 dirs *nD and likrtisuls wec obt in.4 and thet Dpp
Iv .diviti6 were fta$ftd. (^) slnq (E) livq. (.) small inte$in. 'P<.05, "P<.01, n.r: not sigrmGnr n: s.

group of KK-Ay mic€. DPP Iv adivlties in the liven ot control gmup
mice wse also sisninGndy indeased comp.r€d to those in the aronia
group of C5TBU6JIESIC mice but not (K-Ay mic (Fig. 3B). As shown
in Fig. 3C, inhibition of DPP Iv activity was obseryed in tbe trpper and
lower Fgions of rhe small inresLine tiom IC(-Ay mrce gNen aronra
juice, aod DPP IV activities in these regions were about 65x and s4X of
those in the contml mice, respectively.

iA. Inhibitory enects of orcnia jtice on d-glucosidose acriviE in the
lpper rcgiot oJ the noq intestine

To determine the inhibitory effects ofaroniajuice on d-glucosidaie
adivity, o-glllcosidase activity was measured us'ng a synthetic
substrate, p-nitrophenyl-a-D-glucoplranoside. As shown in rig. 44,
inhibitior ol a-glu.osldase activity was obsen€d in eoria.juice, and
o-glucosidase activity was about 5 lX of that in the vehicle control,
Iohibition oi ddrcosidase activity was also obseNed in the upper
tegion ofthe srmu intestine ftom ((-Ay mice giv.n aroDiajuice, and a-
glucosidase aaivity was about 42x ofthat in the conEol mic€ (Fig. 4B).
Expe$ion levels of GIP nRNA were reduced in th€ upper region of

smll intestine and expr€ssion leveh ofclP-1 mRNA were increased 'n
the lwer resDn of rhe smrll intesrire of KK-Ay mi(e given rmnhjuice
(Fig. 4C and D).

3.t Benelciat efrectt oJ arcnia juice on insulin leveb

Twenty-eight days ator the start of administration, serum was
ext.act€d trom mice, and insulin concennatioff werc mesured. As
shown jn Fig: 5, serum insulin @ncentrdlios in l(X-Ay mic. were
highef than those in C5TBV6JnsSlc mice. Serum insulin conentra-
tions in aronia-juice-administerd K-Ay mice werc also significantly
reduced ompared to those in KK-Ay mice,

In this study, we foud that body weight and blold glucose level
were significandy redued in I((-Ay mice giv€n aronia juice but not in
C57BV6.lmsSlc mie given aronia jdce. Recently, we reported that
aronia juice hs an inhibitory effect on DPP Iv l9l. The results of this
study and previous studies suggest that blood glucose level is reduced
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Fig.4.Xrhjbitorycfsrofaioniatui@ona-slucidasea.tivrtyintheupp fim (a)arcni,jukoh6an
fihibnolyefedono.g|uolidasadiviq'(B]d.clucosidaseadivitiesw
adninistered atonii jui.e. Relatik mRNA ldels or clP (c) and GLP 1 (Dl ws. ebmined by quntibrive rc,|-rine PcR in rhe upps .!d lower resionr or the small intenine
respdively. 'P<.05, 

"P<'01, n.s,: noi significam tr = s.

though inhibition of DPP IV a(ivity. thus having b€nen€ial effects on
diab.tes. Weights of white adipose nssues were also significantly
reduced in (K-Ay mice given aronia jlice. We also found that a-
glucosidase activity was reduced in the upper ponion of the small
intestine of (( Ay mice given aronia jlice, K-celFsecrered GIP is
ablndant iD the upper region of the small intestine ll7l. CIP
expre$ioD is controlled by glucose level, and inhibition of d-
glucosidase activity in the trpper portion of the small intestine reduces
the levelof GlP 118l. fte expresion levelof GlP was reduced in the
upper region ol the small inlesti.e olaronia-j'rice-administered XK-
Ay mice. Acdmulation offat is also induced by CIP inadipose tissues
I r 91. on the other hand, o-glucosidase activity was not inhibited in the
lower regionof the small intestine of aronia-juice-administered KK-Ay

mice. L-celfsecreted cLP-l exists abundandy in the lower regior of
the small intestine [17 ]. The exp.esion level ofclPr was also shown
to be incfeased by inhibition ol a-glucosidase adivity in the uppe.
region ofthe snall intestine I1 8l- lt has recendy been reported that the
circ'rlating level of CLP-1 is elevated more by combination theraDy
using a DPP lv inhibitor and an e-glucosidase inhibitor than by
therapy using a DPP Mnh'bitor alore and that this combination
therapy is useiul for treatment of tyle 2 diabetes and obesity 1201.
These previous studies and our nDdings indicate that the d-
glucosidase inhibitor in aron'a juice inhibits d-glucosidas€ .ctivity
in the upper region of the small intestine and that expression,
secretion and cncuhting level of CIP were reduced by a decrease in
absorption of glucose in the upper region of the small intestine,
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leading to an increase in absorption ofglucose in the lower region of
ihe snallintestine, and expression, secEtion and chcrlating levelof
Cl l - l  were n!  ed:ed.  l rdn.c p l ion o rhe proglucagol  gF.e F
acrivared by F-catenin and is one of rhe rargets of the wtrt signaling
pathway l2ll. Black ri.e ex$acts, incllding cyanidin 3 O glucoside
(C3C) and peonidin-3-O-gllcoside stimulate the Wnt sigraling
pathway 122i. Proglrcagon gene tranrription is aho stimolated
throush cyclic AMP response element (CRE) [2]1. c3c incrcased the
phosphorylation level of cAMP-response element-binding protein
(CREB) through protein kinase A activation, resulting in CREB-
mediated up-regllation ofgene transcription I241. Resul$ of those
previous studies suggest that rhe expreslion levelofCLP-I mRNAis
increased through the Wnt signaling pathway and/or rhrough CRE
targeted by aronia berry anthocyadns.It has recently been reported
that theexpression ofpreproglucagon nRNAand GLPr se.retion are
increased by nedatin 1 in sTC I celh in a dose-dependent manne.
Expre$ron of CIP DRNA and CIP se.retion are aho increased by
nefatin I in STCI cells 1251, indicaring positive cor.elation oflevels
betlveen mRNAexpre$ion and secretion on these genes and products.
Weights ofwhite adipose tnsues b.y be reduced by redldjon ofthe
6lPl€vel.ltbas aho beenshown thatDPPlVactlvitiesintherpperand
lower regions of the snallintestine in KK Ay mice wer. inhibitedby
aroniajuice, f har been reported that DPP lV degrades activ€ CLP-1
peptide in the luninal membrane of endothelial cells in the smrll
inresine and that only one third to one fourth olthe intact CLP-1
p€ptide is left once the products reach tbe portal v€n 126,271. Since
inhibition ofCLP-l degGdation in the snall intestine by DPP lV k
inoeased and infeased actjve CLP-I leveh affect glucose levels, our
findings in thk srudy a.d previousstudies indiate that glucose level
in KK Ay mice given aroniaj!ice is reduced th.ough inhibitionofboth
DPP IVando-glucosidasea.tivities in the snall inrestine. Ontheother
hard, inoeased serum DPP lV activhy in the arcnia group of
CsTBV6JmsSlc mice may b€ n€cessary for prevention of hwoglycemia
due to the increased CLP-1 level induced byDPPIVand a glucosidase
inhibitors. turthemore, serud DPP lV activity in KK-Ay mke is lower
than that ir C57BL/6JmsSlc rnic€, These results indicate that DPP lV
adivity is not required lor using deaved incretin peptides in XK Ay nice
because :noetin peptides ar€ reqdred for reduciion of the blood
glucose level in r.(-Ay mice. Furthermore. s€run insulin leveh were
deqeased in aronia juic+adninistered (K-Ay ni.e. Since weishts of
white adipose tissues werc also signincantly reduced in KK-Ay mice
siven aronia juice, hyperinsulinemia and insrlin .esistance were
reduced in arcnia juke adninistered KK-Ay nice. Conbination thets
apy using DPP lVand o glucosidase inhibitors reduces serum insulin
concntration J28,291. After red!.tion oirhe insulin resistance level,
absorption ofblood glucose is i.duced by a lower insulin concentration

bltnotbyahighinsulinconcentlatlonsuchasthatinlrtTerinsulinemia.
The results suggest that arcnia juice has benefcial efiech on diabetes
and obesity th.ough inhibition of DPP IV and o glucosidae activities.
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