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Abstract: Many researchers have focusedtbe oligomeric formof proanthocyanidins
with a lower level of polymerization found in foodstuffs such as grape seednd
blackberres The present study indicated tliae oral administration of oligomeisolated
from persimmon fruitsextendedthe lifespan ofsenescencaccelerated mouse prone/8
(SAMP8), a murine model of accelerated senaseeOn theother hand, oligometreated
SAMPS8 did not show steregiical behaviarWe also revealethat the oral administration
of oligomers improvedpatial and object recognition memory in SAMR8¢e density of
axons in the hippocampal CAl1 was sigrafitly increased by oligomexdministration
Moreover, the administration of oligomers increasede phosphorylation ofvascular
endothelial growth factor receptoVEGFR)-2 in the hippocampal CA3, hypothalamus
and choroid plexusiVe speculate that memonyprovement accompaniday histological
changes may be induced directly in the hippocampus and indirectly in the hypothalamus
and choroid plexus through VEGFRsignaling.In the present studyve elucidatedthe
protective effect of oligomers against mesnonpairment with agingVEGFR-2 signaling
may providea new insight into ways to protect againsémory deficit intheaging brain
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1. Introduction

Proanthocyanidins arknown & condensedannins,membersof a specific group of polyphenolic
compounds, andhey havebeen reported t@xhibit powerful antioxidant activity[1,2]. Although
proanthocyanidins the most abundardtietary polyphenol,its high-level polymerization resultsn
limited absorptiorin vivo [3]. We previously isolated oligomeric proanthocyanidins from persimmon
peel, which is usually discaed even though it is rich in phenolic compouids The amount of
proanthocyanidin in the peel is higher thanthe restof the fruit It was reported that oligomeric
proanthocyanidins (oligomers) isolated from persimmon peel increased the expressibentof
information regulator two ortholog (Sirt1), which is recognized as an essential fadtotifespan
extension, in a H,O.-induced cellular senescence mod@ligomer treatmentalso decreased the
expression level 08-hydroxy-2'-deoxyguanosine (®@HdAG), a marker of oxidation in the mod].

In the present studywe investigated the possibilitpf oligomers extending he lifespan of
senescencaccelerated mous&AM) prone/8 (SAMP8)Since dietay restriction extends the ligpan
of rodents, we compared fowodstricted with oligometreated mice regarding loagity and
behavioral charactersvioreover, we hypothesized #t the oligomeric form of proanthocyanidins
exers a beneficial effect on memory dysfunction and neuroprotection in the aged Usanyg the
SAMP8 model, we investigated the effect of oligomerspatial and object recognition memoand
the densities fo axons, dendritesand synapses were observdélurthermore,to evaluatethe
neuroprotective effecyascular endothelial growth factor receptdEGFR)-2 as a possible modifier
of motorneurondegeneratioand its phosphorylatiowerealso investigated.

2. Fractionation of Oligomeric Proanthocyanidins of Persimmon Fruits

As described previouslis], a mixtureof freshly crushed persimmon fruits (unripendd7 cm in
diameter,1 kg) and dried green tea leavd$Q g) in water containing 1% citric acid (2 was boiled
for 3 h. At this stage, nucleophillic substitution at thed@ositions of polymeric proanthocyanidins
with monomeric tea catechins occurred, ,atmhsequently, the polymeric molecules were converted
into oligomes. After cooling, insoluble matrials were removed by filtration, and the filtrate was
directly applied to a Sébeads SP 825 column (10 cm kdt5 cm, Mitsubishi Chemical Colapai
Elution with water (4 L) washed out ngunenolic compounds consisting of citric acid, sugars,
minerals, amino acidsetc. Further elution with water containing increasing amountsnethanol
(0%i 100% methanol, 20% stepwise elutio4 L each yielded a mixture of oligomeric
proanthocyanidins and tea catechid®.8 g). The mixture was subsequently sulggbto Sephadex
LH-20 column chromatography with ethandhe monomeric tea catechins were eluted out with
ethanol, and oligomemereyielded @1.7g) (Figure 1) The degree of oligomeric polymerizatiorasv
estimatedto be 3.3 by quantitative HPLC analgsiof thiol degradation produc{d], while the
proportionsof epigallocatechin (EGC), epicatechin (EC), epigallocateBhinrgallate (EGCg)and
epicaechn 3-O-gallate (ECqg) in oligomerwere determinetb be47, 15, 31and 6%, respectively.
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Figure 1. Fractionation of persimmon oligomeric proanthocyanidins.
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3. Oligomeric Proanthocyanidins Extend L ifespan of SAMP8

Increasedongevity is one of the most common desires of human beigsefore,antiaging
research is ultimatelyocused on lifspan extersion However, no convincing strategy based on
scientificevidencehas been suggested, except for dietary restrig@pr.ifespan extensiohy dietary
restrictionhas been observed over the years in many species, including rats, mice, hamstershdogs, fis
invertebrates, and yeafdespite these very encouraging resuitsical application iscomplexand
limited. Regardingthis point, although various dietary restriction mimetics, such as glycolytic
inhibitors and antioxidants, have been suggesentific evidencemust be accumulated to support
their applicatior{8]. For this reasorthe search fonovel antiaging agent$o elicit the same beneficial
effects as caloric restrictiomithout side effecand toxicityhas attracted much attention.

The lifespan of SAMP8 mice were significantly decreasedcompared to control strain
SAM-resistance/l (SAMR as controls whereas the administrationof oligomers extendedhe
lifespan as showrin Figure 2. However the lifespan does not extend in responsanacrease irthe
oral dose of oligomersThe bioactivity of catechin deriviges is related to theistructuralphenolic
groups.The increas@é the levelof polymerization meana rise inphenolic group content®reviously,
we demonstrated that proaatlyanidins showed strong antioxidative activitescompanyingwith
monomeric catechin derivaes in vitro [9]. Many researcherfiave suggested that antioxidative
activities are associated witndelay in the aging process and extension tbe lifespan invarious
organismg10]. Actually, we demonstrated that oligomers increaSed expressiona related protein
of longevity extensionin a cellular senescence modf]. Therefore, we expected oligomeric
proanthocyanidin® exerta powerfulactivity to extendthelifespandue in part to antioxidative effects
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Figure 2. Effects of oligomers on lifespan of SAM Forty-five or forty-six-weekold
SAMP8 mice were administereeehicle (Veh, water p.on = 10), while another two
groups were adminisied oligonersorally at doses of 1 or 10 mg/kg body weight/day: (LO)
using a stomach tuhentil death For the remaining group ahice, the mean food intake
was restricted to 60% untilkedth(n = 10). SAMR1 mice @5i 46 weels old, n = 10) were
used asa control goup. (A) Effects of oligomerson survival of SAMP8.(B) Lifespan
index based orsurvival data.Open circle: SAMR1; closed circle: SAMP8 (Veh); open
triangle: SAMP8 (oligomerat 1 mg/kg B.W./day); closed triangle: SAMP8 (oligomats
10 mg/kg B.W./day)gray square: SAMP8 (60% food restriction).
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To elucidate the related mechanisms, the expression irdf ®as observed. Sir2 is an
NAD"-dependent deacetylase implicated in the regulation of lifespan in species as diverse as yeast
worms and flies[11]. Yeag Sir2 is a heterochromatin component that silences transcriptitire at
silent mating loci, telomeresind ribosomal DNA12]. In addition, it suppresses recombination in
ribosomal DNA and modulatesthe longevity of most organismsincluding mammals[13,14].
Therefore the enzymatic activity of SirZnay indicate its usefulness as affective caloric restriction
mimetic [15]. Among the seven mammalian homols@f Sir2, $tl is the human orthologf yeast
Sir2 and the bestharacterized membef mammaliarsirtuins.Recentlywe showedthat pretreatment
with oligomers significantly increasedr& expression i cellular senescence modeél. Therefore,
in thepresent study, we investigated the effect of oligomers on the expressidd of the SAM mode.
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Resveratrol has been reportedpromotethe fithess and survival of simple organisms such as
Saccharomyces cerevisifs,17] as well as mice fed higtalorie diet418,19] by activation of Sirtl
Moreover, we previously clarifiethat oligomers incresed 3t1 expression ira cellular senescence
model [5]. Therefore, the effect of oligomers onrt® was compared with resveratrol vivo. We
expectedhe administration of oligomerto increasehe expression and activation off in the brain
and toslow agingrelated deteriorations of SAMP& this study,the administration of tigomers
slightly elevated 8t1 expression in the brain of SAMP&ut not significan{Figure 3) The treatment
of resveratrollid nothaveanyeffecton Sirtl

Figure 3. Effects of oligomers on Sirtl expression in thebrain of SAM
Forty-five-weekold SAMP8 were administered vehicle (Veh, water m&,5), oligomers

(O (50), 50 mg/kg B.W./day, p.m,= 5), or resveratrol (Res (90), 90 mmol/kg B.W./ day,
p.o., n = 5). After 5 weeksof administration, brain lysates were immunoblotted with
antibodies for Sirtl. Sirt 1 expression intensities were dividedagtin expression.
SAMR1 micewere used as a control (Conts 4).
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Dietary restriction as an effective method foe extension ofongevity has alsdeenreported to
induce stereotypical behaviors such as rearing and jumping independtrg Igéspan [20]. In
behavioral analyses, wahowedthat rearing, jumpingand hangingrom the lid of the cagan 60%
food-restricted SAMP8 markedly increased compared with vetielted SAMPS8.Surprisingly,
oligomertreated SAMP8 did not showan increase in thes stereotypical behavior@igure 4).
Moreover, in inclined plane and voluntary running sgstrformed to observe differereag motor
function, we found no significant differencetlre motor function among all SAMP8 grouffsigureb).
These results indate that stereotypical behaviors showrthia 60% foodrestriced group have no
relatiorship with motor function.lt has beemeported that dietary restriction may induce anxlgdy
behavior bythe downregulation of corticotrophineleasingfactor [21]. Diet-restrictedrats showed
stereotypy byan increase of dopamine receptor signalif@hen et al. [20] demonstrated that
stereotypical behaviorgrought abouby caloric restriction were eliminated inrt3-knockout mice,
indicating that 8t1 activationmay cause stereotypical behaviorsdietary restriction.In our study,
althoughthe lifespan was extended by oligomers as well as 60% food restriotioa,administered
oligomers did not show stereotypical behavjibke Srtl1-knockout micaundergoingood restriction.
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Figure 4. Effects ofoligomerson stereotypicalbehaviors Forty-five or forty-six-weekold

SAMP8 mice were administereghicle (Veh, water p.on = 4), while another twagroups

were administred oligomersorally at doses of 10 mg/kg Hg weight/day (Q(10),n = 4)

using a stomach tuhentil death For the remaining group ahice, the mean food intake

was restricted to 60% untiedth(FR,n = 4). SAMR1 mice (Cont45 46 weeks old, n = 4)

were used as control group One hundredand thirty-nine days afterthe start of
administrationactionsof rearingup on thehindlimbs and jumping fronthe bottomof the

cagewere counted for 15 minA( B). The time spent hanging frothe lid was measured

for 10 min C). Administration was continued dag the tests?’p= 0. 0034 ( St ude
t-test);* p<0.05 (Oneway ANOVA, posthocBonf erroni 6s test) .
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Figure 5. Effects ofoligomerson motor function Forty-five or sixweekold SAMP8 mice
were administeredrehicle (Veh, water p.o.n = 4), while amother two groups were
adminisered oligomerwrally at doses of 10 mg/kg body weight/day (D), n = 4) using

a stomach tubentil death For the remaining group aiice, the mean food intake was
restricted to 60% until eath(FR, n = 4). SAMR1 mice (Cont45-46 weels old, n = 4)
were used as control group One hundredand thirty-nine days afterthe start of
administration, the time spent on the inclirsenifacewithout dropping was measurefi)(
The number of rotatimmeasured for 30 minB). Administration was continued during
thetests?®p= 0. 0159 (t#est). Student os
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4. Oligomeric Proanthocyanidins Improve Memory and EnhancePhosphorylation of VEGFR-2
in SAMP8

SAMP8 developed agelated cognitive deficitat as early as 4 months and hadshot
lifespan relative to SAMesistance/l (SAMB. SAMP8 show a decrease in theelease of
acetylcholine and noradrenaline in comparisaith agematched SAMR1 [22,23]. Many
agedependent alterations in various brain regions such as the cerebral cortegpoumpus aan
early stagen SAMP8 have beersuggested as causes of memory def#{25]. In the hippocampus,
there was a greatarcrease of glial fibrillary acidic protein as an astrocytek®aain CA13 regionsof
SAMP8 comparedvith agematched BMR1, indicating enhanced reactive gliosis in aged SAVEBR
Tanakaet al. [27] reportedthe severe loss of oligodendrocytes in the hippocampal CA1 of SAMPS8.
Moreover, neuronal loss and lowlerel expressions of glial cell linderived neurotrophic fast in
the hippocampal CAl associated with memory impairment of SAMP8 were rep28ied herefore,
hippocampal dysfunctions of SAMP8 have been considardose amajor cause of agdependent
memory impairment. Various candidate therapeutic agents for rgedysfunctionin SAMPS8 have
beenreported such as acetyl-carnitine,Hipoic acid,andChotoesan (a herbal formula medicines
well as caloric restriction[291 32]. In those studies, oxidative stress was focuse@s a causeof
memory impairmentn SAMP8, although the change of oxidative stress was limited in the cerebral
cortex.Additionally, neuronal morphological evaluations were insufficient in those studies.

In our study, oligomers improved spatiaemoryand object recognition memory in SAMP&hér
memory improvements seen 18- and 38weekold SAMP8led to memory levelalmostthe sameas
thoseof SAMRL (Figures 6 and 7)To investigateahe neurological changdsrought about by theral
administration of oligomers, we carried out immunohistaabanalysisof the brain of59-weekold
SAMP8. Figure 8 shows the effect of oligomers on axons, dendrites, and synapses in the oriens and
radiatum of hippocampal CAL; oriens, lucidem and radiatum of hippocampal CA3; and molecular
layer and hilus of the aelate gyrus (DG). The expression levels of neurofilarhk(-NF-H; axon
marker) were increased in oligorreiministered compared with vehigleated mice. The expression
levels of microtubuleassociated proteins (MAP) 2a and 2MAPZ2; dendrite marker)and
synaptophysirwere slightly increased in oligomadministered micen particular,the expression of
p-NF-H significantlyincreasedn the hippocampal CAby oligomer administratiarp-NF-H is used
as a marker of axons, sint®e phosphorylated form diF-H is translocated into axonj83]. In the
hippocampus of aged miciragments of degenerated axamsre also increasedalthough reductions
of neuronal numbers are small in this regjdd]. Axonal termination to the spine is a necessary step
for synapbgenesis. Considering synaptic losses in the hippocampal CA1 and CA3 and the parietal
cortex in SAMPS8[35], as well as in the hippocampal CAl, CA3, 4@ in aged rat436], axonal
regenerations important for improvinghe hippocampal function. Therefqréhe increased density of
axons in the hippocampal CAl wasiggestd to have aprotective role against memonpss
with aging.
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Figure 6. Effects ofoligomers onspatial memory deficit in SAMP8 Eighteerweekold
SAMP8 were administered vehicle (Veh, @@p.o.,n = 6; closed circles) or oligomers
(10 mg/kgbody weightday, p.o.h = 6; open squares or 100 mgMgdy weightday, p.o.,

n = 5; closed squares) for 5 weelSAMR1 were used as a control (Cont= 5; open
circles). Fifteen days aftethe star of administration, memory acquisition tests were
continued for 6 days in a Morris water ma2elministration was continued during the
tests.Escape latencies to a hidden platform were measéed fie swimming velocities

of mice in the memory acquisitiaest are showrB{). Thirty-eightweekold SAMP8 were
administered vehicle (Veh, water p.m,= 7) or oligomers (O (10), 10 mg/kigody
weightday, p.o.,n =7 or O (50), 50 mg/kdpody weightday, p.o.,n = 7). Age-matched
SAMR1 were used as a control (@pn = 7). Twentyeight days after administration
started, an object location test was performéte preference index was defined as the
number of times a mouse made contact with any one of the objects (training session) or the
moved object (test sessjoout of the total number of times the mouse made contact with
both objects (%)). * p < 0.05vs Veh. (A and B: Repeated measures-tmay ANOVA
foll owed by Dunn posthot est);d p < B0 (Cf @rewap ANOUAs
foll owed b yposehoctest)dp=r08005 °d s 0.0213 (C: paired-test).

(A) 6oy (B) 257
g% on'w
%40- §15-§>‘E ]
2 30} 2
g_zo- } 510_
2 10} 8T
72 3 a4 5 & 32 3 a4 5 &
Time (day) Time (day)
(€) ESO' ’ >
= T - 1 |
é%:g:,’. P77 ? 7
22 30f
3;;20- Z Z Z %
o W29 .

o

Cont Veh O(10) O(50) Cont Veh 0O(10) O(50)
SAMR1 SAMP8 SAMR1 SAMP8
Training Test

(<))
(=]




Molecules2014 19 6716

Figure 7. Effects of oligomers on object recognition memory deficit in SAMP8
Eighteernweekold SAMP8 were administered vehicle (Veh, water ma,6) or oligomers

(O (10), 10 mg/kdghody weght/day, p.o.,n =6 or O (00, 100 mg/kg body weightday,

p.o.,n = 5). Age-matched SAMR1 were used as a control (Cont,5). Twentyfour days

after the start ofadministration, a novel object recognition test was perfornfgd (
Thirty-eightweekold SAMP8 were administered vehicle (\Veh, water me:,7) or oligomers

(O (10), 10 mg/kdody weightday, p.o.n =7 or O (50), 50 mg/kbody weightday, p.o.,

n= 7). Age-matched SAMR1 were used as a control (Cont,7). Twentythree days after

the star of administration, a novel object recognition test was perforni®d The
preference index was defined as the number of times a mouse made contact with any one
of the objects (training session) or the novel object (test session) out of the total nimber o
times the mousenade contact with both objects (%}. p < 0.05 (Oneway ANOVA
foll owed b yosthoctest)dp=0d174; ds 0.0014 (paired-test).



