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Learning and Memory Abilities Improvement of D-galactose-induced

Aging Mice of Persimmon Vinegar
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Abstract: The aim of this study was to investigate the effects of persimmon vinegar (PV) on learning and memory abilities in
D-galactose-induced aging mice and to analyze its main composition. Morris water maze test was used to detect the learning and memory
abilities of aging mice, and the enzyme activity of superoxide dismutase (T-SOD) and glutathione peroxidase (GSH-Px), as well as the total
antioxidant capacity (T-AOC) and malondialdehyde (MDA) level in brain tissue of aging mice were determined. The results showed that
persimmon vinegar was rich in polysaccharides, tannins and flavonoids, and the contents of polysaccharide, tannins and flavonoids were
(2918.92+38.31) mg/100 mL, (29.60+0.52) mg/100 mL and (0.7540.00) mg/100 mL, respectively. Pre-treatment with high concentration of PV
significantly reduced the time spent on finding platforms by aging mice (»p<0.05) and increased the number of aging mice crossing the platform,
which also significantly increased the enzyme activity of SOD (p<0.05) and T-AOC activity (p<0.05) in hippocampus, and significantly
increased the enzyme activity of GSH-Px (p<0.05) in brain of aging mice, meanwhile, significantly decreased MDA production in hippocampus
(»<0.05) and brain (p<0.05). Therefore, persimmon vinegar has significant improvement effect on learning and memory ability in
D-galactose-induced aging mice, and its mechanism may be related to reduce oxidative damage in brain tissues of mice.
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T e G R R AN SN A A 2 Bl R R R 2 A
HAR SR R 10 B 2
WNTE LR T AR AT 1 AR A R 4 i T AT 7R
HrE AR I B IR ARG ) . HUARTEERT,
TR TR ALY, SRR R, R ATP
E A FEGE M (reactive oxygen species, ROS);F=4:
#an, sk, PrELBIEE S RS, ROS FEfARN
REHER, FIERENE. BArANY, L
28R AT MR AN B R UK BR W (AD) L A 4 AR I
(PD). B AL ok oL 55 0 5 SR BB B R R e S
BUER, RERFUAAMTR AT LATRB AETT #h 4 RETIRAT
P, Z2 2] DLTp AG T IS8R IRERAE, 1L
A SR A] ATRB AETT X, R S B AT AT A
ITZERAED, Rk, e E S ANRETETR A
YRGBT, RN A FHIE R, ORY 4 A
DNA AHeAs 3, A] LUA BIRELE 2 2 A0 2 M0
IEF -

i (Diospyros kaki) J& T Hi#} Ebenacea fiiJ&
Diospyros T84, W ERAMRJE E2 —, Wtk
FiAR R T A B KA SR B i 2 I E K. DURIER
JEUAH TR 1) SR ZE [ A AR 7 XA I A T 5
FiRAEE & ZMmARNEY), HhREFRALEES
EiNFEET. CEM TR RRRLR AL
AT BUA TR 1 A5 5 R Y e s
Rk, BT REE R G 217
WNENRE TR T H AR WARGE . A0 Fli E 2R E T
I PR AR B A . PRSI 25 28—,
AP B 2R FEELIH 15%~20% 88T il
AFTERAYUR, XL R AR AR, 4R %
WeEFE, MARBEURLFIIFRFIE, &l 7 555
BRI BER B . DAASIA s . B IR R BRI
FARTREEABE TG, R 6 REE N E H i SRS
F RS Morris 7KEE B Rl SRS X 2580/
R TEIZRe g s FHRA N BRI ZH 24 H 20
P77 TR AR, DU H A R BSOS 7T
BRI o

1 MR5ERE

L1 AR5 A

FRiRES: DAEMASE A e R RNk
BETRANEHBERAE S M, 46 2 midiE, %
NIEEEIIAN, 285 “CORIA 20 min, 753 H i Rk
fns D-PIUBE: AU RREAVRBARAR]: B8
SABALEE (T-SOD) W5l A H Ik E )

26

iy (GSH-Px) lifl&. Ehiidtbae )1 (T-A0C) il
& NEE (MDA) F12% By s i a1 e ) &
RS TR TR 7 T hritedh: Rt
YIRHCARAT]; WA J6R R E 2Rk
MBEARAIRTUEA T HRR A E = rat
SEAGENA: TEPE 3 S SPF ¢ KM (EEHAD /N
50 ROGIRJEE 14~17 @), W1 Fe e v ol S50 31
MABRAT], siVFaliuES: SCXK G 2016-0002.

12 (L& 5#%

Biomate3S 25 41 A] WO 4 o BEA, 3
Thermo Fisher Scientific A]; L600 &3\ K H3I°F
e OHL, IR EAER TR AR AR, LUX
M2 RetERGPR{X, 3&[E Thermo Fisher Scientific A
Al BRI AVERKIRAE, Rt BT a8k
AIRAT: 101-2AB BRI F1RA, REH 2R
FHAEEABR AR

1.3 SLIF %

1.3.1  AAnRES RN

FR SRR GB/T 12456-2008 W52 i J5i
£ B 5E SR GB/T 5009.7-2008 Y & 121,
132 %450

R 22 SCR U 10 5 9200 ) A L ep 2
B ORSTPRBCEEBE 50 mg, 7&K ERZE 500 mL,
JL s 100 pg/mL [R5 I HEPR R . 3 AW 04 0.2+
0.4, 0.6+ 1.0\ 1.4 mL H&EEAREE, MAERKE
2mL, AN 1 mL 6% AR, & FEEMA 5 mL
WA, VA, #E 20 min, 7EPK 490 nm AbIE
WOBRE, DAZETR/KAE M a B E s X R DA
BT R (ug) NHEAEFR, WOBEENALRR, HilfE
FRAE 2R 9 1=0.0074x-+0.0002 (R’=0.9998) .

AERAIR 1 mL HAGRES, 4% BiRbrdE dh gkl &
IR, T 490 nm PKAGNERAEE, RAEARIE
T SR R B i
133 HFTA5EHNL

S HIEL 04 104 204 30+ 40 £ 50 mg/L K% &
THRFRME 1 mL, AN 5 mL Z848/K, 1 mL 457%%80-
BHERANVR AR 3 mL BRERANIA T, TRA, B,
F#E 2 ho UARER 0 mg/L N2, 1E 765 nm KT
MEWRACRE, B TIR (mg/L) ABEARER, WL
EHRNAARR, Zhlbrdtth g, B3 Ia A7~ N
3=0.1392x+0.0042 (R’=0.9994) .

HERAR 1 mL AATRES, HE FdREEDE,
FE 765 nm K I E BE SRR
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1.3.4 HERAEGNE

S AR TR, RIS T bR 20 mg,
FTEK ARG 222 28 100 mL &), Bk 200
pg/mL PP T HRER . I HERRIRS T ARHERE O
02. 04, 0.6, 0.8 F1 1.0 mL BALLEEF, %h00.1
mol/L =5 ALERHII 2 mL /K EZIE, #25), E
20 min. PAZE AT A, T 420 nm A0 BOGRE
DIF T & (ug) AREALER, DAISOGEEAMNALER,
2t FRE T2 y=29.4x-0.0017 (R*=0.9962).

FERAROA T EE 2 mL, B FRRES g, T
420 nm W8 FE SR IO RE AR
135 AAfREEsT D-FIAEBE R LR K
Z 3TN EE ) 4B
1351 /N K20

B KM /MR (14~17 @) BT SPF Hah¥idE
W (25 Cxl C, B 60%, MM 12 h) @7 1 4
JEBENL Y N, BRIER4L. HERA. 45K C
FEBA (BEPEXTHRZED . Al SRS 15 2H . Al SRS
EFIEE A, R 10 R SETTR)E, BEHA/NR
JE TSIk D-2EFUHE (120 mg/kg), 1EH 4TS
K. R4, FRFRE K, W AR R E L
NSRRI 2R . B 4 AR, S BIEEUE
HAFEERIH/NRS 2 R, FH R/ BRI 2 2
MURFS, RERNICR I, 285 ifid, e A B ig o
T-SOD fil MDA &, PAHIE/NRE SN, e
XA S EH AN RIERAE RS E X

(p<0.05), FIRIEBLRLI .

55 BTG, IR H 4RSS AR A
FEERKAN, FEHHEE 0.1 mL/10 g FIEIZIEK, HE
R A H 4RSS D-2F3UFE (120 mg/kg)
HEH 0.1 mL/10 g AR IIZETRAK, F TSR ES G 2
ke 80 51 H MRS )« A i SRt v 77 e 15 4L

(KR 40 F5H0 A FRED Aged2 ¢ #EBYL (100
mg/kg) BrEEHEREENR D-2EAME (120 mgkg) 4,
434% 0.1 mL/10 g 77 B B AT Al S = 77
= HAIRE AR C IR, Frek 4 H, TR E
NBRA ST R, IR AR AR R i R L
1.3.5.2  Morris /KK B SE56

INERRIREE 24 5 E4T Morris 7KK B IRI6 . #ANK
A R 6 A T 5 AT S 56 AN 2 R4 2R S 00 R R
U812 AT i56 (Place navigation): 1P /NRZ
()27 210128877 SEBSHFAATT, 1h/INER E FHIFYK 2 min
TGN E B . SEIS ARG, RERALE I I A B
/IN BRI ) s B AT 5 RN ZK SN K, e s 34K

FEIC 16 B i AT P e e AR - (Escape latency ) o
/NIRRT 6 EEHAETE FIFR 20 s WS/
76 120 s WARKEIEG, BHII 2 PG, PRy
10 120 so ARTEEUH/NEREET, FHRE 30s f5, M
—ANNIK /AN RIBOOK T, B R/NREERM 4
ANREE IR RN K R, JeRESE 4 do

FEHRER LI (Spatial probe): AN/ = F)4L
B RRRE S TERMUT RIS R /2P 6,
AR AR A /N BT [t BE N Kt Y, e 53
TE 60 s N IRITFIKEEE, ek Gt /MR 5 T 5 IR
0 AUE AR FE O BRIl 1) 50k 5 O R A1)
JESF- 5 G BRI I ] 5 S T e RSP G SRRk
MRS R .

1353 MiZH4id T-SOD Ml GSH-Px [iff i5 1 &
T-AOC. MDA /K&

KR ERIELE ST, XA/ N REE 24 h, 2T
Ha/INBRUPRIFE,  PRTHBRCR I, SR it F1 AL A8 i 3R T
NI AR B E TR AR
i 20 23 45 B 48 L (g/kg)= i 41 23 )5 £ (g)/ /> B A& i =
(kg)o 53 FPBE /N BRIRE S R R i 2 4 4% T = (g): AR
(mL)=1:9f LL BN N A ER K, Hl R 10% AL L5195 I
(4 °C, 3500 r/min, 15 min)&Ly, BRG] S
B 2 2N BRI AR AT ZH 2 F T-SOD . GSH-Px i i%
PEFIT-AOC. MDA/KF-,

1.4 Hfmi

S%F Excel 2010 1 SPSS 18.0 #fth e #edi 4T 4ab
H, 0 G R LS EEEARE IR R R, SR
BERFH IR Z T 225007, PR LR A LSD 240 22
SEENE, Llp<0.05 NEREE.

2 HR59MH

2.1 AMREHEE R

B2 1 nTLUE H, T ReEY I R B AR E

W JRAE A BRI PR, SRS BN, KRS R,
JH AT BRI A 2 W L B R SR B ik B 2918.92
mg/100 mL. 29.60 mg/100 mL 1 0.75 mg/100 mL. 5
RGP (0 LA A A R L, A SRS 2 h
B 5 IR A RE 25 & 2905 mg/100 mL AHIT;
T F A SR B P B = LA 5 SR S
(0.19 mg/100 mL) 1) 3.9 £%. Uil HMiRE & & 12
B B RS ERISPIT, SRS EA T 1) R AT SRR
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Table 1 The main composition of persimmon vinegar (X+SD, n=3)

H o BBY%  RAE/(g/100 mL)

% #(mg/100 mL)

¥ F(mg/100mL) % &(mg/100 mL)

AAREEE  4.13£0.00 0.1620.00

2918.92+38.31

29.60+0.52 0.75+0.00

22 A AR EE /N BAR T E R

/IN B R AR AT 0 A S L A KR R
WO B bR —. fEIERYIE], D-IHHE 30
REMAVNR S AR R K2 R, i
1 o, Rkt R, SIWAM, &
MUV N AR BEAT BT N R, EPSE AE R & M
SCERIE R A R B S TR, Gl
FIRERBARE B ACE G, A MRS R AR B 4L
MR S AU LL A RN, (AR,
Ui B Al R BN A KRR B AR, 532Xt

HRZH/NRAHEL,  AATRES & ARTRIERE B 4/ AR
=AM, HEHEZER.

"

40

38

—o—1EH 4

INERARTTE / g
w
e}

gg —A—EE XTI
26 Vi H 4
24 =3 ili BB AICF =E H 4
22 - H iR EE R =R S A
20 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8
HF A /

&1 ScIGHAE)RLE/ NRIFREEN
Fig.1 Changes of body weight of mice in each group during the

experiment (n=8)
23 A ATRE xR AE 2k % e

M 2 A kD, SIEHAUME, XA R
LARTRE TR EE N (p<0.05) , KW D-

FUPEECE B AT/ G S AT B 254, I RK,
Dhe PR SR = 7 B B 2/ B S AR, KK
TR R AL B T (p<0.05) , HiE
THECROLTYEAEER CHEB AL, KW A RIS 7T LLA 2L
] D-2-FUBE S SIS BN LA, SRR /N R
B ARURIN 24, A E R R
® 2 BRI D IR
Table 2 Hippocampus indexes and brain indexes of mice in

each group (X+SD, n=8)

L ARYE 4K irEiE e
203
Ng/kg) Nglkg)
EE 1.55+0.33 13.63+0.95
FAITIRLA 0.87+0.18" 9.48+1.15%
Ve i#EFA 1.02+0.22% 11.14+1.50"
AARE KA R T4 1.000021%  11.87+1.55"

AAFRBESASHTA  128£02174  13.93£1.26™4

E: #EATHEFHEMEREE (p<0.05); *ETAH
RESE B Rt RAARL Z F B F (p<0.05); ARTAAF
RESEFA G A FCEB AN EF B F (p<0.05), TAR.

24 AATREE X/ B DI R T B R

A AR BT RF KT 6 BRI %0
FHZR3ITI R, BEE VIR TR e, 540N B ks
RIFZET . SEEx AL, F R &7
VEH AN RIS AT AR B RGBT 7 I 8] B .48
F1(p<0.05), 54 dEREAE, B ARMREXD-
PANES T2/ A A SRR, JF
LA I 7 T v 3 55

24.1

* 3 AfREEX R T T &R ARRIRNE

Table 3 Effect of persimmon vinegar on escape latency of mice (X£SD, n=8)

AR B/s
2R " " " "
% 1d % 24d #3d % 4d

EF 48.84+6.70 40.25+8.53 34.01+6.89 30.34+9.79

F A 49214631 43.66+3.08 38.46+10.65  32.25+7.93

Ve B4 46.96+5.79 38.1245.69 29.0148.31 26.26+9.59

A AR R BRI EE F 40 48.34+9.73 41.27+10.83 30.54+9.97 26.75+8.09
AARBE A TETH 45.69+7.05 40.03+5.79 27.95+1130"  20.47+4.92"

242 AARRERS S R AR R fE A 6970
RARIRER, SIEW4UHEL, ZERANIS
FEEE R (p<0.05), ~FE RIS AL, FERR

28

Tk SRR EE D (p<0.05), T 58T G I8
AR, BLEREMEZER (p>0.05). F 4 F5 &
=B AN YR AL (p<0.05) HIEZXTIE
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HE RN, 16 RBRPFKE R ] (p<0.05)
A RIR I HKESFELG] (p<0.05) ¥LLIEZ N IEL
PR H AT SR EREE 15 4/ R 2R AT U6 £
JE (p<0.05) bLEEZXFIRALH BN, 6 R RAT

WA L) (p<0.05) hIEEXSIRAEEEK; HA
SRR TN =7 1S A 2T & VB L ZE R IR
AP, HEEEEESR (p>0.05). Ui H iR
i B ST SO NBRIC I AR R RE I E A

& 4 BREEX/ R EIRZREE RIS
Table 4 Effect of persimmon vinegar on spatial probe abilities of mice (X+SD, n=8)

213 FATF G RIIK M REL T o RIRGERIT R/ % T & RIRHRBAZ A%
EF 1.50:£0.84 0.640.48 38.55+11.60 39.61+9.49
REATRA 1.00£0.00 1.39+0.36" 21.63+7.90" 24.37+6.68"
Ve Fa 1.83+0.98 0.64+0.41 41.79+7.52 37.82+7.31
A AR EHAH 2 F 4 1.83+0.98 0.90£0.22" 31.90+7.85"4 28.76+5.39%4
AARREESH R F 4 2.14+1.35 0.68+0.54" 32.18+6.89™4 33.48+6.58"

FEXTREZHAREL, SR R R AN B S
i T-SOD EiE MM T-AOC ¥ I B2 THE (p<0.05),
oy 7 o HEEERCRET 44 R CHER 4 (p<0.05); RN RER:
FRE S T-AOC, MDA ACFH B R/ RIS AR MDA 7KF (p<0.05). 53EEXT
R R DU R N R S R RRZH/INERAHEL (R 6D, Al SR e Ak FEEE 1 2/ B
L, 225 R SR AT AR A N BRI A 1 GSH-Px B /1 FH (p<0.05), [FIf MDA &
H1 SOD 1 GSH-Px B /1, [RIS BEAR/N SRR FHFE FE R K (p<0.05). &5 R UL A M R BT Re e
AU MDA &5, RUIZF BRI AR I 4 fm D-"F IR E A/ BN A 2R P A TS
S ZAEH . (HEATA RREE RIS, Stz 71, BHREE D-2FFURE ik 20 20 R A
INFIRE IR A A, R S B TULEH, 5
%5 NFIBDk 1-S0D, GSH-Px BESEM S T-AOC, MDA 7KJ
Table 5 The enzyme activities of T-SOD and GSH-Px, T-AOC activity and MDA level in hippocampus of D-galactose-induced aging
mice (X£SD, n=8)

2.5 AMREEA/DNEmAL T-SOD. GSH-Px

0% T-SOD/(U/mL) GSH-Px/(mol/mL)  T-AOC/(U/mL)  MDA/(nmol/mL)
EFA 28.32+8.63 457.30+100.55 3.61+1.00 18.09+6.79
F TR 19.75+5.69" 275.39+60.63" 1.17+0.55" 20.48+7.84
Ve i F 23.7343.84 320.06+100.20" 3.94+0.55 7.23+2.91*
F A R EARA 2k B 4 19.19+4.81% 303.87+90.52" 2.39+0.26"4 8.22+3.58"
AARE S A EHFa 41.18+4.39"4 351.19+86.80" 2.53+0.57"4 3.20+1.87"

= 6 IR AKX T-SOD. GSH-Px &5 T-A0C, MDA 7kF
Table 6 The enzyme activities of T-SOD and GSH-Px, T-AOC activity and MDA level in brain of D-galactose induced aging mice

(X%SD, n=8)
285 T-SOD/(U/mL) GSH-Px/(mol/mL) ~ T-AOC/(U/mL)  MDA/(nmol/mL)
ERR 12.09+3.29 532.35+87.97 2.56:+0.78 8.03+1.76
R ReLE 9.03+1.87% 289.67+47.14" 2.3040.64 15.17+4.51
Ve g 4 13.13+3.10 473.55+33.77 2.69+0.43 7.43+1.72
A AR B EAE F 40 9.05+1.69"4 290.02+39.71%4 2.56+0.59 7.09+0.93"
AAnREE S ZEF A 9.25+226"4 416.38+71.19% 2.66+0.56 6.12+1.48"

3 it
D-2-FL W5 5 3 AT B LA RN 28 B = A ok

A, G KT AR 7 TR 1A
W2, BRI RINAF AR -4

AYtebn S BRI ZANIAL, & — RO ERAR )5
LAY Morris 7K B2 H1 Richard Morris T 1984
FHRIFIZLTEE, |2 N T %2080 ZFHRR
BIGEE PUEE IR — AT AT %
23, 7 % (MDA & 5 FHFE B0 AR G B =4
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e S L2 2R 4052 ) B B AR RS . A sk
(SOD) FIZ M H i A A YEE (GSH-Px) fEALA
TERR H AR ZE SRR, WE SOD 5 GSH-Px
Ve A A R LTS B B BRI RE ). DRI, 38
AT D-F IR L /N, Morris 7KK Bl H
Al SR 22 /N SR S AZRE T I sg ), DAHAAR T &
f e EAZHZR b AL T-SOD #1 GSH-Px LA JZ
T-AOC 1 MDA & AN FabR, A5 1 H Aili SRR
WL /NR SR RE IR o

AV FURIRES 56 2 M. mf 2 %2
FhyEtHEP,  HATERR E B FE AR P A
FRET24 i SR 22 Ty B 2 s i AR SR
LA HepG2 AR iR it 44k, wIRRiEd Nrf2
SR R ARG T o SR L 4 AT i R
AKEF(TGF)-B1 FIENE 6(IL)-6 /KT, WHT5/NR
it s 24 ARBEFCE VARV T A RiERESXT D-
e FUE SO /N R 2 02 RE T RS S AR R AL
il o B 745 SRR B F A R R G D- RS CE
Z/NRBIF 2RI R 7T, SRR/ N R A A 2T e
RESJAIZS A B ORIFRE /05 H A SRIEIE RS HI )
D->PRLBE TS /N B AR AR 248, s
FEZ/NRMAHLFR T-SOD F1 GSH-Px G 14 LA %
T-AOC i 71, B&#MIk MDA &, AR08 L/ RN
HAVANRIEAKT, EZME.

4 5P

LR LPTR, AMREESAFEERZRE. BT
BRI, R RIRDUAR 1) AR, AT
o D-2FFLHERCRE /N IR Z RS AR, oL
HITTRE SN B A %, AR LS
W
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