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Effects of Kurozu and docosahexaenoic acid (DHA)intake on memory and learning ability in rats

Takashi YUKIHIRA, Tetsuko TANAKA, Atsushi DOI, Ryuji KOMAKI,
Takayuki FUKUNAGA, Min-Chul SHIN
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EPHEREINT WS, FlETOMBERAR, ¥
BRULEL EICHEE LR 2T EHRBRINT
W5*, J4E, Docosahexaenoic acid (DHA) %5
D7y FOWHIZBNT, MEsIC X DA L7227 3
J B om, K F L 72 K M ¥ 9 (Longterm
potentiation : LTP) @ Utk #h i (m E W E O it
MR 2 AT v MR T S 7 L OHiE A D

D, DHA \3ilfE - #EHOBBICHE L, MoIEH
P2 MR T 272D I EE L REHEH- T T L
DI NTWBEY, EHIZH4E, sardine oil & 0
BI7IVNEFANVOEIIICBWT, X )EBLANES
DY YORENFETN, MOFHLPEHETHL
EHHBH L7,

BEEICIE, —BOEFRICHRSY Y87 M AR T
57 3 BOMICy =y aNT B AR Y
FIV, IATN, AT IAIVUVERELLETN,
57 IMAERD R0 H v o v WU, TR St
ER, Moo, M LA 2 &, BHEm R
B %Wbo0, FELXVRBECLVRPDL LS
bITWb, IMosEE, MEMBoFA, FAK - K
RHFRE 2 B ORIEICIE, & ¥ 87 B OIFEDA
WRTHDH, 737 EOMEETTHET I/
BRIZMZ, I AT VRS EEEICELRIEY, Mo
IR AEEICRIZT BT ZAHTH 5,
o T, AWFZETIEATEY =M B ORI = 1 T 1%
T, BREE DHA O BRI AR T »
t OFE LRI T TR EII O W TRE L7z,

I. WRBELVHE

1. EEBREW

6 M Wistar ZHEET v b OLBIBR) %, F7-
DHA 12X 3 % % & L Tl Corn oil # T,
A, ZERAKRG5#, B. Corn oll B¢ 5-#, C. Z&H
7K +Corn oil ¥ 5-#, D. 100mg/kg HFE¥% 5 -,
E. 1000mg/kg DHA #5-#, F. 100mg/kg HEEE
+1000mg/kg DHA ¢ 5-# D 6 #EIZ01F 720 T v b
TR O RS X OUKE BINCERE |, BidEo
B2 M Icoa >y vao— L& L, Sk
250C, EEBG=5 % DG T THE L. o
filE B L OERBRICHE LT, REARPRER KT
MHEHZOHF T 25T - 72 (B&EF T B15-
008) o

2. EB7yOra-

FTRTOT v MR LT 1EMo#ESME AT
BB FHEAE M E LT3 HM%2EL, 3HH
WCHAIAER TR ITo 7. €L T,
100mg/kg @ BrdU % JEREN$ G- L 72 1 REI£ 1275
7K, Corn oil, DHA & HEFE% 4 JERHRkEL L TR
HhEr AT 1Iml/day # BICEHEZERG L. 4
JE ARG U TR G- L7288, ATBh IR % S0 L 72,

3. HIFEEA
3-1. 8FHMEMHIKEKEEHHER

Zefi] S LR ORI L, 8 ARk
# (Radial arm maze, RAM) % i\, 551
B GA T F 2 IEF &2 S50 L 720 8 J IR
KT R X60cm, PH10cm, & &15cm D7 — A H°
FLODNAIET T v b7+ —24 (EE3Dem) 225
Y, &7 — 20 S v TEEE, 8O0
MEA v TDHH5D1KkE AN, T v FOKESR
TEh 2 e L7z BRICES LTI, 24BEMImT & 0
MK LAKIRBETH R L 720 & TOT — A3 ET
DRATHIIREL, KOMELZLESE 588
Z2ARFHIMMR T3 HMSEM L, 4 H HIZHE % S HE
L7ze Z0t, #KF K, Corn oil, DHA & Bk
R G-% 4 BREREGE L, OS5 HRICHO 8
Hgt KRR B R A AT - 720 REERABRIEIT 7 v b
TA—AFRIZT y PR EWHEBHICTE S,
T — LD E TRALKEZEIT 55, MEA v
TP TEDOT — 22 RBIRL-D DL AR
L, v ’5DE&TOREBINL 72 TRATH
TEL7 E72, KOASTWHRWT —ANRAL
LB R B L 27 — A ICHERA LK
Working memory error (WME) & LThw ¥ b L,
AT, WME BOHH 28\ TRl L 720 ki
ARERII AR ORI A N E % TET - 72

3-2. Step-down XB&

A EC R O -l © 72 ® 12 Step-down test % FE i
L 72. Step-down test Tid, 50X 25x%30cm @ % H
T I7INVEEY 7 A v, Ky 7 205125
X12X25em DR EDT T v b7+ — 2%z, £
i 2mm MEO—#ED 27 > L 28 (HEE
2mm) % BE L7, FHFEETIE, Ty M %
5cmDFHEDT Ty M T+ —ARICEES, ATV
TE Y RELIRER20M R, Ty MBI T M T 4 —
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L ENSTED AT v L AR TR30RH
L7-BC, 25VoOBERM#EE 52, IhExzi)7:
Gy BT Ty BT d— o FEAklE LR TR Y
7 AHH|&Hhvic, BT, SHHTEE 0241k H
#%, Iy rEeHITIy b T+ —LLICEX, 7
79 M7+ =LA RO TEROAT VL AN A
WZBED 22 CORMABRERE LT (v M4
75490 FHlL7ze SOBEITIET Y FATED
AT vV ASIRICHED TH AT v L ZAFEIIEEL

R 252 0T,

4. REFHEBEZORE

1 7 Ao 8 Finj itk ikk % ik & Step-Down

R T, XV MV E Y =)L (10mg/kg, ip.)

W THRMER, BEER % YDBH L 72 Phosphate Buffered
Saline (PBS) %4l & ML 7%, INEEAZ{E
WL gy bPIDBORZHMAKEE 4%
Paraformaldehyd (PFA) Z#2i& LALKEE ©%, /%
774 AL, 378 b—2%H, 6um DE
SCHY) L 22l AR AR 2B L 72, T oY)
LA 2 c-Fos (Anti ¢-Fos, %> % 7 Vv X ) &
BrdU (Anti-BrdU, 7 774 ) OHRIEGMEIT- 72,

oK WMEHNTY Y VAE X (BX5],

OLYMPUS) 12 X D20f5 0 5 & % #k 5% L, Cel
Sens Dimension (Verl.7, OLYMPUS) % T

Bt o Bz sl L 72,

5. MRETER

R, WME, “VFXgpr 2 FIg = 5 R 2=
(SD.), c-Fos Fmtkfila, BrdU FEMEMEO 75— %
P GRS (SE) 2 ENENFEH L7z B
AT — B ES B2 L, FHREMREL LT
Scheffe Mg # HW - Z EHE 21T o720, BBAR

K#E1Z5% (P<005) & L7,

. #&XR

1. FEDOZILICRIFIHE
M1EEHOREOEILERLIZLDTH 5,

s X AR, MEdhX A F K, Corn oil, DHA % 7:
FEFERGHZOHEE LT, 48T TCOREDIH
BERT, BOGHAREIELICHNEZRL, &
HEI 2 R I X A 250 FEEE DI A /R L7ze 438
BOMKREIZE L Tl Corn oil, DHA # 58 CTET

RERINZ 7R L2 AR S e o 72,
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1. FEOZEIE

DW, Z&® K ; KZ, HEE; Corn, Corn oil; DHA,
Docosahexaenoic acid; n=6~7; Mean = S.D.

2. 8H MK IEHEE (Radial arms maze test)
72 - EERREIC T HERNET 5720
12, 8 TR R BB & AT > 720 1M 213 8 F7T)
BB IRk I SRR D I B Y 2 7% o PEERERIC B L
T, BB, DHA &5 TZ Ox B0 Z/M K,
Corn oil # G- & el L, 25T ZERe R o 58 A3 T
LN, HEEIBOLNro72s LAL, B
Wk + DHA % 58 TlE 28K + Corn oil ¥ 5-#F & I
X, HERITERE OSSNz (P <005),

dpy Mk r s

I e
J- L T |

100+
e o tﬂ-lnu Elirrn aabmg Em- A00myg
HKE WA Cam KEs
A000mg
OHA&A

2. 8H MRS IRKEE R D ERFHE
DW, 2K ; KZ, Bt ; Corn, Corn oil; DHA,
Docosahexaenoic acid; n=6~7; 3, P<0.05; ns,
no significant; Mean = S.D.

31 WME o2 t%#/~"d. WMEIZBL T, &
Wed G R CIIARM ARG L ) WME O AR
LMD, AEAIBOOLNLPo7, LAL,
DHA, &WE+DHA &5 #12B v Tid, Corn oil %
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5L A YEAK+Com ol -G IR, AF %
WME DA 2558 517z (P <0.05),

3. 8HLMEMSIKEIEHERD WME

DW, Z&% K ; KZ, B ; Corn, Corn oil; DHA,
Docosahexaenoic acid; n=6~7; 3, P<0.05; ns,
no significant; Mean = S.D.

3. Step-down inhibitory avoidance (step-down) F5&%

RS T 52 B2 MET 3 5 72912 step-
down iABR % 17 7% o 72, HWE, DHA #5-#CTldxf
RO K, Corn oil $5-8E £ V) Fr 2 [ 0 4554
AVRD BN, HFEEFZEDODON ol L
L, HF:+DHA 3 5-# TIEZ&E™ K+ Corn oil $25-
FEE N, HEZPIEREOEMI RO bz (P
<0.05)
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4. Step-down B

DW, Z¥ K ; KZ, Bk ; Corn, Corn oil; DHA,
Docosahexaenoic acid; n=6~7; 3, P<0.05; ns,
no significant; Mean = S.D.

4. c-Fos ZHHEOZEAL
ARFgECIE, MRS O %2 Biid 3 5 720,

Faif k<~ — 4 —TdH % c-Fos & 272, c-Fos 13t
DBIZTZ TGS LER T L LTH L E X
LENTWb, cFos BRZBL L7212, fkAx & h A
r— NSO E, MOKISHZILT s E2 5
NTwb, X513 cFos Mo %2R,
c-Fos B PEMIL I Z oW T, B, DHA 58T
IR BRBEIZHT L, c-Fos Btk fiig o B mAs i & 7z
D, AREEROON Lo/ LAL, HEE
+DHA $5-# T3 7K + Corn oil # 58 & LK L,
c-Fos B tEfi e o B B ¥maiZo bhiz (P<
0.05) o

A tweceen 10y WE

1D30my Cilid

st e o
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5. c-Fos [ZM#ifa
IRWVIEENE c-Fos BatEfiie 2 7R3, DW, 2K ;
KZ, B ; Corn, Corn oil; DHA, Docosahexaenoic
acid; n=12~14; *, P<0.05; ns, no significant;
Mean = SE.

5. BrdU BN ZE L

L DRI % FEFES 5 72012, BRI R =
DNAGKORELZMSE ETHMHTH 5
Bromodeoxyuridine (BrdU) % v CHEE% 1T -
720 BOHKG1EMETC, BrdU 100mg/kg % 45 H
1mZ >y bW (LP. Injection) (25 L 72,
c-Fos B Mila & [ k%, HiFE, DHA #5-# Tl
HBECR L, BrdU BptEfile o3 imas i o iz 28,
AEAETZEDON o7, LaL, HEE+DHA
Pe 5B T A& ¥ K+ Corn oil # 5B & g L,
BrdU Bl o4 &z Bmasidd shiz (K6)
(P <005),
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B oweceen 1y KT b DEA LRl T
-t L T T =
= - — >
B 200 e -
e 1 1
8@ e i
i! [ -
B ok Sl
@ “pw img Com 1 DW= 180mg
= [T Com  KZ=
163
A

6. BrdU FEtEiEa

RWVEENX c-Fos MM 2773, DW, 288K ;
KZ, Bt ; Corn, Corn oil; DHA, Docosahexaenoic
acid; n=12~14; *, P<0.05; ns, no significant;
Mean = SE.

V. E%

MR, —#MIIET RS, SIE R, PRk
TER, MIEOUWE L Vo 72kk2 RIESDH L L SN
TWb, TER A OWFZER R TIE, HBEEED) /<
74— v AORAE, MO RE, i X
LB O TSESE ISR TH L L 25
P L7ze —BOBEFRICHREBRECIEZY Y87 HE
BT 27 3 VoMl = v Eeany ik Ak
Ry IV, IATI, AT )AL T VENRLLE
FNTEBY, AT 4D VI3 e hug bk
M5 LHMEINTEY, SSHICFEOMEOHT
b ARSI LER SR SRR b B L ST
WaY LhL, IhoEZELHELEFEOML 2R
EPMESI N6, WEREGTEALNTY
Bl T OB A, 8 R ORI RITT
BRI LTI, REHLPIZL TRV, £2
TARFERTIZ, BEEE DHA OB T v MEKO
MR AE & 2238 - BEEINIC RIS W TITH)
F R OV RR Y T 2 v TRRE L 72,

22 - RS R R 2 720127572 8
J5 IR S R ER T Ud,  HEE L E DHA o Hphk
BCIRARELIRD N D 572208, IrERH O
MR oMz, LarL, BEEE DHA Ok 51
TIIFr BRI O B 2 HiE 25780 b7z, Working
memory error (WME) Tl&, DHA Hiph5-# &
Bk L DHA FR 58 CTHE 7% WME OiRAH3:8

D 5Tz, HIELEE O i Td 5 Step-down ik
BizBnwTy, BEEE DHA [RGB CHE R
PRI omMzRD bNlze AP HIZE A E, HAD
KRB Z2 M8 - MR, BRI E B8
& 8 Ji IR s SRR O SR [, WME, 4mi%
RE DA E %W & Step-down R T ORI %
AREICHEmMSEZEHMELTWBY, £72, Kim 5
&, 79V rERE )4 XTORET ) 4 X% H
N7 v bA, 8 AT IRER B D LT — %
AEIM L2 EHELTWAEY, ThooMiid, B
R, RIS & O RRRIBAS ORI % (=
EL, EhICEBEr Lz RE L,
LCTENS BT 5 2 L1128 T 8 FIRRE
BBk & Step-down iRV AEH TH % Z & & Wil
LTWh, AFRIZBWTD, 8 HIaEHREE
B & Step-down iBECH U TH S Z &0 5,
DHA & BEEOEBIAST v M8 LR otk
B R 52 72 REEDSRIE S 7z,

T2, BALA P L AET VNS =R, T
A7 AEDORINBEREBE EAE & 2 iR B L 0
B OREERERIHZESBEIMLCTB Y, BIEA T
L A & o Tibs6 S N5 IS OMRHREAS, PiiR{b
X o TTPHTE S Z &R, BEIC X B HiBRILE:
FIEPEO R w6 & ke #2 K (BDNF) &0
EMALIE, ARLRAERONEEZ 2632 8%
ERE SN TV DY, ER L OB RTD,
BEEERRALA + L 2 O3] & BulRAL/EH o 3K % 4
LT, WEFETFTIVT v b OMRRE 2 9§ 2
& TIZEIC X 2 BB RE MK T 2 5 o lfE 2 et 5
5T LR L (R¥ER) . —ROAREICHAE
FEIZIEA TG ATV B% L EENTBY, 27 /41
VBTN AENZ &R, BAEFESE L ENE
MBFEXWMIITHETLERPROLNT WS,
DHA \ZBI L T FARICHIRLIER 2 4 3 2 b A
&N TH Y, DHA 2% methyl mercuric chloride
DFEEA & NIH3T 3mHE M o PR3 & il biE
ZHETAHZEY, Ty NTOL AN 3IREEOBE
7 BDNF LNV ok, BILA ML 22X 55
DG EZIH L CHEERELLZET L LI TV
%%, F72, DHA OFERCRMEE - SR LI
FZTHEIOWTHEL L OWMENH Y, KEET
VEIWIZ B WT DHA OG5 25E = 2 — 1 > off
i, FERBERETOUEZELDLLTEEIATY
20, SROWFETIZERILA ML 2 RHURAL/EH
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DOWWRBIFIIT > TRV, Zh b X ) BEE
% DHA O T v + Ozt b LA
O & PURILTEH OB RIZE D b 726 SR
THAHWHEENEZ SN D,

ARWFZE TILAREMNE O 16 & Mg O B 5l % ffe 52
572912 c-Fos & BrdU &gt 2475720 D
KA, MR DHA O ¥ 51238 Tl c-Fos,
BrdU B eI 3 IME RIS B > 72 b O DF A
RO LN Loz LL, HEEEL DHA OFK
BGHECIEmEMR oA R MsRO bz, &
B O DT o 7o EE R BI ERER T & v 72 BL A= e
DEBRTIZ, Ay Aa, v, 757 =Mool
TREFHENIPER TV LI FBEEIEONRT
WaHY, T BERLOT 4 A —%TF v PEHW
TSN X 2 7B e hiBRIC B WwTd, DHA
Wa-) VRIS EN, 77T IR
BDHRERI o LB L Tw5Y, EPA & DHA
(& n-30 5 EA SRR O —FfETdh D, MIhi s
BICHEEINTV5, ndEiMB~DOREIL, BALT
178y 7" 0 A B S 5 BN T OMRESE A & il
{LL, LTP #4212k o Ty F 7 AWEYZ
HED, FITIIBRIRZSEE D 438 & #i 7= B RE % e §
72D, fAREWE ORI RET L Lt sh
TWwa?, F72, cFos BEtEiilies L OWHEICBITS
FUIE T Ok R B L 72D ORI E & BN S &
52 Lk o Ty F T AWML S B & il
LT 2%, RIS n6lRiEE % n-3RIHE IRk S
HHIENTESHZ L TDHA 28EICT 5 EYiE
< A D3RI O MRS & BN S 472 & Kang &
S L TwW5?, DHA W, WAfsROISES X
OBEfE, SEEBEEICBWTHEELREHEZRLTS
ENHE SN TV B 2HREEOSE I S OFREEICH
FTHHMEIIRE R VCONBUIRTH 5%, REBRDOH
BCIXEEER 513 DHA & [ £k IC c-Fos & BrdU B
PEMINE %2 BN S 27205, FAREATRD ONEho72,
L2rL, RAEEL DHA OFRFRGRETIZ 2 2OWE
DR X 2 BB Of Z 2B bh
7oo INOHOFERDS, BREHEIUIFEEOFLET
HLHHEHIZHEE Y 2, DHA & Ak o8 iR
ZHERILTVWEEEZONSL, TROBE L L
C, HBECH DHA O &9 B LEREZET5 2
EDFEEINT WS, F7-Huang HI12L 5 &,
LA b L ARSI 2 12O N T TO
PR A SRR BE ISP S B & &3 S

superoxide radical % F2:9 % R B L PUELEER TH
% Superoxide dismutases (SOD) @Kz, gk
TH LW 2 -0y OEEL KIFEICHIKR T 22 &£ T
ZH - RENICEEERITWEEE R L TW S
o TNHLOHEN D, REBRIZBIT 5 BEEOR)RIZ,
FRALA + L 2 Ol & PrlRit )] OB K % 4 L Tk
ORI A 2 S5 LT, Ty hoFEEE
RIS B2 D EZ O A, L
ML, GROEBRTREEORED RWEHITH - 72
LOD, AEAEOHIHICES o ERNELT
7= 5 DR O+ 22T 5 2 AT
&5, ¥/, BEEL DHA OBILA b L R & HilRL
EHZERET 5L TEDA D= AL ZHLDITT
LHZENTEXLDTII R WhEEZOND,

Cole 513, DHA 7 Or 3 i fh ot S 28 [
DN L NV & EH S8, 7Ty ng < —RKE ek
T5ZELICHGT 5 (n6) IRIRT 7% F kb
IOFOTORY 75T URBHED R SRS
72, DHA LR fbWE 7% & ClIcit sz
KEMBEMORYBHIT VI NA < —iHEDOF
RBREEICB D E FIR L TV DY, RIFZEOMEFIE,
COFRETHTHLOELSTEY, Hmibhds
GV EEEZ DHA L@ T4A2LI12E -T2
DOWEOMERRZ M LA TEE, Ty
INA < —TREOFRIIE & F83EREE OF B SOIFEIRSL
BILHGTERWRBENHLLEEZZ LN,

V. i

AWFFe s R, REEOMKSNY 2 EIUE DHA & [
FRICREI oL TH HiEH 2N L, Mladd %
1A 2 FCRLE ) OBERIC B 2 5 2 B W DS
BN -7z, 72, BEEE DHA %
Ws5Ey, FBERTSZETHENEEZES S
EWNTET, ST HRE L FEBWIH OMETIZ X
D, BEEE DHA O®REZWIEICTHZ LT, BH
HE DU RN ERE EDWLF G TE L Z & T,
BED QOL ] FIZED o T W EEMEDIE 2 S
b,

VI. EiEE

AWE7EIL, REARERI AR FENIZER (2017-C-
03) DB %2 FFEME L 720
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Effects of Kurozu and docosahexaenoic acid (DHA) intake on
memory and learning ability in rats

Takashi YUKIHIRA, Tetsuko TANAKA, Atsushi DOI, Ryuji KOMAKI,
Takayuki FUKUNAGA, Min-Chul SHIN

Abstract

The beneficial effects of black vinegar (Kurozu), which contains high levels of amino acids,
minerals, citric acid, succinic acid, organic materials, vitamins, minerals, and melanoidin have been
reported, but it's not well known whether Kurozu can have any effects on memory and learning
ability. Therefore, in the present study, we compared the effect of Kurozu and DHA on the
memory and learning ability of rats using behavioral tests and immunohistochemistry. We found
that in the radial arms maze test, administration of Kurozu or DHA slightly shortened the total
task completion time but there was no significant difference. However, Kurozuu and DHA co-
administration significantly decreased the total time due to their synergistic effects. DHA or
Kurozu and DHA co-administration significantly decreased working memory errors (WME). In
the step-down test, Kurozu and DHA co-administration also significantly increased latency time. In
addition, co-administration of Kurozu and DHA increased the number of ¢c-Fos- and BrdU-positive
cells in the rat hippocampus. These results suggest that net increases in hippocampal neurogenesis
from sustained Kurozu intake are likely a result of hippocampal activation and neuronal
differentiation similar to the effects of DHA, and that such intake could ameliorate memory and
learning deterioration in rats. Futhermore, synergy was accepted by administration in both sides
in comparison with the independent intake of Kurozu or DHA at the same time.

Keywords: Kurozu, DHA, memory and learning ability, rat, hippocampus
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