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Effect of Defatted Sesame and Perilla Methanol Extracts on Cognitive
Function and Antioxidant Activity in SAMP8 Mice

Min-Young Um, Won-Hee Choi, Ji-Yun An, Sung-Ran Kim, and Tae-Youl Ha*

Food Function Research Division, Korea Food Research Institute

Effects of defatted sesame and perilla methanol extracts on cognitive function and antioxidant activity of
learning- and memory-impaired animal model SAMP8 mice. Animals were divided into 4 groups and fed with
diets containing 0.3% (w/w) defatted sesame (S) or defatted perilla methanol extracts (P) for 12 weeks. Step
through latency of SAMPS control group was significantly higher than that of SAM R1 normal group, whereas
significantly increased in S and P groups compared with SAMPS8 control on passive avoidance test (p <0.001).
Acetylcholinesterase activity of brain in SAMPS8 increased compared with SAMRI, but no difference between
SAMPS8 control group and sample-treated group. Brain TBARS contents of SAMP8 control significantly
increased compared with SAMR1 and were lowered significantly by supplementation of defatted sesame and
perilla methanol extracts. Defatted sesame and perilla methanol extracts attenuated increased brain superoxide
dismutase and glutathione peroxidase activities in SAMPS8. These results suggest defatted sesame and perilla
methanol extracts could attenuate cognitive deficits induced by aging possibly through activation of antioxidant
activity of defatted sesame and perilla methanol extracts.
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Vgt dzsto]w, syl Aw ke AAE R Se] whabgof
A a3 AL sl Ao HIHT Yrk7). AHelE free
radical & Wolahs FAkstA2aHo] ERsl=t] o= M EAA
o} A2AlR FEEY ALARE catalase, superoxide dismu-
tase(SOD), glutathione peroxidase(GPx) 5¢] 2t} Fumihiko ¥
(8)2 SAMP8?| % AF ZIsHE-S SAMRIETE ¥& 53
< Yehiicky B 178997 Dogru-Abbasoglu $(9)¢] AT
oM x3lE F o] oM AE Frio) wel SOD EAJo] T
25T g AAISATL
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SAMP8A 370D AHAA A7 sH AE
%) acetylcholinesterase 2 &4tsl & Ao FAdo] ©
2 AR

Algel & 9

2 g AME ) 2 Ele YR Ao 2
THsted M, AH, ARAA 200000 EE Helgk & o)
otk 7188 ARS 3 Fojzl ek E702 40 mesh
2 T F UARE st 20°C YA Basir &
B Azl ARSIt whekat Sapake w1 F, seie] 80%
LS Hrlate] ALolA 150 pmeE 3A17F E<t shaking
sty FFsiR e olE 33 HhEste WEeE —’FE%Z A
o} ol& g F 40°C olstoll M 7hE S(rotary vacuum
evaporator R-114, Swiss)s}2. 4 7% 3 th FEA ) A}
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HESE AT Y AlEQ My

E AFoA = senescence-accelerated prone mouse(SAMP8)S}
senscence-resistant mouse(SAMR1)E- &H=3}8td L AofjA] Bk
ol e/l €7 T EETAE (S SAM {31 AEE FALE, A
B 2ehla 22.0%, 2AYW 45% o4, 2R 6% o8k, &
R 8% ok, ZH 0.7% °14, 2 05% o) FrSAEs
EAFLE ARSIt Aol o7l ¥ SAMPR W Riol
olgle] Fa7b txw, &) 7 wed FEFE A7ES), ¥

A B WES FE5E HANPCR Rlen ZF & 1on)

2= AJHNA passive avoidance test® E3e] S12171%59] &)

IS Zgsigiony I Fo) 247k AAAF)T diethyl ether
2 oA A RRO e BAE AHE. AFHe g
2 da)E-g| e Hol ice bathell 2087+ ®X]E 3 3,000 rpm,
10%7F 21422 (Brushless D.C Motor Centrifuce, VS-5000,
Vision Scientific Co., Ltd., Korea)dled Ag7e} d3oz #g
.%?]"2" tl ¥4& 4 A7 -70°C deep freezerol]l B33l 2
W, ¥ ice cold saline &<l A|HE by AXE E7])E A
71sted FAIE E2A4815L, HFE —70°C deep freczerol] H.3hajo]
acetylcholinesterase €4, 33kal aA3Hd 9 A aidslE =
Aol A3t

Passive avoidance test

Passive avoidance(256000-series, TSE-System, Germany)< P+
F20] o]Fg Foldhe FAS ol&ste AAE AREA ¢
A3 HAZ FREY o, 1 Atojo)] 22 Fo® AAH
ofglrh. HEFTEE WA ¥ HE FH X GHE Boirt
=, ol F& 2 03mAS] HAFE 327 Fol olF 7Y
&tA sich ol & RiESte] AFAIR thy A HAlel 4E
TEE Fol, WE sty AR Eolvked 7 dEle
A ZMstep through latency)s =3 8t5ith.

Acethylcholinesterase activity &8

HAZ2] acetylcholinesterase /J =2 cholinesterase activity
kit(Sigma, USAYE o]&35l] #4519tk 84 02 mL sodium
chloride solution 0.2 mL& &3%}38F § water 3.0 mL, nitrophenol
solution 2 mL, acetylcholin chloride solution 0.2 mL2 7 7}

oz s} dEaolE AIN-76 diet 2L 7|Eo7 & 25°C water bathollA] 3087} vldA 7l & 420 nmellA SH=E
2 At @A) E7) wieks FE2ES ole 03% M7l Z3sle] AarstAth Hz4 el acetylcholinesterase 2412
1257 Fsisies, A8Vt B9t B3 Hole AMEA ¥ Elman W15 A%t ZAsi0th 24 oAl JAFS
Tt & Agola AR 4o} 4] AE-2 Table 19 A cuvetteol] F3L, 2.6 mL phosphate buffer(pH 8.0)%} 3-carboxy-4-
Astgdch, Ao H2 e 13U 33] dABE Azt 24 E nitrophenyl dissulfide(DTNB)E o] #H-g-A1A 412 nmoll A 5%
on), AFe wF AU AUERE Aol /o] FR 1 FAEE SYHG
Table 1. Composition of experimental diet (unit: g/kg diet)
r SAMP8
Ingredients Croup SAMR1" Con? S )
Corm starch 5295 529.5 526.5 526.5
Casein 200 200 200 200
Sucrose 100 100 100 100
Soybean oil 70 70 70 70
Cellulose 50 50 50 50
Mineral mixture™ 35 35 35 35
Vitamin mixture” 10 10 10 10
DL-methionine 3 3 3 3
Choline chloride 2.5 2.5 25 25
Defatted sesame extract 0 0 3 0
Defatted perilla extract 0 0 0 3
Total 1,000 1,000 1,000 1,000
"SAMR! : Extract-free diet.

*Con: Extract-free diet.

*S: Experimental diet containing defatted sesame methanol extract.
*'P: Experimental diet containing defatted perilla methanol extract.
YAIN-76 mineral mixture.

PAIN-76 vitamin mixture.
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Thiobarbituric acid reactive substance E& &%

Mz A HilstE FEe =23 dAHHFE Teflon
Potter-Elvehjem homogenizer2 rljist] & #dd-g ksl
Ad BAE A% AlER ARSI A Fatste £42
Ohkawa S(16)9] ‘#¥ol wel BAsigien, deEgdaMe
1,1,3,3 -tetracthoxypropane-S 23813

Antioxidant enzymes activities &3

aAtgtA §4 F catalase, superoxide dismutase(SOD)
glutathione peroxidase(GPx) 8-9-2 oAl 4 slHr) ¥ 23
A 1080 volume2] 0.25M sucrose/0.5M EDTA bufferE 7}
3lo] ®wslell homogenizer® sl o, oju H2 #3
2 1,000xgollA 5E7F YAE2(rotary vacuum evaporator R-
114, Swiss)at] 5NE catalase EAYO T XM o]
&S oAl 12,000x oA 3087 Y4igsle] dEe
SOD¢} GPx &4 &4 AME3iReH, 248 Alge #4
AR I0°CoAlX HE BTt Catalasew hydroperoxide”t
2] de AxE &243e Aebi®] W (170l F3)%H 20, SOD
48 Marklund®] %9 (18), GPx= Lawrence?l Burk®] =

19y AH&-FT

cliE N2
7t gA-e] ThlE e Lowry (2000 olsted A7 #
FALA DAL 28IAE bovine serum albumin® AHR-3FETH

BAHIXz2|

HHAI= SASE o&dld AT BALEELAE U
eEpRom 7t o] Rt 48 BAREAE 3 3 a=005
%o A Duncan’s multiple range testS A3 T

HEEn W 0F

Passive avoidance test& O3t ¢IX|&s 7|

Fig. 1ol Z}zte] d@dAeld& Fadtd 12577 A58 &
passive avoidance chamberZ F#HAIZ] & step through latency
H3LE JeERlth. SAMRIZ) step through latencys 3003%
Fou), w37t E2E R 1382E o3 oz 7hAdl
(p<005 AA7)5ol FelHos &4EHAZFS ¢ F AT
et €2 ) e F2E 92 5 ves FEE
S FFHG FolME step through latency?l ZHzF 25239} 256
Z2 SAMP8 Tzl Higt felxor F718l3l SAMRI
o7 Aol AR g JERUTE Umezawa S(2HE o-
linolenate/linoleate =Ajo] ThE &julbr]y 71834 7|88 =
SPERInpe 2ol A FFe A3, oclinolenate”} FHE E71%
saae] gFFEe] AAEUSS Histen, o= 4]
¥ AXA 9] n3m-6 BESE AW Hgol| FEg PR A
o2 AAsirk g 9elyl CoF E -2 gits) vjEinle
Al UM &8 IA75E MAARITE B 5 <
oo(22), AAIZ HIEW Ex =04 xuiga} X8 tzteg
o853 Qe Suganuma §(23)9] HIdAME BulEdA] F
23} lycopen 2]ololl o] SAMPSNA 717k AH Al pas-
sive avoidance testollA] step through latency”} 9| & o2 Z7}
g Buste] B A3 fARSE AES VR o]tel
APAANE AHE o 9 el EMWEE FEEL =3
2 Q% 1A 75 Agtel WS A 7193 FEANE AN
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Fig. 1. Effect of defatted sesame and perilla extracts on
impairment of learning and memory in SAM through passive
avoidance test.

Data expressed as a mean £ SE of mice (n = 10).

Different alphabet letters mean significant difference (p < 0.05).

HAZ % e Aew Aden,

Acetylcholinesterase #4

Acetylcholinesterasew= Al'Y 29} A2 Atole) Al x| &
Adls 8% AAAE 42 deA U= oHEEHS
acetate?} choline®. & 7}23) #alAl7]= E402 o, AY
T 8 2Ad EAE, Fzstoln] Fxte] wFol|A EAo]
Pashe ZoR B3 E3 Jrk2S5). Table 20 A3} ¥z
Aol 912715 71Uk ABAE 7L U= acetylcholinest-
erase 48 VERNSICE Ao EA8PE HuEy 7}
= 2l BAH Frelxke vehtA] $3skort SAMP8e] SAMRI
o Hlgled thi Frlete AES BAow, @A Al oehg
Z2Z B SAMPS ol Hate] 7adks AL Brh
H 2o A s SAMP8Te] EAEA o] SAMRIC| vlsled &
Aol Rl Frhetlev ol 2 B0 FEE bl o
B 54849 wistke vepA efsitl 2 AFAEE, dF
o] Th SD rallA x| =3|e] F-9e w2} acetylcholinesterase
o] AE %3 A}, old male raw(18-22 month)©] young
male rat(3-4 month)EU} W& FAEHE vepRSoY 53
hippocampusell 4 ©] ZAAFJTER d Das 526)2] B9}
SAMPS8ol M Al EF-ol 2l8le] acetylcholinesterase #4o] =
7HTRAL g H F(27.28)8] Hashe AtEE Adkelt) ofy
3 zole FE FH, o] Foll 23 ¥ wMiAE + ¢l
ou g7k Aul A5 gk AMA ko] F HA o)
acetycholinesterase inhibitor §F¥o|¢th= A3 =% acetylcho-
linesterase /3-8 acetylcholine $HaFats #&Ado] Erhe= H&
werg o), ofof sk 2pAEE APt 2 7R

L
% e !

X miishEn sslss #Y

e AL ko) 8 % BRsix|iale] gheko] =31
Waka &g o] thg A7iol vgled go} ishy &g
Ae Aoy RIEYHYN o, olF ¢l =& FHaks
o] 23L& Mirlsoldd FEAAEAY Fles HAT=
o2 d#HA 9rk30). AAlolE free radical®S 2ET
= therdt gakslAl7E EA)8t free radicalE S EEAOE

A

B

30 =Y Mo N



640 =M F 2581 2) Al 36 WA 4 F (2004)

Table 2. Acetylcholinesterase activity in serum and brain of SAM"

SAMPS8
SAMR1
Con S P
Serum (rappaport units/mL)” 113.3£57N4 124.1£53 104.0+0.2 119.6+£7.18
Brain (WM/min/mg protein)” 23.9+0.7% 28.6+0.6° 29.1+2.1° 28.7+0.7°

"Values are mean = standard error (n=10).

“One Rappaport unit is that amount of cholinesterase which will liberate 1 um of acetic acid from acetylcholine in 30 min at 25°C at pH 7.8

under conditions of this test.

YAcetylcholinestese activities are expressed as amount of 5-thio-2-nitro-benzoic acid produced by hydrolysis of substrate.

“NS: Not significant.

“Values with different alphabet within the row are significantly different at o = 0.05 by Duncan’s multiple range test.
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Fig. 2. Contents of lipid peroxides in brain of SAM. Data
expressed as a mean * SE of mice (n = 10).
Different alphabet letters mean significant difference (p < 0.05).

AAsnZ A PPde fAsE Yot e HE
2AS} EAAR TR GAAE SOD, catalase, GPx
o] 3, °]E2 Aol AAdE AE HEES GAEZ
AXNIE F2% AT Jit) ol B Ao HzE
o] AANsE s Idatatas A WElE Fg 2
Table 3ol | A&}t

A AFptelE shES R, SAMPS THRZS 1434
nmol/g® SAMRI* 114.5 nmolig B0} ¢8| 271619y, &
2 ) WEE 283 E9x) 87 ves FHE Hop 7
7t 633 nmol/g, 592 nmol/g® & §-2latA 7HAsiloen, o=
SAMRIZHTE ©] 22 7k UehllthFig 2). E3F 3¢
3} EA8HL B9 catalases ZHto] W £ojabzh 9T,
SOD$}+ GPx= SAMRIl| H|8l] SAMPS thZ5tollA 7h4a)
Rovt et E7 FEES ANl wel gl vlsie
S7tetd SAMRIZFH A S RYthTable 3).
Kurokawa 9] A-7F@1)e] 2J3lH, SAMPSH F AAryr] A

% off B ol

Table 3. The activities of antioxidant enzymes in brain of SAM"

el = SAMRI1E] cerebral cortexo| A Mn-SOD, catalase,
GPx €484 Bla A] SAMPSoI|A] Mn-SOD$} catalase®] &4
ggo] froFo g pasion = 2AoA F&g iz
S W7 FEINIE A SAMP8 A Mn-SODQ] M 4=3=0)
E4E RS} w3 Alper 94(32) A 5H =
#(16-18 months)2] HollA catalaser 744, MDA 458 23]
FAH o R F7eHE AT & O Frkl we) wol=
A2 HslEe] 43 gaksl g47ke] Bade viEel)
gt o8t AshEol 2 FElvlel e adEez AAs
Al Faa A 0] glgo] AepRe R 73] AkshE &A4E
ol AUd] FH=EE Zom B

olggt wslol M A FatslEo) 2o Bx) i)
92 E70e] WEg FE2E FriE feldow gasigon
(p<0.001), SAMRI-HT} ¥he 438 Veh)lo s9} pej
Aol sl WE AP HataEe) 458 gAzow o
A= ZoR AlsE) B3 g4 ) 2 g@r] 579 o
©E F2E Y7hs H23 F S0D 848 SAMR] &9
QAR S EAZ T, GPx B Z7HF)= 9P catalase
doll= kv ISl ol free radical A7 Al SODe] &
del F7keted 0,8 AEo2 AATGOREN HO0,7F A
o2 9 AiEo] catalase?] Ao 9FE nX=] B3 Ao
2 AZEY. £3] GPxe 2L s F R ErhEgs
o, 2 G4k o8 4tste A2 lsle 2 uhe
HEE she AoR Mol @x] A7) FEEY HFd w2 &
2840l Z7ke ARAH R N EE QS RS R
o2 AzbeEth 4 5(9)2] Ao 2shd SAMPSAlAl 7] 4]
olZ o/ Bt AdF Al &4kEF &4 Cu-SOD, Zn-SOD, GPx
o] izl wiE] fe¥oeg Zlsldnt olE A A&
oholl xEo] Q= siuEd, FEed, Jl2E|kolE Eo] 8
AstEE Wi Aoz Aksdnt 3k 2 5(33)e] Ao
ME SAMP8AAl e E YR st 80% e FEE
£ A7ie A RE g7 B Ao iz =3lwrl 9

£r o

SAMPS
SAMRI
Con S P
Catalase (unit/min/mg protein) 1.96 +0.10M2 1.87+0.09 1.59+0.12 1.84+0.15
SOD (unit/min/mg protein) 2.54 £0.09+Y 1.62+0.25° 2.64+0.19* 2.45+£0.23*
GPx (nmole/min/mg protein) 11.88+£0.68" 1041 £ 1.04" 13.45+0.59" 10.45+0.89°

YValues are mean = standard error (n = 10).
YNS: Not significant.

"Values with different alphabet within the row are significantly different at o = 0.05 by Duncan's multiple range test.
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thu)aled 55%014d9] #HQ AAEAE EY, hydroxyl
radical?} MDA F<Fo] AEo] 3tz QI @Aitne] 34
o gRE HAE BIFHN7) J2-E AASAT. Kang 5(34)
2 A8 FaE Jroz B3 ¥ lignan TF % sesamin,
sesaminol, sesamolinolE SD ratol| Al 43 A=}, 7k MAke]

MDA &% Folatd ZaAlZivkal B sy on, vpguo
A A7 FQ lignanE AFHAA 2+9) sl AAE A7 A

o] At

HolHE B A7z vixe A%
A 2 % 8 A

oleigh Bew vivo] ¥ o @

gBe 22 e ko mE giabse] AFE oxE
=3gloll W2 free radicalel] ©J$t o] TAR PN RS Y DA
o= 7199 Mol rlodls Ao AgEH, o= olF
FZ5 o] Ude AESFET o-tocopheonol R THF

Mo eae Ao
ool e AAg A7} 2rEt

gt lignan 59 FitslEAE0] 4

2 F&5h} 9%

g o

2 e @A A g gAY dgeFEEc] 7Y
I sEY Ee 5498 /A e =3EdukeA SAMPS
o] AA7E B A Al vAE FRE AR $lEk

7 &5 03% 747]' HolZ MY JHAZ F passive
avoidance test= UA|715WHIE AL, HF acetylcho-
linesterase &4, AAZAIskE 2 SIS 481
o o A, g1 2 2 @A B WeE FEE0] k8t
ZER0F 7438 sep through latency?t 2718l o), dolx
222 acetylcholinesterase E/doll= YIS wA[x] Eatqrt.

AW =2 BireElEe SAMPS EH}:TLOHH solakA =718k
on}, g2 el gx] 5709 dEg FEES e EA
FosHl #ZAsle]or, SoDst GPxel &4 Uikt o
ZhA =2 et @2 £ wehg FEEL RsERnky
29} 12 71%& N4AAF|H, )& cholinergic 41737 dEH] A 2|
watEche AU 21 ZaksE oA 2 dhtslas B985
g 7S o R A7t
Al 2
B A7 sH7IsIEAREY Ay X9des #8E
FAZe] URZ oo TRAI=YU}
2 3

—

.Takeda T, Hosokawa M, Takeshita S, Irino M, Matsushita T,
Tomita Y, Yasuhira K, Hamamoto H, Shimizu K, Ishii M, Yama-
muro T. A new murine model of accelerated senescence. Mech.
Aging Dev. 17: 183-194 (1981)

2. Hosokawa M, Kasai R, Higuchi R, Takeshita S, Shimizu K,
Hamamoto H, Hanma A, Irino M, Toda K, Matsumura A. Grad-
ing score system: a method for evaluation of the degree of senes-
cence in senescence accelerated mouse (SAM). Mech. Aging
Dev. 26: 91-102 (1981)

3.Cho KH, Yang SD, Yang KS, Yoo JK, Lee PS, Song CW, Han
SS. The grading scores of aging, productive performance, hema-
tology, serum biochemistry and urine biochemistry of senescence-
accelaterated mouse (SAM) with age in KRICT colony. Korean J.
Lab. Anim. Sci. 15: 315-324 (1999)

4.0Ohta A, Hirano T, Yagi H, Tanaka S, Hosokawa M, Takeda T.

Behavioral characteristics of the SAM-P/8 strain in sidman active

avoidance task. Brain Res. 498: 195-198 (1989)

5.

20.

2

22.

23.

24,

25.

26.

27.

FEEo| AT B itk vl dF 641

Okuma Y, Murayama T, Tha KK, Yamada C, Hosokawa M, Ish-
ikawa A, Watanabe R, Maekawa M, Nomura Y. Learning defi-
ciency and alterations in acetylcholine receptors and protein
kinase C in the brain of senescence-accelerated mouse. Mech.
Aging Dev. 114: 191-199 (2000)

. Kim JH, Ryu ID, Lee HG, Park JH, Moon GS, Choi HS, Song

YO. Effect of Kimchi on production of free radicals and anti-oxi-
dative enzyme activities in the brain of SAM. J. Korean Soc.
Food Sci. Nutr. 31(1): 109-116 (2002)

.Harman D, The aging process. Proc. Natl. Acad. Sci. USA 78:

7124-7128 (1981)

. Matsugo S, Kitagawa T, Minami S, Esashi Y, Oomura Y, Toku-

maru S, Kojo S, Matsushima K, Sasaki K. Age-dependent
changes in lipid peroxide levels in peripheral organs, but not in
brain, in senescence-accelerated mice. Neurosci. Lett. 278: 105-
108 (2000)

. Dogru-Abbasoglu S, Tamer-Toptani S, Ugunal B, Kocak-Toker N,

Aykac-Toker G, Uysal M. Lipid peroxidation and antioxidant
enzymes in livers and brains of aged rats. Mech. Aging Dev. 98:
177-180 (1997)

. Namiki, M. The chemistry and physiological functions of sesame.

Food Rev. Internet. 11: 281-329 (1995)

. Kang MH, Min KS, Ryu SN, Bang JK, Lee BH. Effects of defat-

ted sesame flour on oxidative stress induced by ethanol-feeding in
rats. J. Korean Soc. Food Sci. Nutr. 25: 907-911 (1999)

.Kang MH, Naito M, Sakai K, Uchida K, Osawa T. Mode of

action of sesame lignans in protecting low-density lipoprotein
against oxidative damage in vitro. Life Sci. 66: 161-71 (2000)

. Lee KY. Antioxidant effects of phenolic compounds isolated from

defatted perilla seed flour. Korean J. Food Sci. Technol. 25: 9-14
(1993)

.Kang HIJ, Kim JS. Physiolosical activity of perilla. Food Ind.

Nutr. 3: 65-72 (1998)

. Ellman GL, Courtney KD, Andres VJ, Featherstone RM. A new

and rapid colorimetric determination of acetylcholinesterase activ-
ity. Biochem. Pharmacol. 7: 88-95 (1961)

. Ohkawa H. Ohishi N, Yagi K. Assay for lipid peroxides in ani-

mal tissues by thiobarbituric acid reaction. Anal. Biochem. 95:
35-41 (1979)

. Aebi H. Catalase. Vol. 2, pp. 673-679. In: Methods of Enzymatic

Analysis. Vergmeyer MU (ed). Academic Press, NY, USA (1974)

. Marklund S, Marklund CT. Involvement of superoxide anion radi-

cal in the auto oxidation of pyrogallol and a convenient assay for
superoxide dismutase. Eur. J. Biochem. 47: 469-473 (1974)

. Lawrence RA, Burk RF. Glutathione peroxidase activity in sele-

nium deficient rat liver. Biochem. Biophys. Res. Comm. 71: 952-
961 (1976)

Lowry OH. Rosebrough, NJ, Farr AL, Randall RJ. Protein mea-
surement with folin phenol reagent. J. Biol. Chem. 193: 265-275
(1993)

.Umezawa M, Ohta A, Tojo H, Yagi H, Hosokawa M, Takeda T.

Dietary o-linolenate/linoleate balance influences learning and
memory in the senescence-accelerated mouse (SAM). Brain Res.
669: 225-233 (1995)

Ahn HS, Kang SA, Lee IH. Effects of vitamin E and vitamin C
supplementation on the decrease in cognitive function induced by
scopolamin. Korean J Nutr. 32: 239-247 (1999)

Suganuma H, Hirano T, Kaburagi S, Hayakawa K, Inakuma T.
Ameliorative effects of dietary carotenoids on memory deficits in
senescence-accelerated mice (SAMPS). Int. Cong. Series 1260:
129-135 (2004)

Coyle JT, Price DL., DeLong MR. Alzheimer’s disease: a disor-
der of cholinergeric innervation. Science 219: 1184-1190 (1983)
Kuhl DE, Koeppe RA, Minoshima S, Snyder SE, Ficaro EP, Fos-
ter NL, Frey KA, Kilbourn MR. /n vivo mapping of cerebral ace-
tylchilinesterase activity in aging and Alzheimer’s disease.
Neurology 52: 691-699 (1999)

Das A, Dikshit M, Nath C. Profile of acetylcholinesterase in
brain areas of male and female rats of adult and old age. Life
Sci. 68: 1545-1555 (2001)

Choi JH, Kim DW, Han YS, Ryu JK, Han SS. Effect of docosa-
hexaenoic acid (DHA) on learning and memory impairment ani-



642

28.

29.

30.

{-«ﬁ{j

mal model SAMP8-Feeding effect of DHA on neurotransmitters
and their metabolites in SAMPS8 brain. Korean J. Gerontol. 6: 25-
30 (1996)

Choi JH, Kim DW, Choi JS, Han YS, Baek YH. Effect of reed
root extract (RRE) on learning and memory impairment animal
model SAMP8 strain-Feeding effects of RRE on nuerotransmit-
ters and their metabolites in SAMPS brain. Korean J. Gerontol. 7:
29-36 (1997)

Yobimoto K, Matsumoto K, Huong N, Kasai R, Yamasaki K,
Watanabe H. Suppressive effects of vietnamese ginseng saponin
and major component majonoside-R2 on psychological stress-
induced enhancement of lipid peroxidation in the mouse. Phama-
col. Biochem. Behavior 66: 661-665 (2000)

Shutenko Z, Henry Y, Pinard E, Seylaz J, Potier P, Berthet F,
Girard P, Sercombe R. Influence of the antioxidant quercetin in
vivo on the level of nitric oxide determined by electron paramag-
netic resonance in rat brain during global ischemia and reperfu-
sion. Biochem. Pharmacol. 57: 199-208 (1999)

31

32.

33.

34.

21231852 A 36 @Al 4 & (2004)

Kurokawa T, Asada S, Nishitani S, Hazeki O. Age-related
changes in manganese superoxide dismutase activity in cerebral
of senescence-accelerated prone and resistant mouse. Neurosci.
Lett. 298: 135-138 (2001)

Alepr G, Girgin FK, Ozgonul M, Mentes G, Ersoz B. MAO
inhibitors and oxidant stress in aging brain tissue. Eur. Neuropsy-
chopharmacol. 9: 247-252 (1999)

Chio JH, Kim DW, Kim KS, Kim CM, Baek YH. Effect of ree
root extract (RRE) on learning and memory impairment animal
model SAMP8-Feeding effects of RRE on oxyzen radicals and
their scavenger enzymes of SAMP8 brain. Korean J. Gerontol. 7:
23-28 (1997)

Kang MH, Naito M, Tsujihara N, Osawa T. Sesamolin inhibits
lipid peroxidation in rat liver and kidney. J. Nutr. 128: 1018-1022
(1998)

(200491 79 19 A< 200449 7Y 2290 A=)



