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Bioactive compounds in food for age-associated cognitive decline:
A systematic review

Eun Young Kang', Fengjiao Cui', Hyun Kyung Kim', and Gwang-woong Go"*

'Department of Food and Nutrition, Hanyang University

Abstract The rapid aging of society has led to a surge in cognitive dysfunction in the elderly. As there is limited
evidence for the development of dementia in medicine, a shift in focus on prevention strategies using bioactive compounds
in food is required. This systematic review evaluated the effects of various bioactive compounds on age-associated
cognitive decline. The literature was searched for terms related to bioactive compounds in cognitive decline and article
selection was limited to clinical randomized controlled trials for a single bioactive compound. We identified 21 studies that
evaluated the strength of the evidence. ®-3 fatty acids and vitamin B presented a strong evidence level, whereas vitamin
D and E, anserine/carnosine, and chromium were defined as having moderate levels of evidence. ©-3 fatty acids relieved
cognitive decline and reduced amyloid B-related protein accumulation. Vitamin B decreased homocysteine levels, which is
accompanied by alleviation of cognitive function. In conclusion, ®-3 and vitamin B have the potential to improve age-

associated cognitive decline.
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SEvEls 20000 IEATHEO] T%E H
Yt 7, 20208 15.7%E5 7153 OECD =7t 5 7
Hol3 Uti(Statistics Korea, 2020). ©]<} 7=
AP woly tAES, AFAAAR, kel FAG F7h
skml, 2050 -2t AE 82 270887 St
HgEth(Lee?t Seong, 2018). Xvl= 32} A=, E4,
o w5y &2 F UujE A 4 opla,
A= Qg ALSAAA B2 oF 11729030
™, 2050del= oF 433% A7 UM A oR o SErh(Leedt
Seong, 2018).

Aol o] =3 AAME A 2 =9dksenile plaque)S]
2doR Y7ol Wl ST 7o ko
of, BEAN 5 I FHE AR/ 5RNE Pl FET
O]L(WHO, 2021). AWjE Yo7 Fadelos #4, 94,
3} Fo] ¥HA Utk HEAQ] 124 AJS 2= apolipoprotein
E (APOE) &4, sortilin-related receptor 1 (SORLI1), clusterin,
phosphatidylinositol-binding clathrin assembly protein, complement
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(polymorphism)e] €& 4 AtH(Mucke, 2009; Rogaeva &, 2007;

Harold 5, 2009; Lambert %, 2009). XwjE L=slo|m
(Alzheimer’s), x| & (stroke), |74 (cerebral infarction), >4~
(hydro-cephalus)ell 98t A1 &4, M3} vloj A 74, A
A 3ol oA LT 5 9l A4,

=

o}, e, WE B, ¥ D
2ok 2= AR o

TEE o5, &% T e A 89l dEME &
A" 4= lth(Petersen, 2011; Killin &, 2016).

Zufj F|KFE R opAdZ ol 2E|2}o A (acetylcholine esterase)
A3 A9 =52 (donepezil), Z-THEFT] (galantamine), 2]HFAE] L
W (rivastigmine)®} N-1| € -p-0}223}8)] ©] E (N-methyl-D-aspartate) =
£A 2AQ) w9l (memantine) $©] W= 2] ZHE 52l
wrol QoA ARS-ESL ok, X g F &0 Wi "HF, A7
=, TEZS, 154 5 28] Az dsks AR B
EATHNIH, 2018). ©]¢} TlEo] HIZH|RZo|=AIE FAFA], ol
2EZA F2E J/A, 2ElE(statin) 5] X fXFER A
QEIR O o7 A= AEd =R ZIFthAlL 5,
2019; Henderson, 2014; Schultz 5, 2018). ©|x¥ Xuj& A<
HF3|eRe 4X7F E7Fss drolr] Wi, w=3ke] S
A AAZ)AL X & ok Zlo] WA Aot}

ZAE=AA el (Mild cognitive impairment)= vl 2} o]
H7H9 A QIA715 407 dojuA s GUAT, sl o
98 g X7T TEIF A 728 Eold AHE

1

fu

5 % TS

(NTH, 2017). A=AXgoNe ddAdo] 7Fesitte Folx A
ve} et o)zt k. AT 71l S et HrEeIxF
o= o] e IRl (Artero 5, 2003), =LA

gl

o 3z} 50% o)’de] 5 ool d=slolwAd Xjwljep 2 4l
ZAWA Agto = Aol th(Gauthier 5, 2006). Wk, AESIA]
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ol Aol A 715AEE dWatAY estrl7]= HWRte] H
7F9AR1 AR HolE dwehes A wWolth

AAZHA] Bad 34z QA B Xuf Al =%
o] Hle EHEE YEW E o3 AW, x2gEdAd
(phosphatidylserine), 2}°]=#(lycopene), =T} =°]=(flavonoid),
232 FEE(ginkgo) T°] EHA  Urh(Cederholm, 2017;
DeKosky &, 2008; Feart -5, 2016; Macready 5, 2009; Petersen
5, 2005; Sano %, 1997; Scholey %, 2013). X%+ 7|8 An}
o =2 A7t delsiAv kA EAVF AVlEE 5 2
A AR TEskA] Xt o, H2 Mk AHE A=
& 7T s B2 A AFEe] HAEI vk wEbA
2 AFolME ARGl A B X5 Efo] He 7sd4A
Al sk AAE TR AHE YA
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ATFEAre FA F7, vl TA, SA AHAE Edske
A& F(PICO; participants, intervention, comparison, outcome)=
ARt ARt AR B A S vk AbhS
oz SN TRl dd=dS ATE I YAN =
Faisitt AFEAE AP xS Haste FR T
A (randomized controlled trial, RCT)E 7|22 3l5th. A=

A7 sdd FES HUHE 2ds BF eIt

254N o Me
FAHA dolEwlo]~E PubMed, EMBASE, Cochrane,

PsycINFOE ©o|8-3}5 2, #3742 20200 102 06l AA|s}
ek AAlolE Ao RTE =35 AV H-d AM
o] cognitive dysfunction, dementia [MeSH Terms], 2]o] A
#H Ao} functional food [MeSH Terms], dietary supplements
[MeSH Terms], plants [MeSH Terms], medicinal, diet [MeSH
Terms], healthy 5 AME-allom™ F9olojE X3stEsE AA st
At

2 Ao e EAMATE olf AAA & 3
29| AL 747 YA ow Fgsilon A7Apte] 9
o] YRIskA] & A5 Al 37| S ke
Ark. AAA FAaze] EAuiA] 7122 1) 48
735, 2) FoA=HEol FEEI/YG F 7 2
= 7, 3) Aol e AR AR dEivt obd A, 4)
ol gAY AEATE e e A, 5 A
g F e AR AR 34Y A A AlE AE
ot 15837719 =S A, F 34749 =S 1
Abatgiet. o] 7kt 25 7|Eo® 238719 EHE #
I F10979] ERle] 22 A ek 33k EEAEA =
g I F BE A TIedd A 27719 £3S AdAs)
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Atk £ FEA A} viAl= Endnote X9 (Clarivate Analytics,
Philadelphia, PA, USA)$} Microsoft Excel (Microsoft, Redmond,
WA, USA)s ARSIt ARe F52 d=r7o8d+d
(National ~ Evidence-based  healthcare  Collaborating ~ Agency,
NECA) AZ& &3t gt

H|E2 918 WIKRisk of bias)

AAE 2779 F3e& FAH(Cochrane)] HIEY $F Hrt
=721 Cochrane risk-of-bias 2.0 ©]&3}it}. H7) =2 Fzk

214 #H7d (randomization process), FANoIA] o] e (deviation from
intended interventions), S A4 ¥ 252 A Z(missing outcome
data), SAZA3 =7 (measurement of the outcome), H.ILH AT
A3} el (selection of the reported result) 5 57FA]o|t}. 918 o
7V A3 ‘YL (low risk), ‘YF $-2i(some concerns)y, ‘=&
(high risky 22 HRFEUOH, ‘=02 EFE 6HS A
20N E3lo] FHF ME=EU.

27 47 Wi

EY 919 W7k olF HE AU o) BE Al 27

A1Z] == GRADE pro GDT (McMaster University and Evidence

Prime Inc., Hamilton, ON, Canada)Z H7}slt} vl%Ed 99,

HA3, BIAREA, HIAEAY 2 & HEY A 9l o

oA FEol W A stk vl &3tke] A7
&

- AEEEAC SAAT digk AAHA 2A T2
7t 55E ‘=2(high), ‘¥ 5 (moderate)’, “Sr-(low)’, TS
(very lowy 4GAZ EF3IAH.
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=8o| AM 3 MF Hut
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HATHFig 1). F=AAM A3}, PubMed 13,9427, EMBASE

3,25371, Cochrane 1,69671, PsycINFO 296710] ZAl & jom,
EndnoteZ F5 A7
AEZ 257, A& AEE B3 X715 M= #H0] gle &
1576071, S5 A7 1617, H3E(mixture)e] 71573 2l
AV T 71A] ool FAZIMS WaAd &EEAl(multimodal
intervention) G 1367, AA7|5H el HehS w1 ¢k 7R}
E O E g AT 477, AFFAL ofd ZEFAF B A
WAL 5] ARZ Tt AF 167, AA 9 Aoy FE
A T 71T 67, FAYNREATIE obd A% 671, A
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- PubMed EMBASE Cochrane PsycINFO
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Records after duplicates removed Duplicates removed
(n=16,184) (n=3,003)
o
£
5 Records excluded based on
o the title review
b (n=15,837)
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- the abstract review
p— (n=238)
Full-text articles assessed for
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2 (n=109)
2
= Full-text articles excluded,
w with reasons (n=82)
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N compound (n=35), medicine
S (n=3)
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synthesis
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—

Fig. 1. Strategy and a flow diagram for database search of the systematic review of bioactive compounds in food for cognitive decline.

FE4E B

:1.7.|A==E.17|.

2ASEYIE MY BRS BUEE FRD £ AP
(Table 1). -3 A2k} HIEF Bite] &
A7) Al A= FFFol A aaet v Ao
AFE EeoRE BT 2 9] v Dok E, HAd/At
2xl, Ao ZAFES 4 240 AV A Y
o] "E‘Xﬂ et 2 Aolgke 2 7 B o WA

AERI delgdaxiel elX7ls g1t i
v o] e 2178 o3 A vIER] B, HIER]
D¢t E, 2 §te] BFE Uy, 7 =59 SR A, QA7)

5 Mol &3 Qo th(Table 2).
w-3 X[t

3 X
ojFo FH3 o3 AW DHA (docosahexaenoic acid)<}

EPA (eicosapentaenoic acidy= =] faA ANZALS 2H3}
= ME XY Fad 4 Adwelw, AW Fdel wwst
of 2oj2 HHdoksks A W4te|thDyall# Michael-Titus,
2008). 6719 7+ DHAS EPAS AHF e AERIA7157o) o=t
oF fJoktS vwg A, o3 X]‘jc}’&—c 71241 AR A G
(Basic Cognitive Aptitude Tests, BCAT)2] 3}¢&H521 X7k &%
(perceptual speed)’, “T7FHA F &4 (imagery efficiency)’, “2H
71998 (working memory) 22 IJAIHTHBo 5, 2017). DHA
¢} EPAE 12714 <t AFS 735‘1]7‘]71 S WIS =
A} 2]-9-71(digit span)’, ‘A1Z+3 AP AdSH(visual reproduction)’, Tk
o719 58 H7}(Rey Auditory Verbal Learning Test, RAVLT)’,
‘A 34 (delayed recallyo] FFEAoH FFHH o 7)o
(memory)°] 7NAEATHLee 5, 2013). T3, -3 A SATE
S Sk Hages W 719y g F7F A EH(spatial
orientationy ¥+ o] e &5 siwt FIloh A i
7t fFeHoz Z718% YH(Zhang 5, 2017; Dickerson
2001). 2'd &t AE=AA Gl thdAtel7l DHA 2 )= i

w I 4o
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w-3 fatty acids

Bo, 2017 + ? + + + @ + Low risk

Lee, 2013 ? ? + + i @ ? Some concerns
Zhang, 2017 + ? + + + @ ‘ High risk
Zhang, 2018 + * + + + @

Quinn, 2010 + @0 0 O

Freund-Levi, 2006 & ? . & + . D1 Randomisation process
Freund-Levi, 2008 + ? + + + @ D2 Deviations from the intended interventions
Eriksdotter, 2015 T ? - ] i i @ D3 Missing outcome data
Vedin, 2012 ok ? < e e @ D4  Measurement of the outcome
Freund-Levi, 2014 + ? o+ * + @ D5 Selection of the reported result
Karimi, 2017 D @ @ + + O

Hashimoto, 2017 D @ @ + + O

Vitamin B

van Uffelen, 2008 D :» @ + + O

Smith, 2010 + (v (s + + ©)

de Jager, 2012 + ? + + + @

Jernerén, 2015 + + + + + @

Ma, 2019a + ? + + + @

Ma, 2019b + D @ + + @

Oulhaj, 2016 + @ + [ )

Aisen, 2008 + + + + + @

Vitamin D

Jia, 2019 D » @ + + @

Vitamin E

Dysken, 2014 D & @ + + O

Anserine/carnosine

Masuoka, 2019 + ? + ‘s + @

Betaine

Sun, 2017 : @ + @ O

Caffine

Haller, 2014 ® : 0 - + O

Chromium

Krikorian, 2010 D @ € + + ™

Physostigmine

Thal, 1999 : @ ¢ + O

Fig. 2. Risk of bias assessment in the systematic review of bioactive compounds in food for cognitive decline.

FHAIZ A5 E3 DHA A3 tdREe] AA A5A T, o mRNAE 7HAZtH(Zhang &, 2018).
d AsATet HRER] YA, fﬂ'ﬂ‘?J I A7 8L ZHo)H AR AN Mini-Mental State Examination, MMSE)= %
2 e, Au A& 27}"]7] g% amyloid-B (AP)- AgE B AR AL eI, A, FoE, 719, Ao

429} ofdZol= kel F (amyloid precursor protein, APP) TE, 745y, Iyl disl F 195 IR o|FojAUTt H
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Table 1. The certainty of the evidence of bioactive compounds in food for cognitive decline

Certainty assessment

Outcomes i
No. Risk of bias  Inconsistency Indirectness  Imprecision Others The certainty of
the evidence
-3 fatty acids 10 serious not serious not serious not serious strong association GBH?(?HGB
Vitamin B 7 serious not serious not serious not serious strong association GBH?(?HGB
L . . . . SO0
Vitamin D 1 SErious not serious not serious not serious none MODERATE
N . . . . SO0
Vitamin E 1 serious not serious not serious not serious none MODERATE
Anserine/ . . . . S@)
carmosine 1 serious not serious not serious not serious none MODERATE
. . . . . SO0
Chromium 1 not serious not serious serious not serious none MODERATE
5% AW} 12197 DHASH EPAS A1AT A3 A o=@ ATl AX/1sHzke] §o142) Aol vkl ¢

7474 218 &7 Ak(Neuropsychiatric ~ Inventory, ~ NPD)¢] 3z}
(hallucinations)3} A= (irritation)el| A 21421 20| & Yehdovt
Q1A 7)%5S ZFol7} I THFreund-Levi, 2008). A ES1A o) 9} 7
EAQ AFS dIde R g AFoA o3 A dFHE 7
O|FARRHAL Mt =& AR JIAVIS A SEE AA
AZIL, EF DHASE dzstolvy A9 H7H = (Alzheimer
Disease Assessment Scale-cognitive subscale, ADAS-Cog), ‘%+o]
3 (word recall task)y-> Feo| JHIAE YeERTE E3 dF
EPAS} K| ©o] 3] (delayed word recally’®] 21291 ko] A+
HHAE JEPAhEriksdotter &, 2015). A5-552 AMEAE
oo ® 6197 DHASH EPAS 43417 A7ellr] d=sto|w
W AR FY HrH e} Zro| A L] folFQl A HE )
= AN, APOE 49 91#/d0] %2 DNA HEsSE Fo4
o7 Z2AZAHKarimi 5, 2017). T3 o]5 F 1649 RNAZS
A% A3, MaEistel FAte)] #elst= RHOB (ras homolog
gene family member B), AlZEle]|= AZHZ i<l
10399491, 324 AW} Aol = ZNF24 (zinc finger protein
24), NXEF71E ZZ3= ANAPCS (anaphase promoting complex
subunit 5yFALe] F FAE AP ow, AFE2dy #Hol
2= CD63 (cluster of differentiation 63)2 FojZ o2 Z713ith
(Vedin 5, 2012). ©]8g A= 3555 XW3AA o3 A
WA AdFH I B34 B 9, AEEAS AR AE 9|
StH(Freund-Levi, 2014). X3RS tlido 2 3k Ao4 DHA
9} EPA $o] &2 oSAAAE 12097 AFS A+, shA
7t} X]vll 2| %= (Hasegawa’s Dementia Scale-Revised, HDS-R), 7}9]
ARG AN 2ol 7h gl et 34 K (apathy) & 914 2
Z ZFAAF v (Hashimoto 5, 2017).

2 HE&S T8, 03 XA TRl i ofLolA] 2470
9o] 7|75t 439O, DHA 04822g EPA 203-720 mg
S W e w2 FAE T 1,318 A F 4378 &
o970 &35 RIS AERIAANE dAE st A
ToA o3 At dFe T, 7198, 3, ddY § A
T2l IA)7)5S MR oH, Xuje] Wzt Aa/do] w2
3 AB42¢F APP mRNAS| FX& A7), & sfinke} 2
A o FHE AoF R FTyMTIE 5 384U dAE A
A 25 Jepliddh 28y ou] Xz} W

yil

ATk ©] o= o] MY 2 A ATE o3 AR <l
7% MAdasds 2usdh g=sto) SERY o3 A%
S o] Foldt Ay mEWH o3 XA dFHe H o3

WAk FEE 0] APl the 9EHke-S THaAIZ tH(Hopperton
5, 2016). TS g=xstolue} -2 HA 417 AZtol|A A3
£ HEZ=go} 7% A7t @3 AWt os] AA=EAT
(Eckert &5, 2013). A¥A+ A5 T, 03 AWA 2ojn
ZAE AEAA7% #HE AES MANAT 2t FZE0)
=2 AndANE 03 AWt 2 QX7 AH a9E
gelslr] ojgdslen, MY o3 X¥W4KHDHA, EPA)Y] QIA7]5
M a3 A= sHZE ASEh webA olE AUl Us
& 5 e FUF A 8% 3o 2 ddE.

> N

X

o

HIEI2I B

HIE B2 Alolx 2Z8shs B tiatapedl ot
gxzdez gibst HlgNl B, EEAIZH < (homocysteine)2
HE] 2 (methionine) &= AZA 7|31 A 8= ZF A (co-enzyme)
g o, Alx 9 mEZ=Fo}l At Fas 9T ¢
TH(Green 5, 2017; Moll$} Davis, 2017). 1€}l B.E pyridoxal-
5°-phosphate FElZ §49] W21z (cofactor) 2HE-S 3l o}m)
2 ARRAGEE AL A 18O 5 2P
(Wilson %, 2019). 44 HlEFT] B, HIEM B, A3= E49
A 71E5H7 e tial] fo]l zpolE “ERNA] oy oA
S e R #A43 23 522 715 oAl A AKDigit Symbol
Substitution Test, DSST)olA AR A &EEE 7] A A # Thvan
Uffelen, 2008). =141 thdztollAl 247027 44kt vlet
9 B, HIER! B& AlFste] 1AV /M a5 H7ksk o
TollA HER] B#o] AHFH+= HEW B4 &84S e &
ZE W 2=F ol (holo-transcobalamin)S F2ld o2 F7FA7]L,
AR5 Astel #AYE T TRAIZHS 58 TAAFA
HSmith 5, 2010). TEAIZEHQ! F= 11.3 pmol/L ©’4 FA)
o7 oS Hwg Ao, HE B FAlTS Tl RAIXIR:
AL, 71987} HVLT (Hopkins Verbal Learning Testy, ‘H &
7 (category fluency)’, ‘X & =7A} CDR (Clinical Dementia
Rating)’, ‘XA = [QCODE (Informant Questionnaire on
Cognitive Decline in the Elderly)’, ‘F3715HAF CLOX

=

o
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(executive clock drawing task)7} &
Jager &, 2012).

BAHE 23 B AFE AFME BAF AR et As
A5, ol RFAIG, 3], 52 9971 HARE ST A
oo, €% TRA2H Y AB42, APP mRNA |7} 24
HATHMa &, 2019a). Al 7FA] FAIH(FAtelu BIER] B R &
ANtAY 58 A AN dE2T st AdolA Al FA
5 TREAZHRIC] s en fakt S AY
HIEN B, ¥ Aled FATAATE e 5, Ao A
SAG, A, =AY AAE AT AAHATMa T,
2019b). A 2 BF 03 AW SR wEt U] HlE
9l BS FAIS &3 B4 dH, 8% o3 Aite] 2855
e BE FAlo] W& H9EZFo] /A= Ak(ermnerén 5,
2015). 28y A=-F% Avidxte] 3s= vEl B HFE ¥
53 LA]iﬂlﬂE AAA7IV JA715%7E el &3 9
ATHAisen 5, 2008).

ol Q%A AEAXF =g e E HER B
FAT JdTFE ol E= 297 e 4
Hlglel B,, 25- 500 pg, 1E‘r“1 B,
2 ZAsAk & 1,180 Ak % 530%'@1*% v«lﬁﬂ
I4E UrEhH ﬂr HlE}“l B+ é

BT fo)Hoz sfAEATHde

T wE

b
s

Anas AEAs) A M B %—Zﬂ—t— 8% suAs

H9lS) S gaAlr AA/lE AR YehiA gt &

2AZHRLe goplntiel @ FH2, 25 32

7 RSFE AP E BRI QA8 27l me gxsol
pZs

HA XS of3iAZ § Aok B EHATHRefsum 5, 2004).
LS 7 FAt HE B AHEE AS 8% IRAIZH
Q12 S7hskoh(Riges o, 1996). wetA] HIE B 85 32
AZHIRIE FAEAIA QA5 M 4 vk st
HIEI2I D & E

HIE] D AAdg=d APl dAddsin 744, A

ANEZERS, /‘]ﬁm‘dix dunt ot ¥ ss 2dske A

B 20| =(seco-steroid) 2= THGarcion 5, 2002). 74, 3L
M E(glial cel)?} 722 Ao vHelY D F8&x7F A5, &
8] /1A 715 WA @91 e FE sjwte] HER D FEA
= g=sloly w9} Aol =THKalueffel Tuohimaa, 2007).
HIEF D 800 IUZ 127097F WY AH3e A7, 5 Ap429)
APP #3& 49 BACEl (B-site amyloid precursor protein
cleaving enzyme 1), BACEl mRNA, APP, APP mRNA, o€ =
ol= AA3} #HAH presenilin 1 mRNAZ| 743G oH, XA
9 AP, AbEBEE7 (arithmetic)’, ‘A 99710, o] 3
(vocabulary)’, ‘E9R7|(block design)y, X}#] @3=7](picture
arrangement)’ 59| Q1A]7]50] frelHoe® AHEUTHa T,
2019). A8) Ao WEW gzstold diidxte] EF 250H)D
SE7F duk 4731 oAt M) @ ZloR BAEGoH,
HE] D AL opUZol=rkamyloid plaque)S &7HAZITiaL
24 UdkBuell 5, 2010; Morello 5, 2018). E=3&loln &
zdd L7k vERR DE Fo$ A, AARZ 0] AAYEHSI
om 2] 71Ee] 7HﬁE]i’iD}(Morello 5, 2018). wabA, HIE
ul D A ek ATt 6}%4140] 1= o}, HEg D
AFHe QA7 3] AR #d ©dS TAaAA QA
7% MAdel &= vk J&‘&%E}.

[ o

HEH E= AlX2E fA °P~Eﬂ a»@ 2 284
ol g AR LA 2
A REHS STt mE %L*“V\Z "33 S7t= ©]
2 s, AAAE &3 AATs AL
(Gugliandolo &, 2017). A%5-5% X" §8 dl’d#AE 447
T3 A4, HERR] E AF el wet dzatolwH A9
He Ha7t felF o S7tEo] dAVs A aFHE Bt
(Dysken 5, 2014). ¥t o}2} o-E 33 E(tocopherol) <-4+ T
2§42 Ho| mke-2Ad oM HER E AFe e AF 7
AsHE AT ] ESkE SAlEAtH(Yokota 5, 2001).
Arsl dgad] v AtsbE Thild WAl Foke Ao A
o] =rhaL EEA UAIRE HEW] EVE WS sk 2|
gotel 27 fivke 99T ST (saac 5, 2008;
Kryscio 5, 2017). upebr] HERl E Al wE JA7)E A
e B9 7t AGH oL ZE 71 X wblshd, Ak
3l 285 53 AT A B Adele 23Ut v
o

SIMIEIZIE =M, ARH

712541 (B-alanyl-L-histidine)2 9} 280 EA)sk= p-geid
3} slzEldle] slefol=z AFE Fejoln, A (B-alanyl-3-
methyl-L-histidine) & 7}2 =210l A Z}ﬁ@gi e sle]o] Ay
B EZolt}. AEQIAGe] ek =018 tide = 1257 uj
A 750 mg SHAI R+ 250 mg TFEEALS *SH*] A AFelA FA
T fokuin] oAl AL AA A X H =G AL
WA= A Masuoka 5, 2019). FHF EHAZ LA = A
7 7F2=21 APOE e4 HHPBE S 7 =159 o +x
WE2 sl adh ATDing 5, 2018). E3 654 o)
HOIES tdo = Y3 AFoA 13F7F 25g2] HAAT=
2A2:D)E AHS A s 72 QA7) T A
9 olel &5A7A A H TH(Szezesniak 5, 2014). wERA,
SHEFEE Al tigh dddTE Ao oy kA=
w=A19] 1A 7]%% Ao FAAde] drkar s

Aed AEHY(Insulin signaling)®] A4 841 AZFo] =3}
o] we} AEA =W, ded Aol Friel JIAIEel A
stEle Ao® Ul JthKrikorian 5, 2010). AZ2F IF2|
O] E(Chromium picolinate) 1,000 ugE 12557+ A A3, ali¢-
+ I (learning trials)ollX 2 2 F(intrusion errors)’7} 5214
o= fAagleon, A4 F ¥H7F v &4d5hE A thKrikorian 7,
2010). Th2 A3PAFol|A 2EMEZEX (streptozotocin) &= 1
=] ]“Z""H gt =] ARE AFHe 719En AsEE
g2, AALS, RIEEEEo}l 715N E /A th(Akhtar %,
2020). IR E #AHF AX7)5 AFE HEYH Ao
27 Fo] =2 Holdlou, AdE Fde A= olE £
A A& g7l A itk ddEh

e

ATFE AA7TE Mo =go] He AA7THAE A
wsl7] Sl AAA FHES AABKATh 20209 102 06
71 EAAMNE 5 16,1844 FHsII L Ag 2 owiA] 7]
o wet F 2779 FHS ATk 2774 F o3 At &
¥ =% 1270, HEH] B 9 =3 HE}Y Do} E &4
=i 2z 17e19eH, kA AFE ] HﬂEﬂL, 7H¢l, A=
E, YasE| gy 3 =Fo) Zt 173_01ME}. 7z 73lo) H|E
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g A9 IS A3 A3 @3 AR FE =5 27, BE
B+ #d =8 17, WHRL, 719, FA2E R FE =§
HIEY o] ‘=502 WriEda, HEY $1ge] st
7VE 679 =RES ALEla 2AFEE 2 AR S A
yIATE @3 A B =12 6-2471¥5< DHA 048-22¢,
EPA 203-720 mg2] £%% 37 = w2 SAS F 1,031
o] PR F 43749 A &35 AT A=A
o 34E ez FAH o3 At =RAE AX71TY
@7, 7199, 34, Aozt JA7s #d upelerA
(AB-42, APP mRNAYE N7+ 5 Awi/iaded 378420 &
5 vepdch 2y X #x1E g oE o o3 AW A
TAME AA7IEE 7 e AHEAE gRlstr] o= sl
HE B #3 =82 6 Tt 24712 59 A4t 400-800 pg, ¥l
EFRl B, 25-500 ug, HIEMI B, 20 mge] &S I e w=
FAB F 1,180 tdA}t F 5308l FolHd g9E &
skt HlER B HHE AW 84 #HE d5 ©
BAIZHR] 58 AAHOH, F o3 At 59 =
2 ABEAE YElle AL ER1E Ak 2 gel| Hjg

R 7]5HH wlo] 2ul#(AB42, APP mRNA, PS1
mRNAYE THAA7]3L Q1A 715 % 7HWAIS-RC, ADAS-cog) 7H41
25 el tHdFE RS AMA=AARE NS
I ARE AFe 7198 FRe] JAVERYE felHez vl
Astdnt. 22y -3 At vER BE Al9d dFE2 A
HE F39] v AGA o, AWM ZHE Ak AT R

2 6/l ©]% DHA 04822 g EPA 203-720 mge] &3S

3 T DHA 9502 FAYS 4% AA7IF M 2395

o1gk 4= llen, HAF 400-800 pg, HIEFY B,, 25-500 ug, ]

B B, 20 mg®] &85 59 Ee ks dEoE eld o]

2 FAL A F SRAZHR B A9 AXFENAS
9\)\

B ATE 9] FEE AR A7H] A0S o} Sy
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