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ABSTRACT

Background: The aim of this study was to investigate the potential of black rice (Oryza sativa L.)
aleurone layer (BR) extract at improving the memory function of scopolamine-induced memory
impaired mice.

Methods and Results: BR extract (150 and 300 mg/kg), scopolamine (1 mg/kg), and tacrine (10
mg/kg) were administered to C57BL/6 mice. We analyzed the effects of BR extract on the scopol-
amine-induced cholinergic system, inflammatory response, and brain damage. It was observed that
the BR extract offered protection against scopolamine-induced short- and long-term memory loss,
and reduced learning deficits in the behavioral task. It also improved the cholinergic system and
decreased the inflammatory cytokine levels. Furthermore, the BR extract downregulated the sco-
polamine-induced overexpression of amyloid B-peptide and caspase-3 in the hippocampus.
Conclusions: These results suggest that the BR extract may be beneficial as a dietary supplement,
due to its neuroprotective effect against cognitive impairment and cholinergic deficit.
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Impairment
M A At (Ling et al., 2007; Kim et al, 2020).

AD Sl A Ach 7+49} AChE S7h= 83 Hel3
H A A o wE Agese] i 9 oJsh i 20 =2A g dom, AA7EAS] AD XEAlI= AChEE
92 Ht o] A=A =81 Q1o STl wt =21 AAsh= 71 Ze s AREStaL At (Lee er dl,
3 A3Zke] W Eo] TSI 1 T d=stolw A 2016; 2020a). SHAIRF AChE JAAIE A717F T Al 7H5A4
(Alzheimer‘s disease; AD)°] 7H¢ %2 HI&E UetEt  ofu 9 ¥ FEZF YERd 5L (Watkins ef al., 1994;
(Choe et al., 2016; Muhammad et al., 2019). Park et al., 2017; Seo et al, 2018) °F=<l i3 e vkt
ADE AA7159] A3 amlyoid B plaquee] =24, = Al 7] ¢ F2Ago] HAHIITH (Kwon ef al., 2010). o]ol
AAE AbE 2 AERRE 5o W SAE 2te HE9A = AFolx= Xuje] ot B X85 flste] A olA|vE
217 Agtoltt (Park er al., 2019). 3, /4 2Hs 7o FArgo] gle g ofEolvt 2F AAllo] tigh At &

ol olddE3 (acetylcholine; ACh)Z Z ofHEEH W3] A=A o)
2H|2HA] (choline acetyltransferase; ChAT) 714 E olA|E & FTE AN AAFT At fol AMEEHE AFEEW
g o 2H2A| (acetylcholinesterase; AChE) 5719} & o] (scopolamine)S F2=7}&A ACh &2 ZAaA 24
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(Hritcu ef al, 2012) oA AChE®] &4& S7HAA
ChAT &4 XS JAletaL, AChS Hajgtoan 7] 7|9
g 45 freske Zle® oA 3ok (Choi ef al, 2012;
Lee et al, 2021). B3k ~3ZEpe AChE B34S #F=
Bk ofUE} AR|ETRIZ 22 AF il A= 2
Z771A Ak (Igbal er al, 2020). 2FZERe] 719
AAl = FEZWT ofye} oAl 48 A FAME <l
59 Asrt A=Y (Bae er al, 2014), IFX|u] 2 714E
M &% A% 5o Aol F2 AREEHT Yt

0] (Oryza sativa Ly= 349 §A0|24 B4 Ql=
oo} o] 255 £, HEl 2 Aol dRE FH-sA
Sl glom, 7m) eEzks, EEuE, EefReols, <t
BEAloId T Ost 71ed RS sk o] She o
gk Ag)EAdo] HIFEAT (Kong er al, 2008; RDA,
2011). Svl= T2 AR S4em)of Hlsle] gAkste | gkl
g o] e (Seo er al, 2008), LA2]o] HFH 2
At HIYE mR-2ofla] AHRake] AbslE 2Esle] 7F A9
Ad =48 aHFoz JAse asol ¥R v 3l
(Jang et al., 2012).

FEAOPAS FHH g S]] SRSl cyanidin
3-O-glucoside (C3G) ¥ penidin 3-O-glucoside (P3G)7} &F
frElo] gleo] g ul 3 (Apridamayanti er al., 2017),
C3Ge= A ETE gslsi HoA ASIEEYEE Zo 4l
ZAMAE =30l tigh ksl ZHgo ' HY ¥ Ak, Y3l
o Xuf B g1 X o] AsteA o] gt tkal B
2E YT Min et al, 2011; Zhang et al, 2019). 53],
C3Ge= AA71E Aozt e ARlolAAN 718S /|Als)
=d =%o] "It AT (Joo e al., 2019).
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o2 dr FEEAN JA=gGr|ior FUsEeH, =47
(Samwoo Co., Ltd., Daegu, Korea)Z 7] dun|Z 10 =0

IR AArslaL En) ZERA|EE (8%)S EolEit)

W F0 S22l 10 ¥ie] 50% WE TS F7et
40CollA] 48 A7k F9F FE313L 7195=7] (Tokyo Rikakikai
Co., Ltd, Tokyo, Japan)E AF&3ste] &5 %, 24X
(IlshinBio-Base, Dongducheon, Korea)dlo] &3 ez B
Aol ARgslsltt. $71 3 (RDABRAOI)E =H 57}
A TAEAL T 2AsIAT

specific-pathogen free (SPF) el 12 %
7 C57BL/6 mF-2= 30 mle]E GAIERE BIO KOREA
(Osan, Korea)ollx FYate] ARgstitt. A8 5= AR 7]
7F & duk IPAESE B8 A AT, 2% 23+
1T 50 £10%, 12 A17F ©91e] W71 (light-dark
cycle) #7304 ARSEATE WL A o] JelE ZUE
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7 1 3] Z4sislth
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3. 2IXIs A5} OFRs 22 U AR S0f
T2 2FZFY (scopolamine, Sigma-Aldrich Co.,
St. Louis, MO, USA)S.2 A5 A3e =3 & A3}
ATH.

AT Bt AFsFol n-2E TS SAg
FH  (randomized complete block design)oll wel A4
(control), 2~FZ&¥] | (negative control; NC), 2~
2Rl 2] & & JFHAT (positive control; PC) H ~F1F
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ok el

gel A2 & Z0 IRS FEES 150, 300 mgkg BW
(body weight) ¥=Z HF e Foit (BR150, BR300)C.=

3o %]

Lhro] AES AT (n = 6).

WAeY Aske fr=shr] flsto] 23EeRle 1 mgkg
BW F5= % 73 4% 30 & 2o 27 Fsigion,
23Ze #2E A 282 controkt Tl AR A
g 574 Folsileh. FeAFT o= AR tacrine (Sigma-
Aldrich Co., St. Louis, MO, USA)2 10 mgkg BW T==2
Folailom, AlREZS ¥ 8 T AP FEAA FA=Uh

4. YD|I2 &8 (Y-maze test)
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5. £% 0|2 &% (Water maze test)

Aol ARE e ZAREE 29Fe] 420 mm x 290 mm %
200 mn F7]o]H, Alge] AMSH B9 2E& 22 + 2CE
A E 2tk 4 AJZ Ao ZHE 420 mm A -] 50 mm x 50
mm x 50 mm Z7]¢] =3I (escape platform)& HX|3}AL, T
o A obef 10 m7kA] =5 A9 B A

FFEo] 60 2 B¢ AR 2 ¢IN FFsE=
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6. Q%QI-'-I AlS! (Passive aviodance test)
L 33 v B4
2 H{AE 7198Ee ksl
5‘}14—011—4- (Kang et al., 2013).
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Ae g AMEZ F5F 8NS 50 4, reaction mix £
50 A BFsE 5 B7F vreAF T Hkgo)

T O

N

. & ACh g2t AChE
29 7100) BaH 0

oo
ol
2

o \ﬂ
10 Nl

=

Ry
AT

A2ellA 30

A=)
R
KR

=
1z

=3

330

- MES|- Bige - 01ME
% plate= microplate reader (Molecular Devices, San Jose,

CA, USAYE Abaated 570 ol 352 =43t}
ACh®] F%E colorimetric kit®] %% &dolx A& 3
Ao e ALk

a4 &4 A3 &I+ acetycholinesterase assay kit
(Abcam, London, England)E AMg-3sle] #4315 96-well
plate®] AChE reaction mixtureE 50 (RS E53 Tl
AChE %5 843 vhe- E3E 247 50 ¥ Bl 742
A 30 B7F RESATH T RESo] &% plate= microplate

reader (Molecular Devices, San Jose, CA, USA)Z 410 nm

oM FFEE A3t ALkt

Z} AChE TX+ colorimetric kit®] Fs £folx Al=d
o2 HE ALkt
8. &8 AMOIEZIRIe| ot 54

Sr] 3RS FEEC] 85 AAHES oA Azd uA=
FFe Hrtetr] flste] AelE7H] S ELISA kit

(Abcam, London, England)2 A3} t}.

Zy A7 F2E o] = 96-well plateol] T3 50 b3} AL
O|E7}?] antibody cocktail 50 1S Wi 1 A7+ B9 A&
HjFet & wash buffers ©]&3ted 3 3] AFsiqich 2 §

7} wellell 100 1©] TMB soultion& F3L 10 ¥7} #8217
oF Ao 2 7 wellell 100 /2£2] stop solutions go] W

[e)Ke)
o=

Jose, CA, USAYS
ATk

7} AplE7IIS] FEE ELISA kit EgE e
HofA] 2kEE FA o2 RE Alsle] AMgsIAT

25

ZAIAIZ] 2L microplate reader (Molecular Devices, San
o] &3le] 450 nm oA FTFEE =A35}

=]
AN

&
9. WY A UM (Immunofluorescence staining)

COE AHESt v gl mho-2o] tedl S weh 299}
4% paraformaldehyde® #F3lal, HE HES o 4%
paraformaldehyde &oll- 4T ZAS=E 12 A|7F A A
oh 248 &dsha 43g FEEE 2AAE AL AA
g8 st g8 vl 242 xyleneELi Frslst
% paraffin®® 22 E A=t 222 AAS AL
stod vl SHHAL, 10 ime] FAR EEfo ]" slo] 22 St
ol=g AFsLE. EElol=e 60T xR QEA 1 A7
Bt WAEle] S BE Folu, gl 8-S 9
3 3 1 xPBS buffer2 A|ZSFAT). 1 x citrate buffer®} TE
buffers ARE-3led antigen retrievald 100ColA 35 £7F 21
3 F, blocking dte] W1 kst gael tigk whE-S
233 phosphate buffered saline (PBS)22 A& 3193 Th,

B 2%o| = AB (amyloid B-peptide, ab201060, 1 : 50,
Abcam, London, England), Cas3 (caspase 3, 43-7800, 1 :50,
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Invitrogen, Waltham, MA, USA) % ChAT (choline acetyl-
transferase, ab178850, 1:1000, Abcam, London, England}2
12 AR ARGaIoH, 4Cox 20 AlIZE Bt Wk §
PBSZ 3 3] A&t} o] & 22 FAZ A3 goat anti-
rabbit H&L (ab150077, 1:2000, Abcam, London, England)
2 goat anti-mouse H&L (ab150116, 1:2000, Abcam,
London, Englandy “g2ox 2 A7 ¥+ & PBSE 3 3
Al 53Tk

4’ 6-diamidino-2-phenylindole (DAPI, ab104139, Abcam,
London, England)E fluoroshield mounting &<l 3]4]3gk
T, Egfol=of 5 B7F Sl cover glass® B3 dHv)A
(TCS SP8 confocal laser dcanning microscope, Leica Micro-
systems, Wetzlar, Germany)o. 2 &glol= FEtAE A3
9 2™ immune software (Leica Microsystems, Wetzlar,

Germany)E AH&-3lo1 24 3l3{t}.

0. S 24
RE dolHe Hd + F 23 (means £ S.E)EA e}
W21 e ™ Statistical Package for the Social Sciences (SPSS
ver. 24, IBM Corp, Armonk, NY, USA)E o]&3}] One-
AN &

o]/ﬂ al x%%

way ANOVA (one-way analysis of variance)&
5% <oA1 Duncan’s Multiple Range Test
2178190t (DMRT, p < 0.05).

T

[2} 20| OlR|= 945k
W F 3 7HRIE oY A
U] Wz 7P 7]
Exo g HrixElojX| L T} (Kwon et al, 2010).
2Z O Z ACh?} muscarinic receptor?] ZAS HA|
slod 71998S EAIZ NCRolM = HHEHo 2 g oo
Eol7ks oF 49| Slgvt Wol s A EA E
o} (Fig. 1). 1 Z} AoM = NCES A &gk dAwolM

»
ol
i
.|
"

AR E FES Bl g5 ol o)A zpolzt fiiTh
27} AR ellA BR300:L°11*1L F B4 3] et 7 F
2o £AHH o R Bofrl= 7t B9 1.09] HATE g5t
AL PC (1 3) Tl 2 E2 HFE 7153
ubA, S0 3RF FEEO Fou AATe] At A
gollA 37+ A7F 58S EATL, 719Y S B

i TR AP 30 A
=

fr
of

Li
P
Z
q%
o]
&
[\)
=
(V8]
i)
i)
(it
o}
N °
2
>
),
[}
i
i
o)

331

FE=°| oX53 JiM

a a a a
. i ab
b
0.5 b : i
0.0 ﬁ _ i
1st 2nd

Number of measurent (2 weeks)

Y-maze (Score)
>

[ Control M NC [ PC mEm BR150 HEE BR300

Fig. 1. Effects of black rice aleurone layer (BR) extracts on Y-
maze performance of mice with scopolamine-induced
memory impairment. The data was analyzed by Duncan'’s
Multiple Range Test (DMRT) after One-way ANOVA
using SPSS sofgtware and each bar presents the means +
S.E. (n = 6). "Means values with different letters are
considered statistically significant at p < 0.05.

© 60+
73
& a
£
S 401 ab ab ab
b a
% ab : _T_
- b ab ! b
5 20{ 5 b ; T
o T
Q.
©
?
w 0 T T
1st 2nd
Number of measurent (2 weeks)
[ Control mE NC [ PC E= BR150 HE BR300

Fig. 2. Effects of black rice aleurone layer (BR) extracts on
water maze task performance of mice with scopola-
mine-induced memory impairment. The data was
analyzed by Duncan’s Multiple Range Test (DMRT) after
One-way ANOVA using SPSS software and each bar
presents the means = S.E. (n = 6). "Mean values with
different letters are considered statistically significant at p
< 0.05.

Aok sk REH S Aol At EA] =t E QA
sted 2 S-S Hojuertell st HrtskAl €rk (Hriteu
et al., 2012; Aydin et al., 2016).

2 Aol Eo7] 9 AT FTES AFRC] oA 79
s EytE SAGES siglon, & Ao e AxEe
Hl Fo & AYES XYsATt (Fig. 2). PCEol 27t 138
Z, 167 22 7 WE &3 AZRS HPI NCT2 270
Z, 432 22 2 He] Ag Aol 7Pt =2 =3 AR

nojom, xzEeNle] ogh 71oj¥e] Ayt ER1= )
BRI50zlM = 1 2} A3olA 167 22 PCY tHeo2 71

WE T3] AI7RS B3, 2 2} AFA controlt (25.0 X)9F



2R - ol - mEE|

H|S23k 272 %9 EEAI7RS B9 o BR300 2 3] A
(16.7 %, 272 %) 25 control=3} 418 733-S Bt}
T R 24 A3, 2IFEOR fd 7Y SAH=
NCAXME =ddld] mdsis Azl Z7kslsou, Sn] &
B FEE FO=E sl 4% 7199] 3ES aRIF

L
pu

3. 30| &5 FE20| =44 D Y 2| J|Y 3=
OlX|= Ak

T538u A2 7Y Sl Jde HEAY o9&t I
7] 7198 Hrio olgEtial €A Jon, AxA <} suf
dre= T $9 71y FAol| Todst} (Gacar ef al, 2011;

Lee ef al., 2020b). Wetx F53]9 AP 2EHE AFS
53l St 71918 Hrkehedl ARED ) sy A
AFEH Wl F 7K FYoR U=, o TRl
ARAAR Aok A7) A= FUS o &
RO 2 olFshe AXA Az g oAES
7V} (Gacar et al., 2011).
A, Rt A FERe] HoA=E 7]l wEA
3O R o] F3h= AlTkE S, @] 719 &3
38 g2 Hreldth (Fig 3A). 1 2k Adoe 7+
e Fro 2 o]Fdhs AlZkl| tigh foldl Zjol
Kok, 2 2k AFIAME NCo] 9.6 22 Uda F7k
o] AFAIZr0] F7rehe RS AT BRIS0ZS] AFAI7E
L 26 22, controk?] 3.4 Z9} FAE S YERISIL
™, BR300 (5.8 )& PC (4.6 )9t B3 AFAS
ol &3k 3 2} Aol JA] BRISOTES 1.6 22
controk-9] 2.4 %9} fARH AFAIZRE BRI 4= AT
o] H o)A = BUAIRE, A FZk HFEZE= A7kl BRISOT
oA BR300-HETF & HeS Hol & ¢ Uke 5o 4
ToAe] vl Algde] Hagh ZoR Helth

15 FE2E A7) 719 & 35 5294E 245
7] $18te] ¥ FAoxe] HFEEAIZE (step-through latency
time)S =431 t}h (Fig. 3B). A&5E0] &4 7oA ghe
SO R ofFet F, uhE FAoA ] MEEAIIRS 45
S W controk™ Z}7} 60.0, 58.7 E 56.5 %o HWTEA7F
S HAFAOY, NCHAAME 522, 547 2 522 %=
controkol| H|3t] A HESAIRS Ho] A5EZIoF
A 7] 719 o] F=EE RIS BRISOTAM =
3 Ho] AHFA BT 60 2o HEFAIZRE HoFon,

BR300ZAAE 592, 598 2 60.0 22 A7] 719 3|Eo

ne
=1

5] 3
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A A e BN T
oeld AR 2 v, In] 5RF F2BE 719 A3}
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48 - 0[N3
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Z
o
(3,
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time (sec)
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Number of measurent (3 weeks)

3 Control EE NC 3 PC E= BR150 HE BR300

1st 3rd

(B) 65-
'gso- v o y *ou
— .
X3 ——
=]
09
= £
5 = 554 -
a > —
o Q
35,0 T
E 501
10+
0 T T T
1st 2nd 3rd
Number of measurent (3 weeks)
e Controo m NC a PC v BR150 < BR300

Fig. 3. Effects of black rice aleurone layer (BR) extracts on
passive aviodance time (A) and step-through latency
time (B) of mice with scopolamine-induced memory
impairment. (A) The data was analyzed by Duncan’s
Multiple Range Test (DMRT) after One-way ANOVA
using SPSS software and each bar presents the means =
S.E. (n = 6). ‘Mean values with different letters are
considered statistically significant at p < 0.05. (B) The
data was average step-through latency time for each
group. All values are expressed as the mean (n = 6).

4. 80| 22F FE=0| €3 ACh 2 ! AChe &d

A0l OIxl= Aot

e FUg AR 2= AT
= 3L AD $21e] JIA7TE
FARpANM o] Y A

g
=

L

gt

AGEd zdo] 23
yE FPo #Ast] AD
U4 A3} ACh 747} By
At} (Lee er al, 2016). AChe] 72 AChE 34 Z719h
A=, AChS ZU3} oMY CoA (acetyl CoA)Z H-3l5}
of FA4 7% FAE sl =il X715 Hofell A
< UAA "ok (Kim et al, 2020).

AChS Q3 AAAGEDZA F32044 FU4 Al2H
I FAZE Aa, 94 AAA1e] B3 271 ADY] F8 9
olo2 4#A Ut} (Shon and Kim, 2017). AChe| e
NCZollA 248 + 0.09 nmolZ YE} controle-2] 4.02 +
0.07 nmolol] ®]3le] ZHASIH T (Fig. 4A), ol I EZ2P9]
Foi7b AChe] $HFS 1HaAE BT 14
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2=

_ro]oo

AMAhE =




ofz2q AAb

I B B ]

71

H AChe EZ F2E 59 <8l BRISO
o] 327 + 0.15 nmol, BR300°] 323 + 0.11 nmol=
e} fo]2Q1 3lEo] HE Ut

AChE 842 NC (1348 + 27 pUmd)ol A control*
(925 + 16 pU/mbyl] vlsted Foj8 o= EA vepstth 29
U, PC (1010 + 24 pU/mbyellx] AChES] E4d0] A=
3L, BRISO: (917 + 53 pUmd)3F BR300 (993 + 67
pU/ml)oll A= PCE 2 controk -FrAFSH AChES] B4 9
A& BT} (Fig. 4B).

AFNE TH E o], 1 S8 FEES 5
A= AN 150 mgkg BW o] o4
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r->
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5. 80| &2& FE=0| €3 Cytokinedll O[Xl= At
23EEI o) Hof| &2 dsle 22 sk Al
W A7 MEA FEEHgo] dofut, tumor necrosis factor
(A)
5+
: b
. h—
= 4 T b b
o
£ 31 c
£
£ 2
(6]
<
14
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Fig. 4. Effects of black rice aleurone layer (BR) extracts on

cholinergic nervous system activity in the serum of
mice with scopolamine-induced memory impairment.
(A) ACh concentration and (B) AChE activity. The data
was analyzed by Duncan’s Multiple Range Test (DMRT)
after One-way ANOVA using SPSS software and each bar
presents the means = S.E. (n = 6). "Mean values with
different letters are considered statistically significant at p
< 0.05.
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Fig. 5. Effects of black rice aleurone layer extracts on serum

inflammatory cytokines TNF-a (A), IL-1 (B) and IL-6
(O) levels of mice with scopolamine-induced memory
impairment. The data was analyzed by Duncan’s Multi-
ple Range Test (DMRT) after One-way ANOVA using
SPSS software and each bar presents the means = S.E. (n
= 6). "Mean values with different letters are considered
statistically significant at p < 0.05.
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