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Effects of Black rice (Oryza sativa L.) Aleurone layer on Cyclophosphamide-
induced Immunosuppression in Mice

Eun Byeol Lee, Ji-Hye Choi, Si Hyun Kim, Hwan Hee Jang, and Sung Hyen Lee™
National Institute of Agricultural Sciences, Rural Development Administration, Wanju-Gun, Jeollabuk-do 55365, Korea

Abstract — Anthocyanins are considered as one of the major functional components including cyanidin-3-glucoside and peo-
nidin-3-glucoside anthocyanins of black rice (Oryza sativa L., BR) aleurone layer (OAL) extract. The immunomodulatory bio-
logical effects of OAL has rarely been evaluated. This study has extensively studied the immunomodulatory effects of BR in
immunosuppressed mice by CPA. The immunostimulatory effects of BR extract in in vivo at 150 (OAL-1) and 300 mg/kg body
weight (OAL-2) for OAL groups were measured and compared to the normal group (CON) ingested with distilled water only
or other groups. After the 14 days of oral administration, immune related organ weights, serum immunoglobulin (Ig) A and
IgG, and cytokines (IL-12, TNF-a) levels, splenocytes proliferation rate, and NK cell activity were evaluated as immune related
biomarkers. The serum IgA and IgG values in the OAL-treated groups increased to the level of the CON. OAL significantly
and effectively controlled the IL-12 and TNF-a levels and NK activity compared to the negative control (NC) group. The results
suggest that BR aleurone layer with immunomodulatory activities has a great potential as a functional food by itself or as a

supplement.

Keywords — Black rice, Aleurone layer, Immune, Cyclophosphamide, NK activity

AAAA = ZMH oS zhe 7, Al 2 ERER
o] Fo|A], A7} A} 9F HAHES A8t A2 F
4L F4 & F J== 283t} gdst 449 @

olo = 9l Mol Fd%o] AstHAY AFHJS 1)
anergy, TAH|3£9] % 3} AlolEFRl 3] W Fo] A
e doA Wy Ao At 2 AFFA S +
kA ok A BA 7] H(WHO)Q] Bare] wh=w )
AGA s dsoly Fol 2 93 WA AL o]
COVID-192 213k Abg 9138 =elvky w sty gich?
#AY, I 2 & 5 oS 7AEe sk @y oy
2 270 glo] W 75 2HLE F23 9IS 3t}
e 2dAlE A, A, REAR [T 5 lon,
HIV/AIDS % ¢ 3xke] WS vh8-8- dA]7]a, #7Fd
AAg Aol Fw=g Wl W oA frdle 5 2

*W A2 ZHE-mail) : Ishin@korea.kr
(Tel): +82—-63-238-3681

170

74FS WAdsk] flal DA ol
Y FAE-S sl
AA 7158 =

o
AF 2 BxA A

ek

ZAs= A

AR AHBEI0] FA 47 RAEE 5
q_ CPAE= DNA gﬁl— & ‘/:/\]-}\]74 ;d/\ 037]‘4
Aoz, AN gt Al

ILAX
s

o 577kgo® Ay
bA 7 o AHRR 8.7 kgl =

o1 =
Z7Fsal

ATHEAIA, 20200 F=F4n



Vol. 52, No. 3, 2021

o
ol Sl met T2 0= o] gH o] oA o
FE o] & HFHFo] S7kslaL e AR Bzt
ALS] 253 wistel] wet sfo] EAmZ | 7]Q1et=
= A3 ST FA AFol tigk AT el St
sl ok, F5ol weh AAME FFshar L e R
FA 7HA7F =& Aol tigh alo] EoRA|aL 2l
Au] e ol Sul= ZREo] AAE dn] FHE A
sl7] wEol] FFA AT =& AR dEA Utk
tlol= Aol HIE, 7712 2 EXSAARS 1]
£3F 712 A Qolle =2 I¥ THdel™ polyphenol,
anthocycanin, y-orizanol 59| 7154 A& o rshaL
AT GFHQ) ZHME 95 Fr)9] cyanidin-3-
glucoside, peonidin-3-glucoside 72 anthocyanin®} 7%
Hsit A F2 A, g3 383500 »dF rEo
uom, Znjo] m7ke Wu|roh Al &3] gk itst
Fado] Erha dea] ek Sn] me) ARl
AEAJOPAL FHNEE Aot A4S 7, HlEs
2 R FH 2 A% Sl {9 Ao
EEH%E‘{_'IS—N)
AgAgolr Fr) a5 AW A, dF A4 2

O
oft rgb ot

it Joh oo o of

=
W A7 e sERe nxe 99" s 3dF
24 T2 59 vt A v 9oy sRE 25
2ol #dE 1Y 71eA A= VS ARt mEtA
& A7oME CPAS FoIdh vhe- Bl $-3 A
Y& Aol v dfE 1 IES FE=S MRSt
of W F3 &3E AUt

MBI — S| (Oryza sativa LY S T50

% 24 ArjioA 48R, =875 o83l 2A

Ao ShEnE 10=R 7k Halsial %

AEZE Edte] A& S0 SE2F35 &

(FM909T, Hanil, Korea)3taZ 108]2] 50% 2 °

40°CAl A 100 ge MBAIZF FF39oH, 4=
A

)

1;011
N
5

7] FE(RDABRAO)E =H&HdAotd w2 FAAF
Bt

AESES MF R AE F0{ — & A|Fl= Specific-
pathogen free(SPF) "3l 2] 6% 4% C57BL/6 mouse
4 A EF 871e])E MEFRZ(Osan, Korea)ZF-E
Yotod ARSI ARSZITE o AolE AFAES =5
A A3 AHOH, &5 2342°C, 1 50£10%, 12417
R BFT1E 2SIl vheae 159 59 AF

374 A-3A1Z1 §, cyclophosphamide(CPAYE 77 F

171

3444 150 mgkg As, 747 T 195 110 mgkg
Aee 87 Fojste] W At mdle vHEQITH A3E

o] AL CPA Fo7} £ 2477 Fof Z431a
ol w} vk 7o) ERakdnh S| S-S A
Z Bule] Bojgks 7|20 2 OAL-1(150 mgkg AZ)
28] OAL-2(300 mgkg A5)02 FASINILE F2ES &

51

o

i o

I =745 CONTZ NCTol|, PC-2 WY 4o &

50] Aok LE A B-glucan(50 mgkg A%, Sigma-Aldrich

C0)2? 83N A A3, RE A2 1447 74

T2 Fo(13]/A)sl ). B Ao ALgE FEAE &
]

=

Hde 2E Ay A Al 52T SHsdHE
A SEAT AT Y389 $OI(NAS 202106) A}l 48]

8L FFdted FR= A

ol gl MART|of IF - HF 77| TEE
Aes S F COE wFT & S Erguox
APsiact. AFE N2 AdweE AT Fot 4°C,
2,000 rpmellA 1587F A4 st A Anom, H
AEEEY Y WY I Al|EFRL, NK Al E&] 249
o] &3I3itt. I AF Foll, mhg-= F=AL AIZAL ZE, H]
I e AEsl] FAE SsIen, 22 F4 Al
AH&-BHA T

Y LY HY2RETU s FH - v &S F=
Eo] nte-29 A [gA9) 1gG F=ol A= JTF
enzyme-linked immunosorbent assay(ELISA) kit(Abcam,
London, UK)E ©]-&3ate] A&t} IgA9} IgG A7
T8 FHolUE 96-well plateo] HS 50 Ly EFsho]
2ol 2A17F WiFEIA T, AF S0 3 AH F
IxHRP antibodyE 7} well & 50 ¥ EF3he] 1A]7¢
&t &2 vttt AlE $ TMB 845 50 pL
A EFete] AdRelA 1587 wiFeii L, wks AA §os
50 pLA F7kete] wkg-5 GAAZT Ao wsks &l
3l §4 = (OD)= microplate reader(Molecular Devices,
San Jose, CA, USA)Z 450 nmollx] AT}, WA
2 (IgA9t 1gG)e] F=E ELISA kitoll E3Heo] & &
F ool A2E A YT F AN ALEHAT

By AOISTIlS] B &Y - 0] ERF FEEe
83 We Axe| Ve GG Bl 98 AolEst
QI(IL-12, TNF-0)2 ELISA kits(Abcam, London, UK)2.Z
A8 TL-12 7412 96-well plateol] 2+ 2] &H
100 pLE L 2A17F 308 B2t vl & 33] Al 5T
IL-12 antibodyE 72 & 17|17}, HRP-streptavidin &4
B 458 SRt AdeollA wESAIZAT AlH - 2} wellol
100 pLe] TMB &8 ¥ 10827} B8 A2] 3, 100 puLe]
WS FA &g o] A4S AAATIAL 450 nmel| A
microplate reader(Molecular Devices, USA)E ©] &3}
4= (0D)2 =431t} TNF-a £41-& TNF-a antibody

m
Al
i)
d
T
»
i



172
7} F2=o] A& well plateel] antibody cocktail 50 L}
3 9 #E ENE 7 50 pL ¥ F, AT S AR

[e)
oAl 400 rpm WREZ|E o]-&-ate] wjatar 33] AlF 3
t}. 100 uLe] TMB £9& ¥ 10—r B A 5
100 uLe] stop &8-S ¥ Wk AR|AIA 450 nmoﬂf\i
Z1
_g_

E4=(0D)E 43I A}o@}ou E5%E ELISA
kitol] 23t=lo] Sle 3 GHlA AEE FAS A
Soll Akated ARg-sk3AT.

H|&H DioiM[Zo| ZAls =X
Z3te] it A (DMEM, 2% FBS, 100 U/mL penicillin,
100 mg/mL streptomycin)>2 23] A|Z3I9, A v
HAlolA 10 mLe] viFe& 7Fet %, 40 um nylon cell
strainer(BD Biosciences, San Jose, CA, USA)E ©|-&-3lo] o2
3} 3kttt o] 2A AojX vIAAMEE Histopaque(Sigma-
Aldrich, St. Louis, MO, USA)l| 23 ¥4 &7 3l &
Z7E BYsigion, AEE AT F ujglolr 3.0x10°
cells/mLZ 27 3} T} 96-well plate(Nunc, Rosklide,
Denmark)el] 100 uL? 53} AM8-81$9 T} Con A(Sigma-
Aldrich, St. Louis, MO, USA)<} LPS(Sigma-Aldrich, USA)
£ A% FEE 4 pgml, 1 pgml HEE H7e A,
fzole MgdS FF w5302, 37°C, 5% CO,
incubatorol| A4 Wl 3FA T 48417+ 3, ZF well & 10 Lol
MTS(Promega Corporation, USA)S ©]&3lo] 247k 5t
WE-S-A] Z1 3L, microplate reader(Molecular Devices)E ©]-&,
490 nmellX FZE(0D)yE St 2AE HlaLstsith

NK MZeo| 4 58 — NK(natural killer) A3 ==
NK Vue kit(Murine NK activity kit, ATGen Co., Korea)=
°o]4-3l9] NK AZZHE FH|EE [FN-y 378 HALE Al
3tk Ad SA], €S Heparine A2]¥ & £7]9
gz, 37°C 247)7F wiFSIATE IFN-y 5= widd A
ge %/SEE](IST':, 2,000 rpm)sle] L2 J5HS ELISA

71EZ A2 g T 450 nml| 4] microplate reader(Molecular
Devices)Z S48} IFN-y 2 AlgE S 2000,
500, 125, 0-blank= 3]Aj5le] FFEHA1S A3 & ZAHE
Arksted ATt

SHRME| - 2E Z3= Mean £ SEE YERAUL 2}

E+ SPSS 2 713 (Statistical Package for the Science
ver. 24, IBM Corp, Armonk, NY, USA)S ©|-83]¢] one-way
ANOVA(one-way analysis of vanance)— AAISH T, Duncan’s
multiple range testoll4] p<0.05 <=1 73-9-¢ll -4’\3% ®
A8

N:Lou

- AgT=oIM BEE A

23 9 DE

0] S2& F&=22 A3 &7|FAH0 0|xl= B -

=0 &
T AAAQ]L CPA FAR I3 W A} 5= 29

Kor. J. Pharmacogn.

27 o CON -+ NC -+ PC -+ OAL1 —— OAL-2

26
244
224 \/
20+

10-|-
0 T T T T
0 day 1 day 3 days 7 days
CPA treatment
L.P

Body weight (g)

11 days 14 days

Fig. 1. Effects of black rice(Oryza stiva L.) aleurone layer (OAL)
extracts on the body weights of C57BL/6 mice immunosup-
pressed by cyclophosphamide. OAL-1, 150 mg/kg BW; OAL-2,
300 mgkg BW.
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Table 1. Effects of black rice(Oryza stiva L.) aleurone layer(OAL) extracts on the organ weights of C57BL/6 mice immunosuppressed

by cyclophosphamide

Index of organs (/body weight)

Treatment group Body weight

Liver Spleen Thymus
CON 26.5+0.5" 5.77+0.10° 0.32+0.01™ 0.18+0.01°
NC 22.9+0.6° 5.43+0.04° 0.28+0.02 0.10£0.02°
PC 23.6+0.5° 6.00£0.11% 0.36+0.04 0.16£0.01°
OAL-1 23.7+0.5° 5.39+0.17° 0.32+0.02 0.15+0.02%
OAL-2 23.9+0.6° 5.75+0.06" 0.39+0.04 0.16+0.03°

OAL-1,

150 mgkg BW; OAL-2, 300 mgkg BW. The data was analyzed by one-way ANOVA using SPSS software and

was presented as mean+S.E. (n=8). “"Different letters in each column are significantly different among groups by Duncan’s

multiple range test (p<0.05).
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Fig. 2. Effects of OAL extracts on the serum (A) IgA and (B)
IgG levels in C57BL/6 mice immunosuppressed by CPA. The
data was analyzed by one-way ANOVA using SPSS software
and each bar presents the meantS.E. (n=8). ““Different letters
on bars are significantly different from each other by Duncan’s
multiple range test (p<0.05).
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Fig. 3. Effects of OAL extracts on the serum (A) IL-12 and (B)
TNF-a levels of C57BL/6 mice immunosuppressed by cyclo-
phosphamide. The data was analyzed by one-way ANOVA using
SPSS software and each bar presents the mean+S.E. (n=8). “*Dif-
ferent letters on bars are significantly different from each other
by Duncan’s multiple range test (p<0.05).
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Fig. 4. Effects of OAL extracts on T and B cell (A, B) pro-
liferation in splenocytes of C57BL/6 mice immunosuppressed
by cyclophosphamide. The data was analyzed by one-way ANOVA
using SPSS software and each bar presents the mean=+ S.E. (n=8).
“’Different letters on bars are significantly different from each
other by Duncan’s multiple range test (p<0.05).

300-
3 250
E a
a
B 200{
= a a
2 150- T
2
e
100
S b
¥
0 - .
CON NC PC OAL-1  OAL-2
} CPA i

Fig. 5. Effects of OAL extracts on NK cell activity in blood
of C57BL/6 mice immunosuppressed by cyclophosphamide.
The data was analyzed by one-way ANOVA using SPSS soft-
ware and each bar presents the mean+ S.E. (n=8). **Different
letters on bars are significantly different from each other by
Duncan’s multiple range test (p<0.05).
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