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ABSTRACT

Objectives : This study is experimental comparison of brown rice (BR) and germinated brown rice (GBR) on upper
gastrointestinal diseases animal models.

Methods : The ICR mice were divided randomly into four groups of six animals each (Normal mice, gastritis mice,
gastritis mice treated with BR, gastritis mice treated with 48h GBR). Gastritis was induced by administration of 0.5
mL 150 mM HCl-60% ethanol, Six-week—old male Sprague—Dawley (SD) rats were randomly divided into 7 groups
after 1 week adaptation, (Normal rat, reflux esophagitis (RE) rat, RE rat treated with BR, RE rat treated with
24,30,36,48h GBR). Reflux esophagitis was induced by ligation with a 2—0 silk thread both the pylorus and the
transitional junction between the forestomach and the corpus in SD rats,

Results : HCl/ethanol—induced gastric mucosal injury mice were ameliorated mucosal damage upon histological
evaluation by treatment of 48h GBR than BR. Optical changes such as hyperemia and multiple erosions were
observed in the rats with RE and damage to the normal rats was not apparent, The oral administration of GBR
significantly diminished against gross mucosal damage in a germination time—dependent manner, Also, the
administration of GBR suppressed the biomarker of oxidative stress, reactive oxygen species (ROS) and produces
peroxynitrite (ONOO-) in serum. However, the administration of GBR could not affect to the pH level secreted
from stomach when compared with Control group.

Conclusions : These findings suggest that GBR could have improving effects on upper gastrointestinal diseases in a
germination time—dependent manner,
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o] ZAto] AstElw oz wART g5y A=g
Slato] A=Y 2 gRete] Amo] £AS Fo2A F
 ORER 7E, o4 2 Ao PgA wsts "ok
498 Wt o= namolel AR AuT, o
Z9} Td B thoket Yoo g waEkA Heyg® Az g
Z A=gt 59| FHFo| wstng %A A2t Y
239 v Aot

2 (Oryza sativa L) ¥ &
2], FRAL o ZHE @% ZFHoR o ANEL A4
AP, duls GAZT S gAY B2 A W) u)
3to] goFo] EREAT A %ﬁr 2355 Ass &
2al7] wie), ANTINE =ARHE AH n|FL A
A & wu] Pz 2H]E T I,

dolgdu]s @uj2 HAY SR, = Ad 2
B Ee A Watn, dolaky F 27o] AstE|o] Azto|
MAEH, dokgio] Zrpgd”, doldu]e] Fa o4
B L gamma-—oryzanol, alpha—tocopherol, ferulic

E o}m flo

oo AES %3 d7ol

acid @ gamma—aminobutyric acid (GABA) So] 1%,
ol AT E B3] Fas &, F4F Ay’ g g=
stoln] mat'! Fo] YFE Tt ofeh o] WoldAmE
ZERRAZoFA e FEHS ul-*r’ AR=EA EF= l‘s_,j
2 A E S B ok}, o] B ATE FWF| o] o]
A3 gick, 2k woldulof Pk AR e Fko o
& A7E ululd Aot
meba 2 A7AE 34 99 € 4R Axd sER

Wof muol W} wolrAS Gelst AnlE st
HERSS HE AP, Ko 2N Al »
T3 o},

I. A2 %3

1. A9EE

ICR v} 638 47 24ut8] U Sprague—Dawley (SD)
37 638 £A 42018 E vEelo] 2 (Nara biotechnology,
Seoul, Korea)olA F4lste] 13U ¢ AHA o &g
A7l & Ao At et AE2 iy dista FEAD
LY Y3lo 42l (DHU2015-081, DHU2015-082)2

of APty on FEIT 43S 45T FE ARSAY
Z AL conventional system® 2 2% 22 + 2T, $& 50
+ 5%, HEF7] (light : dark cycle)= 12|17 7|2 23

3tk AR E 1 ALE (Samyang Co., Seoul, Korea) (%
aGEd 22,12 o, A 8.0% o8, AR 5.0% ©l3t,
Z3E 8.0% o|3t, Z< 0.6% ©A}, <1 0.4% oA, A
FH7He B FE3] 335t

2. A2 2%
E AE-2 udtol ool WopA| ke FEjgt AujE A2
AHESEGTE G oA Al @r] 1.2 kg Wot7] (NAGO,

Gyeongsan—si, Korea) (Fig 1.)o] & 3.5 L9} 374 24,

Vol. 31 No. 5, 2016

30, 36, 48 A|7to2 Wopr|7hE gejate] Wolstglet (Fig 2.).
dtobgl gu] 25 gol & 100 mLE 7}8t¢] homogenizerd]
uA|5HA) Bajstct, drot Al 48t Bo] RS AAlste]

of @ulo= =9 &3F& F715to] 2433

Fig 1. Brown rice—germinating machine (NAGO)
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Fig 2. Various germinated times brown rice

(A) : Brown rice, (B) : 24h germinated brown rice,

(C) : 30h germinated brown rice, (D) : 36h germinated brown rice,
(E) : 48h germinated brown rice

3. Aok

Nitrocellulose membranes+= Amersham GE Healthca
re (Little. Chalfont, UK)o|A 343t 3L, Phenylmethyls
ulfonyl fluoride (PMSF), nuclear factor—kappa B (NFx
B), inducible nitric oxide synthase (iNOS), cyclooxygen
ase2 (COX2), tumor necrosis factor alpha (TNF—¢ ), in
terleukin—6 (IL—6), Histone, 8 —actin ¥ 22} &A= Sa
nta Cruz Biotechnology (Santa Cruz, CA, USA)ZX g L
A3H 2™, Protease inhibitor mixture, Ethylenediamin
etetraacetic acid (EDTA)-= Wako Pure Chemical Industr
ies, Ltd., (Osaka. Japan)ol|A Fd3tHc, E3F, 2',7-Dic
hlorofluorescein diacetate (DCFH—DA)} Dihydrorhoda
mine 123 Molecular Probes (Eugene, OR, U.S.A.)olA]
ECL Western Blotting Detection Reagents+= GE Health



Anlop wWoln] o] A%

care2RE TYstel AT WY FFL AT BCA
protein assay kit Thermo Scientific (Rockford, IL, US
A)o A FAsHSTt,

4. 914 7HA &% 97t

1) g &4

ICR vM$-£% 29 6ulely 42§02 TEst APS
AABHETH AF AR PR} BS 258 TF5G

T 9 e 2AF gAY 2447 AR d4 sk, A
A, AT (Nor)& o728 A& 8% 0‘%013% AHe &
4 g2 (Con)2 FF+E A+ Fostaa, n) Lo} &n
FEE R 9 487t Wopdn] 258 Er@l%% dnlg
ol A|sHA] E4i5ke] 100 mLA A Fo g &, 1AZF BA
stalch. 2 oS 9 A &S fEst] Hohﬁ 150 mM H
C1/60% ethanol& 2} 0.5 ml & AT FoJ3}41 3t A7 &
Neste] 9 22g AR,

B |

AESH 9 23S 1% o2, FE dXE 7= (Sony,
£ o]&dto] P53, &4 Y &H
2 J-Solution lite (Innerview Co., Gyeonggi, Korea) X
E2IOHE o]gste] AA &4 B9 HWAE S5 £, 9
A "H 3} vt H&E EASHAT

2) XEISHR| mhE

Tokyo, Japan)ES

, 1z
n
o
]
b
)a

SD 3AHE #9 6"ty 7TIFoE FESA AdS

APARY} ES FES] FF0 A3
T e 24A7F ARE Ao AE T
dn] @ oA 7k 2t AnlE n|AsHA £
34 100 mLA AFES 3t 1A7F & Zoletile mixture
(Vibrac, France) 25 mg/kgs 7% AR ub sttt
BRZ 9 om AE RS o, gukne] R olye YRR
AE AaHE 5L B9 gilE 5t e £
3| & Ao MEZ2A 31_} 5 AolA &2 OI%/\]%'E}B).

nﬁmb
> >

2 wjo}

FE A &, A& E 95 2E5HR =&
&t A= A2z ddsig, A % A= Y ie 0.9%
NaClz2 A|&g & 7j3et FA=2 9o A =
A 7HH2t (Sony, Tokyo, Japan)E 01%5}@] FJstsh
£AE A=-et 242 [-Solution lite (Innerview Co.,, $HF)

ZRIWZ o] &3] AA &4 F99 e SHsAH.

F

- = d7hsted 9 W8=S st
%ot pH 34 A Aed 342 Asto pH 49} pH 79| &
= r solution)9] A2 AT T $£A% 9 YL
o] pHE DH% 7] (Istek Product, Korea)E o235le] &

AR ES 55 87

4) &3 L ROS & ONOO—- &4.

A RS 4,000 rpm 10 A 228t EHES <
2tk ROS &4 %37 25 mM DCFH-DAS E¢et &,
BE B=AE o835t 02F
ength of 530 nm®} excitation wavelength of 485 nmE
ol gsto] 3087 A3 A& S AXstATH?,

ONOO™ &= DHR123 buffer (rodamin buffer, 5 mM DT
PA, 10mM DHR123)%} 8H& £33 &, 37ColA 587
WG, 1 th2 emission wavelength of 535 nm&} ex
citation wavelength of 480 nmo|A &A%t 7t AAlslo
U et

o] 10E4 emission wavel

5) Western blot

Aol EZAS A7) 98 100 mM Tris—HCl (pH 7.4),
5 mM Tris~HCI (pH 7.5), 2 mM MgCly, 15 mM CaCls,
1.5 M sucrose, 0.1 M DTT, protease inhibitor cocktail
2 A7} buffer AZ @11 tissue grinder (BioSpec Produ
ct, Oklahoma, USA)Z B3t & 10% NP 40 292 H7}
sk, ofolx fioflA 2023+ FAAIZ] £ 12,000 rpm o2
21 AR St Al EZAE ZFE e 4SS £
stk g A7) Y3 10% NP-407F B3l buffer Ao
F ¥ washing?t th2 100 mL2] buffer C (50 mM HEPE
S, 50 mM KCI, 0.3 mM NaCl, 0.1 mM EDTA, 1 mM DT
T, 0.1 mM PMSF, 10% glycero)& &7l A5 A2 H
1020t} vortex& 39 3FTH 4ColA 12,000 rpme =2 1

27 94 £9% & 9E 23t Y ASEE Eol 8

0ColA Zz PdF Bkt

Al 2219l HZZ9] NFk B, iNOS, COX—-2, TNF—a ,
IL-6, B —actin @A AL =H317] ¢t 10 4 g9
TS 8~15% SDS—polyacrylamide gelZ o] &3dle] A
719% &, acrylamide gel& nitrocellulose membrane2
2 o]FAIF . EHE membranee] Z+2}+9] 12} antibodyE
25t 4T A overnight A]71 t}& PBS-TZ 6&ujct 5
3] AFsta, 742 A=E 13 Ao AHEH= 22 FA (PB
S—TZ 1:3000& 3]A3)A AHE)E AHESte] A2l A 1A%t
HESAIZ -, PBS-TZ 6&uttt 53] AlHst¢itt, 121 en
hanced chemiluminescence (ECL) €92 GE Healthcare
(Arlington Heights, IL, USA)o] :=&A]7] ¥ Sensi—Q20
00 Chemidoc (Lugen Sci Co. Ltd, Seoul, Korea)°l &%
AlA gl FAS FRlgt &, 3T bandE ATTO Densito
graph Software (ATTO Corporation, Tokyo, Japan)Z=Z
e AHg kel FFstec

6. A4

RE $£Ae Hod FELAE FASFOH, SPSS
(Version 22.0, IBM, Armonk, NY, USA)E ARME3}o
one—way analysis of variance (ANOVA) testZ AA|3F &
Tukey Multiple Comparison testZ AFEHZES AA|5lY

r-lu:
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2 7o) oL EAS A 72 2o B Aolo Ht =
AZ IS 5% sFA HZ3HTE. Student's paired
t-test AFG-3to] o]o} vl S Fofdt Tt Wobdn S =
A% 27| SAH & SABAT (p€0.05).

I 2

1. ¢ A9 &= W3}

150 mM HC1/60% ethanol& AT Foj3le] 34 98L&
et Q22 ¢ Hupo] &AL wol 28, W 9 By
o] WPAEA I, &4 B9 WA H&L 676.35 + 113,82
(p€0.001) AUR ZgAd<tel Hlste] vfg- A ettt o=
HCl/ethanolol 23t $] &A4fo] HAFE o2 o]Ro] HGE 9
ojgtct, 3, ol du] FojEE 271,61 + 58,66 (p<0.
001), 48/\]7]' %0}‘:-‘1;\11 Eo#e 116,22 + 40,11 (p<0.00
Do ¢ &4 2o ot -a—m% AFsae o, 9 A
B aNE 31—%5 FletaS ¥ ofyzt, HolstdS W o
2 R5aiE Hole A& eyt (Fig. 3).
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HCI/Ethanol-induced Acute gastritic mice

Fig. 3. Optical change stomach tissues of HCl/ethanol—induced
acute gastritic mice.

All values are mean =+ SD (n=6) (A) Nor, Normal mice, (B) Con,
Control gastritic mice, (C) BR, gastritic mice treated with brown
rice, (D) 48h, gastritic mice treated with 48h germinated brown
rice. ND: Not detected.  “Different letters show a significantly
difference at £{0.05 as determined by one—way ANOVA followed
by Tukey multiple comparison test.
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2. %4 A=q AH &% 37}

) SOR AAF BA

ML T o ™™

ogtol vigte] IR A=dS ST dxLe] F$ 3
51.28 + 76.59 (p<0.001)AUY =& Az Hu} &A=
B, DI‘QO} dAujE FALEAL & 97 AxdS #2
F BRZQ A% 218,63 £ 68.29 (p€0.01)8] AIEE BG
A7 A= 8 A dopAhE 2 v ATFE
o3t 24h, 30h, 36h, 48h#-9] ¢ Z+zF 187.91 + 45.01
(p<€0.001), 155,86 + 73.85 (p<0.001), 149.55 + 19.56
(p€0.001) , 98.84 + 45.13 (p<0.01)E e}, oA 7t
of HlEstA A= BT e Hol= A= Ueth (Fig. 4).
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Fig. 4. Optical change esophagus tissues of reflux esophagitis
rats.

All values are mean = SD (n=6) (A) Nor, Normal rat, (B) Con,
reflux esophagitis rat, (C) BR, reflux esophagitis rat treated with
brown rice, (D) 24h, reflux esophagitis rat treated with treated
with 24h germinated brown rice, (E) 30h, reflux esophagitis rat
treated with treated with 30h germinated brown rice, (F) 36h,
reflux esophagitis rat treated with treated with 36h germinated
brown rice, (G) 48h, reflux esophagitis rat treated with treated
with 48h germinated brown rice, ND: Not detected. # “Different
letters show a significantly difference at p{0.05 as determined
by one—way ANOVA followed by Tukey multiple comparison test.

2) 9| 24| pH 24

B3 3 349 9 BHEY pHE ST A7} 4,95 +
0.10 22 AL, 2T 2.15 + 0.42 (p<0.001)2
2 2" 25 2o 28y ndol do] W doldu|o
A= pHY §93 Wsks TEE 4= gt (Fig. 5).
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Fig. 5. Gastric acid pH in reflux esophagitis rat treated with
germinated brown rice.

Normal rat; Nor; reflux esophagitis rat; Con, reflux esophagitis
rat treated with brown rice; BR, reflux esophagitis rat treated with
treated with 24h germinated brown rice; 24h, reflux esophagitis
rat treated with treated with 30h germinated brown rice; 30h,
reflux esophagitis rat treated with treated with 36h germinated
brown rice; 36h, reflux esophagitis rat treated with treated with
48h germinated brown rice; 48h, “ “Different letters show a
significantly difference at p{0.05 as determined by one—way
ANOVA followed by Tukey multiple comparison test.
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144.14 + 23.13 (p<0.01)&, 36hT-< 126.00 + 10.71 (p
{0.05), 48h#-2 111,17 + 20.102 Jebgt} (Fig. 6A).

ESE ONOO™ &7 23, g4 (267.33 + 38.31 fluore
scence/min/mL) 2t} & F (398.20 + 28.76 (p<0.00
))& A F715t9 28 BRZOIAE 388.33 + 47,912 1}
B A4S BgS Bgon, Wolxzte] $7184E ON
00" 9] g o] ZHaste AL sttt (Fig. 6B).

4) AERZ|O| HEM AO|EFIR! X Of7HQUIXt L5

Az zAo|| A A=A ulA¢lR}¢] NFx BE 243590}, &
AdolA 1,00 + 0.1692 HAHYT tJ2FS 1.91 + 0.
36 (p<0.001)& yebyict, wdhol @n] FojFoAL 1,63
+ 0.422 Ao, wotduls Woli|zhe] il 9
A Zradhe Bagg UEbit (Fig. 7).

T3 g4 wj7jAAQl COX-2, iNOS, TNF—a , IL-6
o] W3 g Ax, COX-29] ¥de HAT (1.00 +
0.22)°] Hl3} =T (1.49 + 0.43 (p€0.05)& &4 4l
A F71stgon ool dn|l B (1,46 + 0.25)2 =
23} 98y v|3te] woldn BEoje ZHzF 1.30 + 0.3
0, 1.27 + 0.25, 1.22 + 0.26, 1.00 + 0.21 (p<0.05)=
A drofalztel| oE A o7 Fashe BT (Fig. 8A).

iNOS9] AL FAF (1,00 + 0,32)0] B3] = (1.40
+ 0.23 (p€0.05))2 F7kstg. o uidol AuEefF2 1.3
1 + 0.3202 7tAsls AL BHg1, doldn Eoge
Hgo] A gen 4847
+ 0.1322 Fol3t 45 B A h(Fig. 8B).

89

o

(A)

300

(4
200

cd cd
b ad a
100 ‘ \
0
Con BR 24h 30h 36h

Nor 48h

ROS
(fluorescence/min/ml)

Reflux Esophagitis rats

500
abc
400
300

200

ONOO
(fluorescence/min/ml)

100

Nor Con BR 24h 30h 36h 48h

Reflux Esophagitis rats

Fig. 6. Oxidative stress biomarker in serum.

Oxidative stress biomarkers reactive oxygen species (ROS)
:(A) and peroxynitrite (ONOO™) :(B) in serum. Normal rat;
Nor; reflux esophagitis rat; Con, reflux esophagitis rat treated
with brown rice; BR, reflux esophagitis rat treated with treated
with 24h germinated brown rice; 24h, reflux esophagitis rat
treated with treated with 30h germinated brown rice; 30h,
reflux esophagitis rat treated with treated with 36h germinated
brown rice; 36h, reflux esophagitis rat treated with treated
with 48h germinated brown rice; 48h, a~Different letters show
a significantly difference at £{0.05 as determined by one—
way ANOVA followed by Tukey multiple comparison test.
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Fig. 7. Expression of inflammtion—related proteins in Esophagus.
Western blot analysis of NFx B, Histone expression; Normal rat;
Nor; reflux esophagitis rat; Con, reflux esophagitis rat treated
with brown rice; BR, reflux esophagitis rat treated with treated
with 24h germinated brown rice; 24h, reflux esophagitis rat
treated with treated with 30h germinated brown rice; 30h, reflux
esophagitis rat treated with treated with 36h germinated brown
rice; 36h, reflux esophagitis rat treated with treated with 48h
germinated brown rice; 48h, * “Different letters show a significantly
difference at £{0.05 as determined by one—way ANOVA followed
by Tukey multiple comparison test.
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TNF-a o #&d2 ZAE (1.00 £ 0.44)°] v]3)] H=F
(1.91 + 0.17 (p<0.001))°A =ZA F7lstgon, njdto}
o) BojF (1.89 + 0.32)2 Z2EPoy =2 ¢4
g E S Bgon, 36417 Wotdn] FojF(1.18 + 0.22
(p€0.001)) ¥ 48Xzt Wol@n] FojF (1,03 + 0.38 (p<0.

(A) Cox-2 |l Sl o S S
b-actin | e e e w— - o= -
2.0 a b
a
- 15 B ab Ly
S T|b L1 1
5 10{h L
s
K]
~ 05
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001))oll A H&o] 94 A At (Fig. 8C).

IL-69] HAL =7 (1.30 = 0.19 (p€0.05))°] Hv]s}
o] 36A17F doldn] BEoj o= 25 38% (p{0.05) &3t
UES BT, 48X Wotdn] FojFoA EZE 27.69%
(p€0.01) 248 AL BHh (Fig. 8D).
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Fig. 8. Expression of inflammtion—related proteins in Esophagus.
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Western blot analysis of COX—2, iNOS, IL—6, 8 —actin expression; (A), inflammation—related proteins cyclooxygenase—2 (COX—2); (B),
inducible nitric oxide synthase (iNOS); (C), Tumor necrosis factor « (TNF—a ); (D), interleukin—6 (IL—6), Normal rat; Nor; reflux esophagitis
rat; Con, reflux esophagitis rat treated with brown rice; BR, reflux esophagitis rat treated with treated with 24h germinated brown rice;
24h, reflux esophagitis rat treated with treated with 30h germinated brown rice; 30h, reflux esophagitis rat treated with treated with 36h
germinated brown rice; 36h, reflux esophagitis rat treated with treated with 48h germinated brown rice; 48h, ® “Different letters show a
significantly difference at p<0.05 as determined by one—way ANOVA followed by Tukey multiple comparison test, The Student's paired t—test

was carried out to compare with the reflux esophagitis rats (*£<0.05).
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o3t FABHAAE BlEol drul R wobdn] FofFo A
FY% EHE 9L 5 Yok ol udo} Aulsh woldn]
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