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Abstract

This study was conducted to investigate the effects of brown rice and brown rice phytosterol on blood pressure and lipid
levels in spontaneously hypertension rats (SHR). SHR were grouped according to blood pressure and fed either a control
diet or experimental diets containing 50% brown rice powder or 5% brown rice phytosterol for 3 weeks. Body weight gain
and epididymal fat weight were significantly reduced in the brown rice powder and brown rice phytosterol groups compared
to control. Brown rice and brown rice phytosterol diets suppressed age-dependent increases in systolic blood pressure
compared to control. In addition, brown rice and brown rice phytosterol diets decreased total lipid, triglyceride, and
cholesterol levels in the liver, whereas serum HDL cholesterol increased. Lastly, brown rice phytosterol reduced TBARS
contents in the kidney. These results suggest that brown rice and brown rice phytosterol exert antihypertensive effects that

improve lipid metabolism in SHR.
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SHTE 53] AlFSL 71xste] SHE S sk
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<Table 1> The composition of experimental diets

(g/kg diet)
Control” Brown rice LET
phytosterol

Casein 200 163.5 200
Corn oil 50 38 -
Mineral mixture” 35 35 35
Vitamin mixture® 10 10 10
Choline chloride
Methionine 3 3 3
Cellulose 50 50 50
Sucrose 150 150 150
Corn starch 500 48.5 500
Brown rice powder - 500 -
Brown rice phytosterol - - 50

DControl: control group, Rice: rice powder supplemented group,
Rice phytosterol: rice phytosterol supplemented group

PMineral mixture according to AIN-76A

9Vitamin mixture according to AIN-76A

&tz (Control), W] S 50% S} 2olE ¥
F d ol (Brown rice), 02| AEAZHE FE2E %
2lolE FH3 dv AEAZHE(Brown rice
phytosterol)®] 302 WAL, =3 AA2lE A F
woted 357 ARsiel.

A2l AIN 76205 7|RC2 sl thxd: Aol&
Az, St 2ol thERTE 4o]9] com starch T
A En s ARgsilen dn] AEASEH SR 2o
© txE 2018 com oil Al Fm|o] AHEAHLHE 5
=5 ARSI Arlre] Aol #n| EEdl| gHrEe] 3l
= A g S-S Silste] tixdt 2oleh FAdE I
o] F=E HA3INTH<Table 1>

H AFA ARESE A AEASEHE FEES 2 %
SHFS <Table 2> AA|BIATE Ar] A EAZHE 325
% campesterol, stigmasterol, sitosterol, cycloartenol, 24-
methyl-cycloartanole §38t 2154 2EH1E2] T2 9%,
An] AEAGZEH S| Hololle SHE FFES Fo] 4
o] 1kg B °F 45¢% A=ALHEo] THEAT T3 3
no] AEA2HE TS OF 0.025%2, dvle] 2ol
An] TS Fste] Aol 1kg B OF 125 mge] A=A H)

£y

wt

0 o4E

<Table 2> The concentrations of phytosterols in brown rice sterol extract

Campesterol  Stigmasterol Sitosterol Cycloartenol  24-methyl-cycloartanol Total
Concentrations (g/100 g extract) 1.46 1.07 4.67 1.01 0.80 9.01
Percent distribution (% of sterols) 16.2 11.9 51.8 112 8.9 100.0
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<Table 3> Food intakes, body weight gain and epididymal fat
weight of spontaneously hypertensive rats fed experimental
diets for 3 weeks

Food intake Body weight Epididymal
(¢/day) gain () fat weight(g)

Control 18.3+0.06*  77.1+4.0° 2.9+0.1*
Brown rice 18.1£0.02*  70.0+4.3®  2.4+0.1*
Brown rice phytosterol ~ 16.5+0.04®  57.9+£3.8° = 22+0.1°

Values are Mean+SE (n=6). Values with different superscripts within
the column are significantly different by Duncan’s multiple range
test (p<0.05).

SHRS A5 6~10F7F ol 8ol WAt +57] <
200 mmHg ©1’4S FA13Hs SF=Z d9t 71 ddo] B
rgato] Al 2l kel 71 Aol Bol 28Eof
SITh. SHRE F=RYRE to] & H Aollx FE5 A

o] Yot 73t a3 ket Aol HarH =], SHR
A drlE AAANAL W 7571 el s 23t vEr
%3(Choi & 2006), 2A2] 84 28 857 AFHAA
S o) gkel A9k A ACE 9Al & ¥ (Ardiansyah 5

200605 UERTE 2A 284 2o 18y N ade

et et a3y & 4R ferulic acid Bok= 34 UE

W(Ardiansyah 5 2007), &A¢] A4 A& Fol ¢t 7

3 295 Ul T tE R ARo] EAEE AALsE

ATH
Anle] 7154 Aol st gl #gk ATER

=T GABAE TEAHT AAAFolAM st

= YR, o]23t GABAS] Fts E?%% :ﬁm

AZFE ol=gigd EHE GAE] Wil

A Eth(Billingsley & Suria 1982; Inoue 5 2003). Ferulic

acid= SHROIX E¢7dste UerA=T] ol nitric oxide

of oJgt FAsPgs} Aol e AR HATKSuzuki 5

2002). T3t Awrje] 7tst gabe Aol Aol ot

a3l Aorw HolH o) UIA|E 75 23 Zow

AR Ee, AES FAsks HIHE 583 SolF

Q1 Agto] ke wiEn FeZHE A T UjFjA| 2o

ot Aol Fx1at HHE F o2 BRItk Hallfrisch 5

2003).

2 EAZHES] el vAE FE2

t}. FEAg A SHRel IAW
3 12

B QoA A 2

, LEFYZHE 2o]= A

W32 fusky AEAZHE A4S B dgelE o
o] YIUTHT BRIEAT(Kim 5 2008), Q1A Apol|A] 2]
BAzE S P9k Ash At fle e deEyn

(Hallikainen & 2006). 2&]1} SHROIA $-f FEfo] =9} 2]
B4 2HES A AANAEES w 757] Fstol sk
ACE?] #do] 7haglon ¥kl 9182212 I3 Uiy
9] 7]5°) ¢ (endothelial dysfunction)°] 7| = AT H %
AtHEhlers 5 2011). =3+ 2 EA2~E|E 47} SHROIA

250
—4—Control

240 | -E-Brown rice
230 | —®—Brownrice phytosterol a
220 -
210 4
200 -
190

180

Systolic blood pressure (mmHg)

160 -
150

Feedng period (weeks)

<Figure 1> Changes in systolic blood pressure of spontaneously
hypertensive rats fed experimental diets for 3 weeks.
Values are MeantSE (n=6). Values with different
superscripts in the same period are significantly differ-
ent by Duncan’s multiple range test (p<0.05).

EDHF #& t)& 2 o] 2H(endothelium-derived hyperpolarizing
factor (EDHF)-related aortic relaxation)°l] 432 F= Fo
2 Yepd=tl(Jakala 5 2009), o123 AL 2 EA]2H
9 1Y A 78S AR sl

2 AT A dr] 9 #e] AE2EHE2 SHRE] 9
Zdatol] $-rgk e veRlTh vl A dst ave A
ol f-5 H|Eslo] XF7HA] 2 LE R GABA, ferulic acid

Sl ol3 FE= RO, #n| AEASEIEwolA L
8o et B3 B o AR Avle] A2 E 9
3 Uehd 2oz ARAS & gtk ko= ofof thak A4
& 71Ag Bel7] A 74 ATk glojof & AoE AR
f.
3. g8 3l ZIxRo| XA B

93 3 A0 A g HSE <Table 4>l Yehl
Stk 94 FAAY A Aol ol Hs) b
A A Balort SAH felde gdle. 94 F fﬂl

28|23} HDL E#2HE2
o5lA E9kth HDL 4|2 E2 e nzA A
Y ZY2HES 2xFARo2RE ho g Sutsle] WE
o) Ao tiste] Wolxg-S dial I A Utk B AT
Az} Frjat An] 212 S04 HDL S| 2H Eo]
717F 21%, 34% S7tel=dl, A 84 S 2HE
o] F7¥et 21> HDL Z¥HZH &S] St o3t Aoz B
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<Table 4> Serum and liver lipid profiles of spontaneously hypertensive rats fed experimental diets for 3 weeks

Serum (mg/dL)

Liver (mg/g liver)

Triglyceride Total cholesterol HDL cholesterol Total lipid Triglyceride Total cholesterol
Control 86.8+6.6 53.8+4.0 415429 69.6£1.8° 23.743.3° 2.440.1°
Brown rice 84.5+7.5 71.0£5.6° 50.3+2.8% 51.6+4.6° 102+2.1° 1.9+0.2°
Brown rice phytosterol 79.0£9.5 74.9+3.7° 55.8+5.0° 61.8+3.3 12.0+1.1° 1.8+0.1°

Values are MeantSE (n=6). Values with different superscripts within the column are significantly different by Duncan’s multiple range test

(p<0.05).

AEAZHET] A A2 1, 49, 22%
o} &) AEAZHE B SHRO| SlojA] 7b
A

gAYl a7t 53] FEHAA YERsTh
SHReIA Av] B= &n] ] AA tiar 7R tigt
A EAET, Choi 5(2006) SHROIA &m| A
FA7F Ao AN S 2HE, HDL S 2H S0l 9
S FA FUTHL Bt 2 Aot e AHE BS
O}, SHROA 2A9] A& E8S HAXNAL | EF
A2 profileo] 7141 % (Ardiansyah 5 2006), 7+] FA
Aol zHadtion AA thakel AEE mRNA 23] ¥
stet $ A1A diAF A EATL B E QT B ol
3 @3 ferulic acid Btt =A YElH(Ardiansyah 5
2007) 2A2] 284 8 Z ferulic acid 2]¢] t}2 A& o]
A4 g ke MRS 58 F Atk AAZIEEE)
T3 dF o) VLDLE 714, HDL ZH2H 2 S7H7)
3l(Lee 1994), @x=FollA &7 B ko] SAALS 74
7l ZAe® veht & A7 AR 23S B ATHChen
& Cheng 2006). 5t BA7| 52 sEAHNAM S5 F F
g 2H &3 LDL FHZHES A7) (Lee 1994) O
2 ZyzdHEF FFAY wiAdE F7H17]1™(Chen &
Cheng 2006) Al 28 T Sjolx] 3 T3 =EHE
LDL FH2HE 727l Aoz Yeyed(la &
2011), olEg A74=2 dAv|o] A tAkE JHAdeke A
o] &4 AEAL AR AR AATE TE -
QA= (Rhee & Choe 1996)7F EFH|E2] &3 Fg |2
£ Aalzhgo] WA gvkPatil & Corewell 1978).
AEQ-HES EF |2 HE 24 839 s
JNAAEE Fall 2 HalA] dom AEAZHE AR &
EdAgte] WS 20%7H HE g Tl 4 A vk
(Miettinen & Gylling 2004). ¥]=F2] National Cholesterol
Education Program(NCEP) Adult Treatment Panel IIIoYA]
+ LDL S =HES A38aA4S S E57] fl8t]
a7 2 0] AEAZEE HHE W8 ATHNCEP 111
2001). SHRY ZAM, T 2HE Ao|g IAPES &
el ABAAZEES FHIS W EF A profileS 7
Ao (Kim 5 2008), UIF EFFLHE2HE 225 2
B2 ES 2]0]9 1~5%Z IFH A sFat9e o 3

AT S B E ko] EHEH R T4sll
Koo & Lee 2004). =gt Firg Al 3 1.6~3 ¢
o] AEAHZHES HEAS o T8 SEHE3 LDL Z4
2HEo] 74313 HDLS Sk 73] Yl th(Baker

= 2009).
oJelalol ] ABRABe] 91PN HDL o] Fa

AR

Atolof ZdiaA 7t B Rl A E 3 $Rke] 79 HDL
o]9]o] T} Athl ], o], AF= F#AsHA HDLO
Za7F #EEN oW HDL 57 7HAshd A S
£ poolo] IRt B E A ckMiller 1978). ¥ A+
A7} SHROIA &r] HH <} dn] 22428 E HFHE d5
HDL &2 E0] foHo 8 Frtsli=t, ol dnet
An] AEAZEEo] AE tALE ThAdste] Adaasie] 9
S e T IS HAFH st Eg e
ATFSolA et dn] AR 2 AEGEHE o EF
ZYZHE vt 2 AT Aol HehA] 8k=l,
ol tiFEe] ATAEe] IA o] T FHZHE 3
7t Aol AAYFTS Fsh v, B Aol A E
2 A2 ARSE BelY A JFE ARSI, ol
gt AE 249 Zjo|7t Aite] ztolE WIAZ] FoE o
Az}

B HEL AFNA micell 4 A FdZHES 7
Asto 2R FH2HES S5 AT FEHA g
Y 2HELS HoZ ujdEe] 5 FHHES Y A
o2 Azbe) gt FH2EHE S 448 7ke] LDL
T&A| o] F7letal 7o Ee] LDL ofso] S7iste &
% LDL ¥ ZH|20] 7443 "thRocha 5 2011). 3
ZHE §57F 4std Y 2HE FA0] S, A
2 AAAZANA 2= ZHE AFH7F FH2HE S
Z7WFHTL Btk Jones 5 2000). A EASHEZS F
gZHE Rt} HMG-CoA 849 B4 A= &
o] A7) wiitol AEd2HEe] FEZHE Aot B3
ZHEEHE F8E JAlshs A WS ofd Ao A7
w, meba] 2 A A3 A AEAZEHE AdFHTA W
B 71xZe] FY2HE A a3 HlA o] FE 2|
Z 3 oAl oJgt AL ofd Fo = At

AT A3 drjof A AEAAZEHES EYS W
o 2371 J& W ofyz}l A A profile /AT 3=
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<Figure 2> Serum AST and ALT activity of spontaneously hypertensive rats fed experimental diets for 3 weeks. Values are Mean+SE (n=6).
Values with different superscripts are significantly different by Duncan's multiple range test (p<0.05).

Liver
300
250 -
g 200
2 150
o]
£
C 100 +
50
0 - -
Control Brown rice  Brown rice
phytosterol

Kidney

450

400 -
350 4
300 A
250 A
200 -+
150 +
100 -
50 4

nmolig kidney

Brown rice  Brown rice
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<Figure 3> The contents of thiobarbituric acid reactive substances (TBARS) in liver and kidney of spontaneously hypertensive rats fed experi-
mental diets for 3 weeks. Values are MeanSE (n=6). Values with different superscripts are significantly different by Duncan's mul-

tiple range test (p<0.05).

NI

AL (Ling 5 2002), 2H FZE] obese Zucker ratel]
A o)A G T a8 IedAR S st B
A (Justo 5 2012). o3| AAE Tt & o &,
53] AAn|e] AEALEHE AR 2l el AE
OIALE vhha] el RIS AAN Adadete] 98-S 2
4 T e e AR 28E T IS o= AdEdn.

AAFE 83 5 Wle ¥4 228459 H3lE
<Figure 2> YERATE AST ¥ ALT= A7t &4

N
b
o>

BECEREEEK)

A55H=d| (Fukuda 2004) 2 A A3} thzold S718
ASTS} ALT E7d0] AgollA] o= FS BT
AST®] /32 tixtol vls| dvlea dn| 2E42HE
T SOl A frolH e Sobr i, ALTS] 42 thael
gl &) 2Ed2H S o142 WSkt Lee(2004)
IAPZT FF A dotAdEfolr] F2 ASTF ALT
QErt HolHtial Barste] £ A Axket fARH &
ol A= 7164 Aol ASTSH ALT 5715 oAlgS H
FAT ool AaE & o #v] AEAZHE HAR
A 7F =4 il FAlE 20| EA] 28 0= AlRY
™, SHRO| 7 &4o] o= A& AA|e Z o= A7)

ol & zefetar HEgk 1S A48}
= gt 1B 325t Houston 2005). B AAZ 0]
FYPE xS AE DA Bk T8 AlERE B

O



= fg710] 93k 4kstel vEgIte] B3 AHAHS
EbTH(S4ez 5 2004).

SHRS A3 ol B]3ll superoxide anion®] A4 &o] FA|
718107 nitric oxideS Y AAFI O ZH PAFE0 2 Q151
ggto] Z71Eth(Dominiczak & Bohr 1995). ool & ¢
Me 24 9 HIsAE S UERl = thiobarbituric
acid reactive substances(TBARS)E EXsle] =1 A=
<Figure 3> AA18dth. 722 9] TBARS T3 thx+
I AHEE fFolsk ZolE YRR %k, Ao
TBARS 32 @dv] 2B 2H EFol|A] izt Bls)] &
oFog e s HA Fu| AEAZHES s S
Yep AT dnlte] A5 SAA frelde ldlev tix
ol H]3l 217¢e] TBARS &do] 7Hashs 43S Bt

Toyokuni 5-(2002) 2 A7} 215]2] A7gellA A4 7}
ABE ATk B E A, Lee(2004)= 1o A
ufjolr] ogkE FEEo] AAIpitst oA 4S Ve
I, olAt o] Folg2 I 9 7k} Ae] XA kst
o] ZAagtial Basie] 2 A Aot fARE A9E B
St dnje] x84 AE<l ferulic acid?} A &4 3ol sk
AAol F422) 28-S & (Conessa 5 1999) y-Q &A1=
(Rhee & Choe 1996)3} =33 E(Patil & Corewell 1978)
= ksl 28-S she ZoE WEA Sl

AEQZHER s 75S Ueille 2 oE Rol=t,
AEAZHES kst 340 S48 STRIAA Aksk &
EYAE aAT)E 202 B EATHWoyengo 5 2009).
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