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Anti-Hypertensive Effects of Black Raspberry (Rubus occidentalis)
in Spontaneously Hypertensive Rats (SHR)

Jung-Hyun Leel, Hye Ran Choil, Su Jung Leel, Min Jung Leel, Ji Eun Jangl,
Ji Wung Kwon', Pill Jae Park? and Tae-Bum Lee'

lBerry & Bigfood Research Institute
ZAgriculture Technology Center

ABSTRACT The purpose of this study was to investigate the effects of 50% ethanol extracts of ripe black raspberry
(Rubus occidentalis, RBR) on hypertension in spontaneously hypertensive rats (SHR). The final systolic blood pressure
of the group treated with RBR for 12 weeks was significantly lower than that of the SHR group. The mRNA expression
level of endothelial nitric oxide synthase (eNOS) was significantly decreased in SHR. However, treatment with RBR
and captopril increased the level of eNOS mRNA in SHR. Moreover, plasma levels of homocysteine and plasminogen
activator inhibitor-1 were significantly reduced by RBR. Plasma total cholesterol, high-density lipoprotein, and low-den-
sity lipoprotein cholesterol levels were lower in SHR than Wistar Kyoto rats (WKY). However, there was no significant
difference in plasma triglyceride level between WKY and SHR. The number of eosinophilic cardiac muscle cells
was reduced in heart muscles after treatment with captopril and RBR. Therefore, this study suggests that RBR extracts

may be useful for improvement of hypertension.
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ol HH X}(Rubus occidentalis)=(9) phenohc acids, fla—
vonoids(flavonols, favanols), anthocyanins(cyanidin 3-
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sylrutinoside, cyanidin 3-rutinoside, pelargonidin 3-
rutinoside), tannins(proanthocyanidins, ellagitannins,
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2000 blood pressure analysis system, rat platform 2-
channel Visitech Systems, Apex, NC, USA)2] =19
B A3 5 37°C heating chamberol] A 30% 3+ 2 -5-A]7
Fere 23 WB FRSh

oy }F U Y 2
Fof 125 F RE AYFEL 1247 B AT
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Enzyme—linked immunosorbent assay(ELISA)

Homocysteine(rat homocysteine ELISA kit, Cusabio
Biotech Co., Ltd., Newark, DE, USA), PAI-1(rat plas—
minogen activator inhibitor ELISA kit, Cusabio Biotech
Co., Ltd)9] &4 AL ratoll A &3 & o] &3}o]
EF= 450 nmol A FA A}

83 XH g 2o
Ratoll A 2] Aol A triglyceride(TG), total cho-

lesterol(TCHO), high—-density lipoprotein(HDL) =]~
HZ 32F 9 creatinine, albumin 32 A 3eEA7)
(FUJI DRI-CHEM 4000, FUJIFILM, Tokyo, Japan)Z ©|
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% 15, OOO rpmell Al 52 < AAEY STt dEeS
11]74 T S8 AAES AFAA 0.1% DEPC waterell
=9It} RNA E%(1 OD=40 pg/mL)= DUR730 spectro-
photometer(Beckman, Fullerton, CA, USA)E o] &3}
260 nmell A Z7 313l
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First strand ¢cDNAE 50 mM Tris-HCI(pH 8.3), 75 mM
KCI, 3 mM MgCl, 10 mM DTT(Invitrogen, Carlsbad,
CA, USA), 1 U/uL RNasin(Invitrogen), 1 mM each dNTP,
oligo(dT)20 100 ng¥} MMLV reverse transcriptase(In—
vitrogen) 200 U7} sh+5 20 plo] &0l &= RNA 2 ngl
25E A3 E Real-time PCRS Fast Start DNA
Master SYBR Green I kit(Roche, Mannheim, Germany)
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S 9% B-actin®] primer(sense, 5'-GGAAATCGTGCG-
TGACATTA-3'"; antisense, 5'-ATCGGAACCGCTCAT-
TG-3"¢} eNOS9| primer(sense, 5'-TTCCGGCTGCC-
ACCTGATCCTAA-3'"; antisense, 5'-AACATGTGTCC-
TTGCTCGAGGCA-3")= NCBI data baseZY-E 213}
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HelzA4 HrE gl AEE 249 435 10% 5
A formalin®ll A 3}aL paraffin®. 2 ¥ujste] 4 ym F7
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n 73 o7 400 HE= 100w0 9] vl A el Helx
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Japan) @v|7Z & olgste] 1FT 157 A9 EHO}
Oq 39 =% dHE HE] eosinophilic band(E.P)7} 4
= HAE AIHEE #2393 image analyzer(Focus
Technology, Hamburg, Germany)& ©] &3} 159 4
Az g WHE 27 (umen diameter, ym)3} ¥ 57
(media thickness, ym) Bt 9 XTHAE T3t B F
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o A% Azl= SPSS 12.0K(SPSS Inc., Chicago, IL,
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R A4 deE 509 FEE 2 FHUYRTOR
AF8-4 captoprilg T3 125 <t w5 13] AlF S71
ZF, HolAdAF 2 S5AFAZFE S48t (Table D).

WKYol H]3] SHRE] A3 MA] Al AFo] tha W F3FS
Houy Ay 125 I 7 Z 4

ERER] gkt mdk Aol FHH d S5AAFHH
BE FoA FoHQl AelE HolA| k).

o
=5 Agld 2 captoprilE FoI3F FA 2T

Table 1. Average initial body weight, final body weight, body weight gain, water intake, and food intake in SHR for 12 weeks

(unit: g/100 g body weight)

Groupl) Initial body weight Final body weight Food intake Water intake
WKY 249.8+2.89"” 340.0+4.19° 15.84+0.15° 33.84+1.63"
SHR 283.4+4.19° 340.7+5.80° 15.87+0.25° 37.76+1.29"
SHR+RBR 250 282.8+3.20° 349.0+4.35° 16.05+0.18" 34.44+1.56"
SHR+C 35 287.2+3.82° 346.1+5.16 16.18+0.18" 32.18+2.34"

YWKY: Wistar Kyoto rats, SHR: spontaneously hypertensive rat, RBR 250: ripe black raspberry 50% ethanol extract 250 mg/kg,

C 35: captopril 35 mg/kg.
Values are expressed as mean+SE (n=15).

Means with different letters within a column are significantly different at P<0.05 by Duncan's multiple range test.
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Table 2. The relative weight of heart, liver, kidney, and lung
of the SHRs for 12 weeks

Group" Heart Liver Kidney Lung
WKY 0.34+0.01"%% 2.00+0.02° 0.60+£0.01" 0.34+0.01°
SHR 0.39£0.01*  2.36+0.02" 0.60+0.01° 0.400.02°

SHR+RBR 250 0.38+0.01%  2.32+£0.02 0.60£0.01° 0.36:0.02%
SHR+C 35  0.35£0.02 2.35:£0.03" 0.61£0.01° 0.33£0.01°

)Abbrevmtlons See the Table 1.

2Values are expressed as mean=SE (n=15).

Means with different letters within a column are significantly
different at P<0.05 by Duncan's multiple range test.
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Fig. 1. Changes of systolic blood pressure after treatment of

RBR extract (50% EtOH) and captopril in SHR for 12 weeks.
Abbreviations: See the Table 1. Values are expressed as mean+
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Fig. 2. Effect of RBR extracts (50% EtOH) and captopril on homocysteine (A) and PAI-1 (B) in the plasma of the arterial blood
of SHR. Abbreviations: See the Table 1. Values are expressed as mean+SE (n=15). Means with different letters (a-c) above the
bars are significantly different between groups at P<0.05 by Duncan's multiple range test.
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Fig. 3. Effects of RBR extracts (50% EtOH) and captopril on
expression of eNOS mRNA in the heart tissue of SHR. Abbrevi-
ations: See the Table 1. Values are expressed as mean+SE (n=
15). Means with different letters (a-c) above the bars are sig-
nificantly different between groups at P<0.05 by Duncan's mul-
tiple range test.
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Table 3. Plasma albumin (ALB) and creatinine concentration
(CRE) in SHR for 12 weeks

1 SHR+ SHR+
Group WKY SHR RBR 250 C 35
ALB (g/dL)  5.35+£0.09"”% 5.60+0.07" 5.68+0.08" 5.58+0.06"

CRE (mg/dL) 0.29+0.01°  0.23+0.01° 0.23+0.01° 0.21+0.01°

" Abbreviations: See the Table 1.

'Values are expressed as meantSE (n=15).

?Means with different letters within a row are significantly dif-
ferent at P<0.05 by Duncan's multiple range test.

ATH29,30). & AFol| A HiEAF k53 50% s F&
B Fo] A7} eNOSe| 32 wd o] woll = A Z71slth
ole} #HASte] oMo MPYPA AFo A HEA 53}
50% ol &r-& FZEo] HUVEC AE NO 84S Z7Hx171

AT A9E AL vk Jrk2). Lee S(10)9] A7A
£ HUVEC AZA B34 duj(sh3h), 7] F520]

NO A % eNOS w2 w3
Aol o]
tin, quercetin, ferulic acid, p—coumaric acid, caffeic

Z7HA7H, olr} B

9l Z )9 E(ellagic acid, gallic acid, ru-

\_E

acid, luteolin, myricetin) % gallic acid®} myricetin®] NO
A3 B eNOS w3 o] Srfol] Hojdtk g7} vk
B33k =3 Yoon $(4)9] OS_%LOM i
HUVECe] A #]ate] eNOSe] whafd b

FTE 9 A EH R eNOSe Ty

(¢} 1= pus
S8 uwmstel ¥ A9 AT BUE 1Y

A FEES

3¢ 2

Albumin/creatinine ST

E2A s odehE 50% FE=ol Al7lsd v
ke ool A} AF 12T AT FFE ol &ate]

creatinine %

A3} creatinine?] 4-9- WKYw-¢] SHR
2k S5 dEE 50% FEE T, 2

&) EF creatinine?] F=7F o= %S’lo‘jﬁ SHR
- 7HA & creatinine®] FXo f2l4<Q0 Aol = YEREA
T3k g% albumin 3 9 —°r WKY+°] SHRT
Hja) 2 27F oA o ® viekon g b2t
A5 dEE 50% FEE FoT R FAAUET
£ HolA

= A3 HTable 3). 1
(2 %%LEHZE, L
Az sl

L

¢

715 Aste 184 2Ae B o] Avk(31). Creatinine
< 259 YA giatel A AP EE FAE R S F
L2 WjEFETH32). SHAIRE 27 7)ol o)de] s AS-
creatinine =& WE5 A Xatal o ol ZrolA wm,
ol A 7% Aste] A wE &4 Yrh33). Albumin

7ee ddehe X14i AT =), AAFA ol
albuming o 3}8te] Al AR &S5 A7) 1)
g Fa wE3THE4). 3 o8] AFEolN F7F
J albumin xS} w8t TAY e K

1 5

N
ol
L ol

Ni
=
AN

N

| Foll

7

i
o
o
gk
ofy
hu)

[e]

=

g2t

12

o

=
T
125 & rate
==
=

A4 §

o
Ay

5
32

UET, 2D
ohﬂq.]z—?g] TG

sy’
o
a1
(@)
N
—\|l—' —l}b
20 M on
32 M oo

o
0

o
N

~
>
ofo
i
=5
>~
=<
2
E
:d
e
= o
o,
H
m?&
o
2
g ©
-0,

i v o
jan)
=
=2
R

iy o

®
o b

2]
S
O

%01
Qe @? XPU 17}
2% axEF gl
Z7MN 703 A 9 r:}(6)
ngv@&%E%QQEM%QWKWHMﬂSRqﬂ
HAow ¥y ZyAHE 557 Ueron

=<

oﬁ it
tlo o -
l

=)
yo =

N O
)
3

ox

=

BN
o =
Hoox o lo
oo B o o bR owE RIS

Jo
>~
-
e

Aol = g A FUl2~EE wE9 F7F g ¢
I Hasgith
Ha|x=z|sty ZAL Zof

EEAL 53 o 8he 50% FEEC] HH 18 #H 9
A R mA e QIS Lot A9 1257 & AF
TES At A2 A S HE5te HEE 94 3 &

100w ©] gl A #EsEATHFig. 4). 1 A3 R Y=
o] Ao A EPS 7H WAAEES] 427} 69.53+3.74
2 BT 24.36+4.0990 Hete] F-o A STk

F

o = HEA 45t g 50% FEE FoIL(51.44
+3.71)°] LA (69.53+3.74) Ml WA E 2

G folHow gaste] oje] AF@elA FAE A

Table 4. Contents of triglyceride (TG), total cholesterol (TCHO), high-density lipoprotein cholesterol (HDL-C), and low-density

lipoprotein cholesterol (LDL-C) in plasma

(unit: mg/dL)

Group" TG TCHO HDL-C LDL-C
WKY 76.40+6.472% 101.08+1.93° 52.00£0.92° 32.80£1.61°
SHR 66.18+2.54° 57.43+1.45" 26.07+0.42° 18.84+1.06°
SHR+RBR 250 68.75+2.67° 57.63+1.80° 26.69+0.79° 18.28+1.36"
SHR+C 35 68.47+2.56° 56.00+1.32° 26.73+0.37° 16.92+1.10°

1)Abbrewanons See the Table 1.
Values are expressed as mean+SE (n=15).

?Means with different letters within a column are significantly different at P<0.05 by Duncan's multiple range test.
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Fig. 4. Histologic findings of cardiac muscles and the number of eosinophilic cardiac muscle cells by treatment of RBR extracts
(50% EtOH) and captopril in SHR, respectively. Abbreviations: See the Table 1. Values are expressed as mean+SE (n=15). Hematoxylin
and eosin stain, X 100. Scale bar=100 um. Means with different letters (a-c) above the bars are significantly different between groups

at P<0.05 by Duncan's multiple range test.
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