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Improvement of Cholesterol and Blood Pressure in Fruit, Leaf and Stem Extracts
from Black Raspberry in vitro

Min Jung Lee, Su Jung Lee, Hye Ran Choi, Jung Hyun Lee, Ji Wung Kwon,
Kyu Seo Chae, Jong Tae Jeong and Tae Bum Lee'

Gochang Black Raspberry Research Institute, Gochang 585-943, Korea.

ABSTRACT : We compared effects of fruit, leaf, and stem extracts from black raspberry on improvement of cholesterol and
blood pressure in HepG2 and HUVEC cells, respectively. Cholesterol secretion was inhibited by water extracts of unripe
fruit and stem, but not leaf of black raspberry in HepG2 cells. Also, water extracts of unripe fruit, leaf, and stem reduced
HMG-CoA reductase activity. Furthermore, nitric oxide production and expression of angiotensin-converting enzyme
(ACE) protein were regulated by extracts of fruit, leaf, and stem of black raspberry in HUVEC cells. Overall, the rank order
according to the improving level of cholesterol and hypertension is as follows: stem > fruit > leaf. In addition, various
polyphenol compounds displayed inhibitory effects of HMG-CoA reductase activity and ACE expression. Thus, these data
suggested that leaf and stem as wells as fruit of black raspberry can be used as useful food resources for reduction of choles-

terol and blood pressure.
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2 g e Heol AAge] Akl wet 2
el Fde tiAMd Aokt 22 AFF R F43] Wty
3 ATk (Lim er al., 2011). 201295 5AH A5l w=d
U] Apgclos oF, AR, HdddEe] Abg
A F7F AR AR 47% ©]/FS AFASHAL (National
Statistical Office, 2012), = & AP 191 Holut ol
A, 915k, 1 o] ofe] S A AoR ddHoew
= Hdadso] A 1912 & o, 5 Y=
HlEolu Ege] A ¥ HEude] 2 99 82l
T} (Tyroler, 2000).
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7)E Fa gologE yAEE 8ol §)
% Z¥ZEE (total cholesterol), T/JAY (triglyceride), <!
2 (phospholipid) 5 ¥ W A9 T=r} v dH ez =
el S Helt), aX P35 deloz= B9 g9l 93t 2|
W Al o Fo g wAiEh Ao ) HAv a2
23 SAAEE G Fo2 enkehs AE= AT (low-
density lipoprotein, LDL)®] W&o] F7Fstal Pouje] Z 2~
HES 7H02 o]gAA FHOE vHEo] AR mEA7|=
IUE A (high-density lipoprotein, HDL)2] #&lo] 7+
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OIZFY - OI=d - z[afl2t - O[S -
stEE 284 vEll 293, Vs Adt, 2S5 &
&S Flele] Fakg Ashd $ixte] B8 AR 5o E tE
EAgo] wAye 5= itk HZolle o)k Hee gt
ofe] Hadh Ao g AAA, FHHE P 2 LESt
S Aslshs AP EES AAERTYH ZohfEe O
7t @lksiA 1= Qlom, X5 majel] it ¥4l ot
A old Hlgk 8% FUIslal = FAlolth (Yotsumoto et

al, 1997, Kim et al, 2001; Mckenny, 2001; Miettinen,
2001; Shin and Han, 2002).

A Aol AR 23S vlEste] 52 02 A= o]
e EBEA (Rubus occidentalis) (Eu et al., 2008)=
TR F UABEAIIY F HE IEZE A3t ilst

™ (Wang and Lin, 2000), &2 (Bu er al,

()
[o rlo K

=S Ko
2008), WHZZ &3} (Seeram ef al., 2006) 5 Ti3F g
Aol tigh A7t Es] o] FofA| AL k.

a7 B2 grfjol] #gh B2 A7t o),
291 ¢, E7]d #3t AFe Wel AR i), B}

A Z7)0Me B} Feheeolt SjHE Fo] HiE]
o1} (Lee et al., 2003), 71%% &3ol o)

L
.

M A7t of
2] wjulgk AAelct. ikl el vl S uf, U3} =7
oA Bl B o Ml R, EREH 2

wol=, HEfo|=, opu At 2 k) 7S
7T (Xie er al., 2004) B3 3k Kim
T AN = &3} tlEe] A4 do] FMeAle]E @
gulEs o] o =] o IRISHIE HIES 7)E
4N aAlZ FES 7ER7E ke RaE i) Bk
AR AN FaER 1o out Z7)dw Duje} H]S:
gt Aol ol FEsle] B FAkEddE #4le 7H
Ja7t okl AkEErh

ool & Ay HiAl Al F wERl= BEAke] o,
Z7] FARES o]gslo] SE2EHE 2 didel diE 7)s
4 ¥ ATE B3 712 ARE FHEA Yot olE o]
gato] tdet Seuoke mAEAl ATE ST
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1. HIZZFQt Mol

R g, 9, £7] FEE0] 85 FUzHEN FA
2 744452 HDL, LDLS] AAdo| #HE fze] o

HAE G dohr] flal A7 74 MlAEF (human liver

hepatocellular carcinoma cell line)3! HepG2 AIZE Ao
ARSI ESiA B ERIs] flsire AZHAIE

] M|Z3 (human umbilical vein endothelial cell line)?!
HUVEC AZE ARE-315t). HepG2, HUVEC cell line B
SHEA| EF ogfofl A BEFetom | HepG2 M|l X+ Dulbeco’s
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RIS - MM - ZEER - OEHY

Modified Eagle
HUVEC Al|x=

Media (DMEM, Welgene, Daegu, Korea),
RPMI 1640 media (Welgene)oll 56CollA
3087 €x2]¥ 10% fetal bovine serum (PAA Labortories
Inc., Etobicoke, Ontario, Canada)?} &AA| (penicillin/
streptomycin, Lonza, Walkersville, MD, USA) 1%E #7}s}
o] 37C, %= 90%, 5% CO, wld7]elA wjdstadrt.

2. FE=E MNX

B} n)dat, 943, 27), 9

3T

==

S 100 gge] 8w
ko3

[¢]
=
=

EF 25, 50, 75% olet2)E 7K & 27417 B3t 5 F
Z7] (Cosmo 660, Kyungseo machine, Incheon, Korea)S ©]
=z==1X1 O =

83l 23] 718 FEIATLE FEEL g3l 5T &
A7Z (PVTFDIOR, Ilsinbiobase, Dounducheon, Gyeonggido,

o

Korea)ste] AR&-3st3itt.
3. MIZSMAA (MTT Assay)

M) AEE-LE Mosmanne] W (Mosmann, 1983)°] uw}
2} MTT [3-(4,5-dimethylthiazole-2-yl)-2, 5-diphenyl-tetrazolium

bromide] $FHS o]-8-3te] SA3ITE MTT assay= AlE =

L5 =43l WoR nEZCgole] BAh aazkg
o ofal] xmghae] =84 7122l MTT tetrazoliume A4
< & "84 MTT formazan® & A7) WPES
o]-g-3ted 450 nm o] IpFl|A T F Hujrt =W, o] 3t
oA Aolol= AESFE HEISIT) HepG2 AIEE 96 wellol
1 x10%cellsymd =52 90 A 23 3 5 37C, 5% CO,
HIFZIOA 24A17F S vl sl o EEAF Enf, o,
7] FEEES sHE Axse A2 F 2447 B
7ol st 22 WO E HUVEC Al X3 96
welloll 2 x 10%cellsmd F=2 90 U2 B3}, EEA} dnf,
%, 7] FEFEES FEEE AR A2 F 2407 F
oF wj%k71oll A vl SFATE MTT assayoll= cell viability
assay kit (EZ-Cytox, Daeil, Seoul, Koreaye AME-3}1aL, &
£ welll MTTE 105 #H7¥sle] 37C, 5% CO, vl%
71014 427+ FF wl%E F microplate reader (Synergy
HT, Bio-Tek, Winooski, VT, USA)S ©|-&3&}o] 450 nm ol A]
FEEE S48

H o-1-=

!

4. SUNHIZE 4 A6 g0t
HepG2 AIZE 6 wellol] 3 x 10° cellsymlZE EF3}] 244]7F

W F, BEAF guf, o, 7] FEEEE A 24
A ZF T A ZujFA L centrifucal filter units (Vivaspin 4,

Sartorius stedium, Goettingen, Germany)E AFE-3}o] F3A|
Zoh ZHEIEe] & kS Z|2HE A J)E (Cholesterol/
cholesterol ester quantitation kit, BioVision, Mountain View,
CA, USAE A8l 243Itt A1 59} reagentES 47

Hl
=



S2A gl &, &7| FE=22f 222HE

Table 1. HPLC condition for compounds analysis.
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i
o

N
=
=

|
o

HPLC model Agilent 1100 series
Column OP Cy5(250 x 4.6 mm, 5 m)
Detector UVNis
Column Temperature 25T
Flow rate 1.0 m¢/min
Injection 10 1l
360 nm rutin, myricetin, luteolin, quercetin, kaempferol
Wavelength 320 nm caffeic %Cid/ p-coumaric acid, ferulic acid
280 nm gallic acid
260 nm ellagic acid
Mobile phase A: 0.2M ortho-phosphoric acid, pH 1.57
B: 20% 50mM ammonium dihydrogen phosphate, pH 2.6 in 80% acetonitrile
Time (min) A (%) B (%)
0.0 95.0 5.0
10.0 80.0 20.0
15.0 70.0 30.0
Gradient step 20.0 60.0 40.0
25.0 10.0 90.0
30.0 10.0 90.0
32.0 95.0 5.0
40.0 95.0 5.0

& A F 37CAA K17 Fet wjgslol
(Bio-Tek)& ©]-8-3+3 530/590 nm of|A]

5. 5 EdH=3 & F/IBE0|E &% 54
Z Eg9E 2 ds4 =22 phosphomolybdic acid

s

9} wkgsle] FAS Yehfl= Y2lE ©]83t Folin-Denis
W (Singleton and Rossi, 1965y% ©]&3sle] 43It} E&
2 g, o, 7] F2E 1mlol| Folin-Ciocalteu’s phenol
reagent 1 mlE 718t 387 ¥HS AZ] T3 10% Na,CO;
Ime & il 1A7F Bt ALoA ¥kgAIZl F UV/VIS
spectrophotometer (UV-2450, Shimadzu Co., Kyoto, Japan)
= ARgEt] 700 nm oA Bl ST o|w] gallic acid
(Sigma-Aldrich Co., St. Louis, Mo, USA)S ¥FE4= A}
gste] s AAdstal o|2HH F dls IS 7t
At F FPExol= 32 Chang 5 (2002)9] WHES S
&35to] 243t A5 1 ml ol diethylene glycol 2mé, 1
N-NaOH 0.02 méE 713t Thg 37C 2504 1A]7F B3t
HES-AIZ] & UV/VIS spectrophotometer (UV-2450, Shimadzu
Co., Kyoto, Japan)g AR&-3ste] 420 nmol|A] S35 5733t
At ol F R ol= 2 rutin (Sigma-Aldrich
Co., St. Louis, Mo, USA)S EFEZHR ARgslo] Ag=als
et olziE % Fehiols g3 Fod.
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6. Polyphenol Compounds &HehzA

BE22 FZE9] polyphenol compounds TS F435}17]
ste] 1078 ¥%F (Sigma-Aldrich Co., St. Louis, Mo,
USA)YS 7%3te] HPLC (Agilent, Palo Alto, CA, USA)Z
©]& Table 18] 7102 TS A6l

7. HMG-CoA Reductase 2 Mg}
3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase<
EY=EE A T8 FHeele aaE A4 T8
s} 5ol AMEERX I A= statin AGS] FEES HMG-
CoA reductase®] A3fAZ Zg-3l3 At} FHNZTLO=E
HMG-CoA reductase®] A3#1] pravastating ARS8, &
B2 gl 9, 7] B FEEY s 93U 1I0KRE
HMG-CoA reductase activity assay kit (Sigma-Aldrich Co.,
St. Louis, Mo, USA)S AF&-3}o] HMG-CoA reductase 3

o =S 233kt

o1-=

8. RNA Purification2} ¢cDNA Preparation
1) RNAQ| ==

HepG2 MEE 6 well 3 x 10°cells/m 2 F-F3}o] 484 7F
WiF T, B G, 9, 27 ¥ F2ES Ask] LDL
3 HDL @& frdzh 2 wsks Slalgith. RNA &2
total RNA extraction reagent?l Tri-reagent (RNAiso PLUS,



ol2ry - o|5=y - zleljzt - O|&E
TAKARA, Otsu, Japan)g AR&ste] 1ml-& AXo] ¥ $
152 &<t vortexdle] 1587F Ao WA A o] %

chloroform 200 (4 S 231 2027} vortexdte] THA] AR

S5 Sk wEe] 15,000 rpmelld 5E7 94 Bk & 4
NS N2 FHA A %< isopropanols EiL

A 108 F<F WAL ©]F 15,000 rpmolA] 105

A ZEste] RNA HHES AUt RNA JAHE=S
75% ANESZ A §, FAES 24 A2AA 0.1%
diethyl pyrocarbonate (DEPC) waterell =%t} RNA F% (1
OD =40 1g/ml)= spectrophotometer (DUR730spectrophotometer,
Beckman, Fullerton, CA, USA)E 18514 260 nm ol =43}
At

™ rfo ol

2) 2ARE AFAL BRkeA oUES (RT-PCR Quantification)
First strand ¢cDNA<S 50 mM Tris-HCI (pH 8.3), 75 mM
KCl, 3mM MgClL, 10mM DTT (Invitrogen, Carlsbad,

CA, USA), 1U/t4 RNasin (Invitrogen), 1 mM each dNTP,

- BAS - At - ZEER - OEHY

FexFoE T A ool 7hes] Agate] I
o|A R 2o]= FE2] sodium nitroprusside (SNP, Sigma-
Aldrich Co.)& A3} t}. HUVEC MXEE 12 well culture
disholl 1x 10°cells/ml 9] FE=Z FEF3l] 24417 vt H
AL doll, o, 2715 AEsIlaL, 24x7F F Al Ea &
=319k tiET0]l SNP 3k 722 wyo g njfdS 3
ot Mol AlE wige A 150 09k 20 140 9
griess reagent A2 130 1402] H,0 EFES Ao 302
ZF QESAIAY o] WHEES] FEEE

(Bio-Tek)2 AME-3t] $-4% 548n

d (NOyel & A& ofasde] FFFAo2HE ALt
sttt 524 93 27 FEEE, FEE
AR RIS, EguE ddEZAE HwEi).

microplate reader

off
H
19
ft
z
e

4) Western Blot
HUVEC AlZE 60mm disholl 6 x 10°cells/ml &] F=Z 24
AIZE F<F vl = H-EAte] angiotensin converting enzyme

oligo (dT)y 100ng3t MMLV reverse transcriptase (Invitrogen) (ACE) 9A153 3} endothelial Nitric Oxide Synthase

200 U7t S8 20 10 9] &ellA F RNA 2 pg O Z5-E ¢}

A5t cDNAS A4 3k 5, LDL A4 &4 <1zl LDL Table 2. PCR primers for real-time PCR.

FE&A9F AAFAAIQ] sterol regulatory element binding S

protein-1  (SREBP-1), sterol regulatory element b1f1d1ng Gene & Nucleotide sequences P(I:_ﬁngthdof .

protein-2 (SREBP-2), HMG-CoA reductase mRNA ®& # AS produc

T¢} HDL & AAR] ZF#2HE transporter ATP binding

cassette transporter Al (ABCAL), scavenger receptor class LDL 5 GAGTACACCAGCCTCATCC 159 bp

- - o ) receptor  AS  GCTCATGACGGTGTCATAG

B, type I (SRBI) mRNA®] W A &9l il 44 s CICAGATACCACCAGCG -

7 AR Fgas AN Fast Start DNA Master - AS  CTCACCGTAGACAAAGAGAAG P

SYBR Green I kit (Roche, Mannheim, Germany)S ©]-&-3} SREBP.2 S TAGACCGCTCACGGATT 182 bp

o] Light Cycler 2.0 (Roche, Mannheim, Germany)oll*l % AS - AGGCATCATCCAGTCAAAC

Z39ie}. Ao] AR primerd} PCR Z7E Table 2, 3% Agcat ASS ﬁgg%ﬁﬁggggwm 162 bp

7F 0 e Azle] AzgRAo 1 .

7Fo .’rr el A o—.——10 ngl}t Cycler Software 4.0 S AGCTCAACAACTCCCAC

(Mannhelm, Germany, Roche)g 01%*0‘}93\1:]' SR-B1 AS GCTGTAGAACTCCAGCGA 200 bp

HMG-CoA S TACCATGTCACGGGTACGTC 247 b

3) Nitric Oxide A#A1 Stol reductase  AS  GAAGCCTAGAGACATAATCATC P
dksld A (Nitric oxide, NOy= 39} (endothelium)el] Bactin S CACTGTGCCCATCTACG 157 bp

A e BN 2ae SArle BEE dEiA Ao AS  CTIAATGTCACGCACCATTTC

Table 3. Conditions for real-time PCR analysis.

Gene Cycles Hot start Denaturation Annealing Extension Melting

LDL receptor

SREBP-1

SREBP-2

ABCAT 50 95T 95T 60T 72C 60T

10 min 15 sec 10 sec 10 sec 60 sec

SR-B1

HMG-CoA reductase

Pactin
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SEA gof, &, B| FE=22| S2LHIER 22 oY

i

(eNOS) TA5-S gRIsiit. Age AHed FE52 NO A
A AxE vEeR 9 B FEE, 2] E FEE, 192
Ak ek 50% AEE FEES 200 /o] FEE AL
g3ttt FAHANWEFCE ACE inhibitor2 4# A &=
captopril 2 A 2|8ttt B&EA dul, &, 7] FE2EF
captopril %8| 24X|7F & 2718~ PBSE dishE washingdtal
lysis bufferE dishol] ¥ & 2T HE o] &5l HEE F
5 stk &E 255 98 30 w9 SEol
vortex mixingS 3FAL, 13,000 rppmoZ 5% F<F AR
£ sl AEde g5 SISt} Bradford A3 (Bradford,
1976y o]&-3to] Tl d oS AlSYsI3aL, SDS-page gelol
loading &}21t}h. LoadingS wF:l 3 trans-Blot® Turbo™ (Bio-
rad, Hercules, CA, USA)E ©]&3] PVDF membrane (Bio-
rad)°ll @A transfer A7l ¥ 5% blocking buffer (Sigma-
Aldrich Co.Y& A3l blocking #-8 F135FA ). Transfer®
membraneS 1 x TBS-TZ washing & 5% blocking buffercll
12} antibody (ACE, eNOS; Santacruz, Dallas, TS, USA)S
32 3le] 4CoAlA ovemnight A AT Thed 1 xTBS-TZ
membraneS washing 3+ ¥ 22} antibody (Santacruz)S 4C
oA 1A17F ¥Eg- AJATE ©]F THA] | x TBS-TZ washing &
ECL western blotting (Promega, Gaithersburg,
MD, USA)Z whijze] A eE RISt

substrate

5) SAxlel
RE BN A8 HA+3F23F (mean+ SE)E YERIA

2
—_
|

1t

USAYE ©]8-31 p<0.05 TFNX SAAXE 3FHL Duncan’s
Multiple Range Test (DMRT)Z A3t}

2y Y A
1. 2IRWNIEZFQ} SPHTMIZR0M S2AF Lol & U =
Il FE29| MEZ=sd

ZWIA 591 HepG2 Al EeF ¥ljulA| 3¢ HUVEC Al
AN BEA dujl, I 2 Z7] FEES AEFHS AL
Fch Biake] du (& 2 k&), o 2 =719 =
FEE3 25, 50, 75% ©l&-E %100 pg/ml,
200 g/ml o] FEoA A E=AZE HolA] YTt (Fig. 1).

I,

O

2. AL Goll, & W B FE29| dEAE N gt
1) SEIHIE MY A9M St

22k g, o 2 7] FEEC] FEZEHE A A
B2 vwsl] Yte] 7HHIEF HepG2 HIES o] 831
ok A¥A, B2 gufe] 739 100 pg/ml o] FEoA m
e}l )t FEES BasIS o gl vis) vt
FEE0] By 22 FE2HE 3 A 235 YERIIS
(Fig. 2). B84 FAHEQ Q3 27]9) & ¢ ogke 55
o] FY|ZHE AYEAE Hlwg A3, o] £ dekE F
ZES FYZEHE §F 9A a7t FetARE, Fe =
FE2E3 75% e FEEM 35% A=E P e F
AZEE A A EHE HeERNAAL, Alx2g7g87de] AlEH]
2

o A¥AzE= SPSS 120K (SPSS Inc., Chicago, IL, 74} 22588 TS W TS e AT BEA
L 1w “
_wf @ o ® _ w©
2w 2 2 w
z e e s I RUE S e = B S e = = o 5
a ® 7 @ Z ®
2o -
= [ [
S W[ S o e g » p—
¥ a3 s B ) B
0 “+ B0 B TT—
1 10 mw 0 ; » » 1 » w0
1 140 140
_w © _w ® _ o ®
% LI = =0 2 S o E 100 m E 10 e e e o= = |
F s ® ? @
) 2w 2 e
5 . £ . e
= e FERHD 9 - wHO = ap—
¥ afTmmm ¥ a3 S E ol
A —4— RERBOMP o 0 —4— S BOCHT™,
1 10 100 1 10 100 1 L] 00

Fig. 1. Cytotoxicity effects of unripe fruit (A), leaf (B), and stem (C) of black raspberry extracts in
human liver cancer cell line, HepG2. Sensitivity of ripe fruit (D), leaf (E) and stem (F) extracts of
black raspberry in human vascular endothelial cell line, HUVEC. UBR; unripe black raspberry,

RBR; ripe black raspberry.
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Cholesterol production (% of control)

50 F=] 125

control

Cholesterol production (% of control)

walter exiracts of leaf

- Z[5]2t - OFgH

=

XS -

[l

Cholesterol production (% of control)

Cholesterol production (% of control)

M - ZEEH - OfEHH

control 100 50 % m5 625
water extracts of unripe fruit

50 5 125 625

control fos

va/nl

water extracts of stem

Fig. 2. Effects of cholesterol production inhibition by fruits (unripe and ripe), leaf,
and stem extracts of black raspberry in HepG2 cells. Values are expressed as
mean + SE. Values within in rows having the same letters are not significantly
different at the 0.05 level as determined by DMRT.

Table 4. Total polyphenol and total flavonoid contents from
different plant parts in Rubus occidentalis.

Total polyphenol Total flavonoid

Samples Solvent contents contents
(mgGA/g)* (mgRE/g)”
UBR' H,O 132,14 £ 015 33.24 + 0.24%*+*
RBR 50% Ethanol  63.88 £ 0.26¢  22.59 + 0.39¢
Leaf H,O 190.78 + 1.83" 71.88 + 3.38"
Stem H,O 352.03 £5.73*  95.40 + 2.49°

*Each value represents the mean +SD (n = 3). **Values within in
columns having the same letters are not significantly different at the
0.05 level as determined by DMRT. *Gallic acid (GA) was used as a
standard for measuring of the total polyphenol content. ”Rutin (RE)
was used as a standard for measuring of the total flavonoid content.
fUBR; unripe black raspberry, RBR; ripe black raspberry.

(data not
= =i
3}, 100 pg/ml o] o)A
5%, 20%, 44% A A=
A &3} o ol oz

w3, ¢, E71
Hol 27171 ZHZHE

AT (Fig. 2).

182

Table 5. Polyphenol compounds profiles of Rubus occidentalis.

Polyphenol

compound (4/g UBR' RBR¥ Leaf” Stem”
Caffeic acid 172.3 124 21.9 7.1
Ellagic acid 8,502.2 1,382.2 234 136.9
Ferulic acid ND 8.3 1.8 0.3
Gallic acid 3,624.7  698.3 203.1 245.0
Kaempferol 8.0 6.4 1.2 ND
Luteolin 14.3 10.8 0.1 0.1
Myricetin ND ND 0.2 0.1
p-coumaric acid ND 124.5 7.1 2.1
Quercetin 82.2 86.2 5.0 3.0
Rutin 632.1 956.1 2.7 0.3

TUBR; unripe black raspberry water extract. *RBR; ripe black

0 > . 7 .
raspberry 50% ethanol extract. “Leaf; leaf water extract. “’Stem; stem
water extract. SND; not detected.

i‘:_O] = @—F/k_o_ =
FEE > 953 50% o
2tk Kwon 5 (2011)2] A7 Az} H)
ATh FEAF F9H FEE] g ¥
A3} ellagic acid9} gallic acide] o] =4 YEelgo
rutin, quercetin, ferulic acid, p-coumaric acid, caffeic acid,
luteolin, myricetin 5 TF¥e #He 3igEo] A FHATH
(Table 5).

AEAol SAeke B A 24

=
=

22 % s 5%

s}

rlo

h=
=

I



S2A gl &, &7| FE=22f 222HE

i

22 gAHEZA] #2F Yol 31t ©]/d2] phenolic hydroxyl”]
7HAAL QlojA e W ARl Ak AdEol
Aom 27 75 ol APHH Fa o] 2ES 53
free radicalS AATLZHN =2 dilst §HE /A= Ao
2 4EA AY (Lee et al, 2008; Kwak et al., 2010). 5
B2 dufj, o, &7 FE2E SAME 7] F FE2E M
2 st a7t e AR AlsEh

=

SEM O-Ix-“

=20 7

3) HMG-CoA Reductase st
HMG-CoA reductase= ZE|ZHE AT A4l 314

Zh8slks 942 dA A X8 AMEEAA|AL U=
statin A|99] SFEE-S HMG-CoA reductase®] AsiA|= Z-&

32 ot WA HMG-CoA reductase®] 4L xd3A
dF FYHES FXE T Uth= AHE viEe
2 B2 vss, 4 9 £7 B FEES HMG-CoA
reductase A TS v|wdk A3}, TR TFoIx HMG-CoA
reductase A3NAQ1 pravastatin® F 55%2] JAEAHS HA
L, v 4 g E27] = FEES 4 0%, 51%, 60%
o] AAEIE EAh (Fig. 3).

A0 Z HMG-CoA reductase activity A €4 Hlw

R

e BRA VST VY B HBEE BT, e
o2 7], 9 22E w0 o4 FIE Wit
BRAE FedlE o] Rtk Qe gle, 107}

A¢] FgjvlE dd=4S 083 HMG-CoA reductase &
A AAEZHES 2AKE A3, 107 EEE GdEE o
A caffeic acid 40%, ellagic acid 40%, gallic acid 34%,
ferulic acid 30%°] JAEIHE YERAATE. YA 67149
G EZL HMG-CoA reductase 4 JAo vjx& Jgo]
AL o Yeth o A7 deiNE ZTrMel I
H EF¥e F gallic acid’t €% FHZHE Ao a7t
52 SIS (Ngamukote et al., 2011), H2ke} =}
FZE°] HMG-CoA reductase 4 2 F|2EHlE 9 o
Al E37F Aok WRAA T, Hxpe] FUEZR] epicatechin,
ECG EGC, ellagic acid, gallic acidolXe Zd2HZ 34
A = HolA etk B UEAT} (Singh e al., 2009).
ool ZE|2HE I JA 79} HMG-CoA reductase
& A a3E T B, EEA vgel 7] &
50 7P 2 FEZEHE MHa dS2
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Fig. 3. Effects of water extracts of unripe fruit, leaf,
and stem of balck raspberry and polyphenol
compounds on HMG-CoA reductase activity in
HepG2 cells. Values are expressed as mean + SE.
Values within in rows having the same letters are
not significantly different at the 0.05 level as
determined by DMRT.

FE5o| ztzt 228, 280, 2.0 2 =717} 7Y Bol F7}
ATt

HMG-CoA reductase A A Q1 statin Al E <]
HMG-CoA reductase®] 42 A7 IA|, A 23|
H 2o thet s A5 95 HMG-CoA reductase
2] e sl ) (Pal et al., 2003).

iz visa, o, 271 & FEES 100 gml MRS
w LDL receptor (LDLR)®] L&E 71zt 1.6uM, 1.54, 1.84,
SREBP-2:= Z}z} 2.08l, 1.54, 224, SREBP-1<2 3.6Hl, 3.7
v, 748 F7MAA, 271, s, 4 & FEE T2E 52
AR e BT (Fig. 4).

TN EZ= SYZHE Yol BolAH S ZHE ALHS
o)A E|A PAA T Fe2HE IS 2H3
% Al "2 374 LDLY} HDLE W=t LDLE
Fol= AW ZA, T FY|2HEQ oF 345
(Mahley et al., 1984), 7tllA] 223 AXZ Fel|2H
et ZE2EHE AHEE A7 Al A 98F
o]x] BAITF LDLoY| 7Fo] xgte|o] Qlojx AHRARER o|§
Hth. HDLE A|ollx £REZA] 4 #7Fe] Y 2HES
ZAA TA] ko2 Rk, eRbE FEZHES T
A wBlEe] HEARS R EHlE L 4ks) LDLe| A¥ 84
2 gAY SR-Blo] AFsIc} (Steinberg, 1996). 5= LDL
o 2o = FEEHEC] sHAsE F]7]= ¥ HDL
< FHASE AANTIAY AT AE W SESEHE
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. Effects of water extracts of unripe fruit, leaf, stem of black raspberry on expression

of HMG-CoA reductase, LDL receptor, SREBP-2, SREBP-1, ABCA1 and SR-B1T mRNA
in HepG2 cells. The level of mRNA expression was determined by real-time RT-PCR
quantification and normalized by that of mRNA A-actin, which was used as a control
for RNA. Values are expressed as mean + SE. Values within in rows having the same
letters are not significantly different at the 0.05 level as determined by DMRT.

o] AL acetyl-CoA 37 EA7F Agete] HMG-CoA,
mevalonic acid 59 IHE AH o|FoA =], o|w] HMG-
CoA reductase’} G4F 2xo]A Hr} FH2HE TS =
A= HMG-CoA reductase’} AZ U Y ZHE FTo|
me} s Bdle Ao zN 3ol AAET (Taniguchi
et al., 1994). LDL receptor= 8% ¥ 2HEE A7
Az FEZEE ol mat wdo] 2AxY 485 74

shetl Tad 4TS I ¥F FdzHeo] Sk
LDLR 37} 8& zdsk= SREBPse| '2&o] F7}slaL,

Z719 SREBPs §-%x= LDLRY] W&<& Z7IA1A A3

29 ZYHE FFE ESH3] 85 ZYEHE &
&t} TS LDLR] e FY2HE 555
Uzt A ) SY2EHE IS fX8] 918 HMG-CoA

o o
reductase®] ¥

{1
W=

i nﬁlm b
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e
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SREBP isoforme SREBP-la, 1c, 2¢] Al 7IX7} lom,
SREBP-1a¢} SREBP-lc= F2 A Wb o sty
(Brown and Goldstein, 1997), 7FA|ZoX 2] FA2W g5
AHEE F4ze 2HS %A (Horton ef al, 2002),
SREBP-2= FHE|&EHIE 47 thiatel] degittar deiA 2l
t} (Han et al, 2002). HepG2 M3Zol| H¥XE=F1} o]iZe}

[e)
A A At} (Pal et al., 2003).
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2 Fqfdkes T FE2ES AE8S 1 LDLRS} SREBPs
e Z7A dF FE2H S TEE UEEd 59E

YUERNSATE (Pal ef al., 2003; Mullen et al., 2004).

HDL #&# #3721 ABCAl 2 SR-BI mRNA @& v
A= 92 HepG2 AlEo| FE2EEZE 100 gl o] T2
Agste] AV A, 522 vlsat, o, £7] 25 ABCAL
£ of 25H), SR-BIS 1598 Z7)8le] v]5=3t 92 B
t} (Fig. 4). ABCAIS HDL F2HE 5ol #ofsl= A
o2 RIFHAAHOW (Aiello et al, 2003; Joyce et al.,
2003), AlEZe] Fe| & AXH ] e -t vt
24 ABCA1®] o] F7lshAl =W €% HDLC ¥&=7f
S7ksle] SY|2EE0] AR wiEEe] AWe] Zd|E|E0]
Yolzit}, SR-BI1L AW ZF2HZE tialel] lojA HDL
AeA] Fol Hofstarl 7k AptiAL 22 7Y wol
sl Qlom FEZHES 7He Bl A= wiEste] 97
slof] t-gsle 712k 7L Uil gEiA] Aok (Krause and
Auerbach, 2001; Brundert et al., 2006). A3 2] caffeic acid,
ferulic acidollX] ABCG13} SR-B1¢] &lo] =r}sko 24 HDL
FH&HEo] F7FaL BAskt (Uto-Kondo ef al., 2010).

Z LDL ¥ HDL #3d mRNA 3T s 43 &
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Fig. 5. Nitric oxide production of extracts of ripe fruit, leaf and stem of black raspberry

(A, B) and polyphenol compounds (C) in HUVEC cells. SNP is a known NO

donor and will

e used as a positive control. NO; Nitric Oxide, SNP; Sodium

NitroPrusside. Values are expressed as mean * SE. Values within in rows havmg the
same letters are not significantly different at the 0.05 level as determined by DMRT.

B 271, v, = F2E o' A e &

7} Ho Ao ARHL

3. 52A g, & U =
1) Nitric Oxide21 5101
HUVEC A|Z|A BEz} Guj,

Jle] &Y O gt

EO

ol
=

o] ol

27191 NO 4%

< st} (Fig. 5) l VE@ Az}, B2 GuQl St
o} vkl 3 oflehg FEEC NO S vsl Bks

EoA =& NO AL Ho &
ARE-5FSIE} (data not shown). L
=714 =3 Oﬂ%% FE=9 NO

o £k 50% oﬂEFE
= 50% e FEES
g2 BEA} Faksel ola)

WA vast A3k, 2717 9 BTk B NO A4S BY
W, 9 NG F2EL 2 AIE wol ol B F2E
& sl 478 sl

By 94t 9, 37) $5E SRR AYEE NOo

S

S S8 A, A &7 FE= EFelA 25~200 gl
2 FE=2 A wert SR U—}E} NO2| Aol F7t
HAE 1 FoXME 53] F7] & FEE] NO Aol 7t
& iﬂ] =4 -ﬂ AL (5.50), EEAF St 50% olgke &
5 @43, o B FEE 2300)9 F22 =2 NO A4
EJ/]*ET HHERIT, SRS SSEL callic acid, cllagi
acid, ferulic acid, gallic acid, kaempferol, luteolin, myricetin,
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p-coumaric acid, quercetin, rutin & 107}X]E  ©]&3}o]
10 zg/ml 0] sE=2 st NO AL Ik A3}, gallic
acide control 253} H|nlsle] 4.98), myricetin 2.88 <]

NO A4S YeE 1 5] 874 @ &4 NO A4
3= wmlERin.

oo|&Adol¢=22 NOZ ¢4 o, o=
oA eNOSol 2]3}4] L-arginine® 258 AL, olof] I
E NO= 83 HE2A soluble guanylyl cyclaseE E/J3}
Al#A 3, 5’-cyclic guanosine monophosphateE 57| Z
A AE Y Ca FEE AAA B oIt U
Z AT} (Busse et al., 1993; Horowits et al., 1997).

Godse (2010)2 fiuctose T ALY TEEYNA
angiotensin I[IE- A3} myricetin®] FU4S
(2006)2] A+ AsfoA= gallic acid

O

X 0]'/\;\_1_ Sarr

5
2 caffeic acidE TFF3te AIEFE FZ2ES o] &3,
angiotensin [ =¥ YUY TEM HEEF FE5o| Y
FHEe] 715HNE A5} NADPH Ak} G490 §=5 of
AlsARE dete] E"‘iﬁ]r"ﬂ‘—’:‘ kS mx|x] itk B st

2) ACEQ} eNOS 25d
Eyrx} et 50% ek FE=d G 271 ' FE
< 200 pg/ml o] FEZ AREEle] ACESF eNOS Tl b

=

o
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Al 235 Bt (Fig. 6).

ACEE 2% T o)A 2u]=™, angiotensin 1<
angiotensin [I2 A3A|7|= G402 =4 7P S35
22313 3L (Atlas, 2007), eNOSE ZgolEAo g 47
A7, eI, I dol AdE] FE2S A

S A= 583 ¢lAtoltt (Thomsen et
al, 1995). 107k41¢] Eejsls ©d &4 5 NO AHExrt
Holt gallic acid®} myricetin 20 pg/ml & 2|5k eNOS

WS Rlslh. B8R} ¢k, gallic acid, myricetin &
T B eNOS wEel FUHES # & A%,

eNOS W& S7PF NO 4482 S7MIA dsel /1A as&
UeEhfl= Aoz Alsh

9l Asks SelEN, 5RAF g, o B 2] 52
Al aE wladt A, 271, ehaat, 9le] 22 = NO
2873, ACE T I oA Bl eNOS 57 E37F Holt

E29 gallic acid2} myricetin T3+ &

< ok ohel,
Rl Bt dES Slsisith
200p9/ul
leaf  stem ripefruit
CTL 1,0  H,0 50% E1OH
ACE <195Da
B-actin | GENEDGNES > @ | <43kDa
200pg/a8 20 pg/ub
ripefrut Gallic
CTL  50% E1oH acia """
ACE . - | < q95KDa
oNOS | AN BB SR S | - 140KDa
. <43kDa
B-acin | D GNED GS SND
Fig. 6. ACE and eNOS protein expression of

ripe fruit, leaf and stem extracts of black
raspberry and polyphenol comrounds
of black raspberry in HUVEC cells.
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