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Co-treatment with Fermented Black Raspberry and Red Ginseng
Extracts Improves Lipid Metabolism and Obesity in Rats
Fed with a High-fat and High-cholesterol Diet

Min Jung Lee, Hye Ran Choi, Jung-Hyun Lee, Su Jung Lee, Ji Wung Kwon, Kyung-Min Choi', Jeong-Dan Cha',
Seung-Mi Hwang', Jong Hyuk Park’, Sang Cheon Lee’, Pill Jae Park’, and Tae-Bum Lee’
Gochang Black Raspberry Research Institute
nstitute of Jinan Red Ginseng
Imsil Research Institute of Cheese Science, Imsil-gun
3Gochang Agriculture Technology Center, Gochang-gun

Abstract This study investigated the effects of fermented black raspberry (BR) and red ginseng (RG) extract co-treatment
on lipid metabolism and obesity in rats fed with a high fat/high cholesterol diet (HFHCD) for 12 weeks. Compared to the
corresponding values in rats fed with a HFHCD, total cholesterol and low-density lipoprotein (LDL)-cholesterol and
triglyceride levels decreased whereas high-density lipoprotein (HDL)-cholesterol levels increased in rats treated with
fermented BR and RG extracts. These extracts significantly increased the expression of HMG-CoA reductase, LDL
receptor, and sterol regulatory-element-binding protein-2 (SREBP-2) mRNA, but decreased the mRNA expression of
SREBP-1. Additionally the serum levels of leptin and fatty acid synthase were decreased. Moreover, supplementation with
fermented BR and RG effectively increased fecal cholesterol excretion. These results suggest that fermented BR and RG
extracts might be effective at preventing hypercholesterolemia and obesity.
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NE T4 IR A2 A8 A8 ginsenoside-Rg2, Rg3,
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lyceride 501 AJFETH(11). ol&gt kA 7] ®HslE 2k
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sithe A7 RuEolA 2 913(12,13), ginsenoside® ¢laf A
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4 ZFZ7](Cosmo 660, Kyungseo

machine, Incheon, Korea)S ©|-83ld 100°ColA 23] 718 F=3}
Atk FEEL Al F53 § WEZAXPVIFDIOR, llsin-
biobase, Dongducheon, Korea)dt] AR&-3lt) &4t w98 2
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‘dsto] 85°CollA 2A17F Atdted ARESHATH WE FEES] A
X% L acidophilusE QHAXZATAFLZRE LgFdol AR
31992 ™, MRS broth (Oxoid, Hampshire, England)Z ©]-&3}o] 2
3] Al kst @SRl & AP ARSI 10% 2
F-5(Seoulmilk, Seoul, Korea)S 121°CllA] 1587+ Htste] &
2539 (Hanhongjung Health Food, Jinan-gun, Korea) % E-%-x}
n]<>3} E-2(Gochang Blackraspberry Research Institute, Gochang,
Koreay2 Z}7} 1%9] H&E 38t #H71st & 1.0x10° CFU/mL
2 AN L acidophilusS 1% HE8te] 37°ClA 72417F
Bt Mk & WeHxste] Aol ARt
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3, ZAM TZY2HEFS high favhigh cholesterol diet 2] ]
(CTL)Z AIN-93G®l| 10% lard®} 1% cholesterol 7} I3, &
AAZZ (P high fathigh cholesterol diet AFEl simvastatin 10
mg/kg/day, F-2HF EEF(F) high fathigh cholesterol diet A&
o fAkt LEE 250 mg/kg/day, EEAIe} T4t FIFZ(UBRHRG)
2 high fathigh cholesterol diet AlEOl| H22} vl & FE5&
I T4 FFY 250 mgkg/dayS EFst] TS, BRI}
T4 whg Fo]FZ(UBRHRG F)& high fathigh cholesterol diet A
B B2 sy B FEES T YL M TEst
o 250 mgkg/day FoASIATE 378 FAVIE ol&ste] 1257
ujd AGs A7 A 10/l AT FHE silew, )
223 A aFHiHENRTde 22 SO FRTE F
oAtk e AdsEE YPAECIH HE E A A
718 A% dtE AATE ARFREo] AHAES AL Hele
g FESIATh 57, 2o, AT dFYel & W IS A
el tXE A& ARSSte] S350, HoldFHasS
AR A 71 B A TS e 717 s}t A A
o] JHZFLE o] A&t A ARE-S simvastatin
statinA] 2] 7|EFER FHZoll= HY, Gedx &) vk &
24 ATH28).
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2HE9 == AsE Z%7]71(Fuji DRI-CHEM 4000, Fuji
film, Tokyo, Japan)& ©]-&3}] #4313t ™ (leptinye] T==
Quantikine rat leptin immunoassasy (R&D system, Inc., Minne-
apolic, MN, USA) kit= S35, FASE RAT Fatty acid syn-
thase ELISA kit (CUSABIO, Wuhan, China)Z AR&-&le] #2J3}
At

RNA 22|

b 2# O RFE RNAS FE6P] flstel dfe=e] 1+ 20
mge RNA F& A2 tri reagent (RNAiso Plus, Takara, Otsu,
Japan) 1mLoll ¥, @272 2383 & A2 58 5o+ W

2|33 TE. o] % LE 200 uLE @] 2057+ vortexing 3FAL

15000 pmeR 105 F9 AALTF F 454 S Az Fu
of ¥AY. A&} FHOZ isopropanolS A7 T 10% F
oF ¥EX]3E & o]F t}A] 15,000 rpmellA] 102 F9F DA EE] 5o

RNA HAES 5319 RNA IAES 0.1% diethyl pyrocar-
bonate (DEPC)9} &3Fet 75% ollgh22 go] AaL 15,000 rpmoll
A 5 B AR & oekE S AlASt Aol IHE
< ZAZAA 0.1% DEPC waterd] FTh RNA F(l
OD=40 pg/mL)= #3334 (DUR730 spectrophotometer, Beck-
man, Fullerton, CA, USA)E ©]&3}a 260 nmol|A4] =735 Th.

AIAJZH A}
tion)

First strand ¢cDNAS 50 mM Tris-HCl (pH 8.3), 75 mM KCl,
3mM MgCl,, 10mM DTT (Invitrogen, Carlsbad, CA, USA), 1
U/uL. RNasin (Invitrogen), 1 mM each dNTP, oligo (dT)20 100
ng¥ MMLV reverse transcriptase (Invitrogen) 200 U7} &%
20 uLe] &lolA] F RNA 2 pge 256 A3t cDNAS &
/3 3 %, HMG-CoA reductase, LDL A4 & <A<l LDL
receptor (LDLR)®} ZAFRIAIQ] SREBP-1, SREBP-2 mRNA &
AEE AL GAA SFEs As9-39] Fast Start DNA
Master SYBR Green kit (Roche, Mannheim, Germany)Z ©]&-3}
o] Light Cycler 2.0 (Roche)?llAl FZH3t3ith. Ado| 2184
primer®] ¥714 437 PCR 24 Table 13+ 720 Fxxle] 4
A8 Light Cycler Software 4.0 (Roche)S ©|-&-3F3ith.

ZglEA ol HES(realtime PCR quantifica-

2)
LAk A WHS ARgEte] gk EulE ¢ &, 4umo]
AR AUs eI SEtols ARG & U¥HERI] hematoxylin &

Table 1. Primers used in this study

eosin (H&E) €42 A A3} Nikon Eclipse E200 (Nikon,
Tokyo, Japan) Hul 48 ©]-83F9] NASH (nonalcoholic steatohep-
atitis) scoreS =743} tE. NASH scoret H|UI2A A7Hg o
2 A ASE, A EEET j‘u FEHgolgke 37HA
Hdo] 32 379, $4 &9 vxsk= A 5 ]ﬁi gt
NASH score 72> H&E @4 st
Abete] A, FAWA, A9

53 ol4fol® NASHZ, 24 olatel® N SH” o Alew st
73 TH29).
CHHOIAM XIE 24

e sa A 32 Bt ¢ datel 60°CelA S5t Fekow

= REA
Azt e S U #23 3 & 43Tk =49
2HES F 2 %ﬂ]iEﬂ% e 7]E(Cholesterol/cholesterol
ester quantitation kit, BioVision, Mountain View, CA, USA)E
ARt S ATE AES AIFE Ao] HE AT T 37°C
A IAZE 59t wlkEte] microplate reader (Synergy HT, Bio-Tek,
Winooski, VT, USA)E ©]-&-3l4 530/590 nmol A =74 51t}

SHEY

EE B4 A85E Hd+EF LA (mean+SE)E UYERR o™ 4
s A3+= SPSS 12.0K (SPSS Inc., Chicago, IL, USA)E ©]&3}
o] Duncan’s multiple range testol] 2]3] p<0.05 <=l SAA
g sttt

2o nE

MBS, 85 dFE 9 o] My

SD HE 5577 IA I FZEE AolE sl Ww

2 E FoL, SR 3 FEE FoL, BE X]'E} A
gFEE FoTH °“4‘3HZ 9l simvastating 1257+ 7Z47-5%F
ste] 7} 9] AFFIHE, & ’S%]Ek ”O]“Z]‘j*~ Table 201]
YER AT 324 Ho]' AZHZHE
AxA AT ST, %—’Fﬁ?]a’@)r é] ]
ARl AfolE HolA] it

_Z,_
R

EHoMe| X s
IAL AFHEHE AolR fEste] A 4, S2A
9} 4 BEES 27 FoIg HES] H A HDL-ZH2H|
, LDL-Z#|2HE, ¥ Z8|2El|S(total cholesterol, TC), F73A]
‘ﬂJ(tnglycende, TG) T=& 343t &35 ERIs 3= Table

____E
]
33 2ot @A e FUAsl 18, A, IAES

Gene S & AS Nucleotide sequences Length of PCR products (bp) Annealing (°C)
S CAACCTCTACATCCGTCTCCA
HMG-CoA reductase AS ACAGTCTTTCCTCTCCCTTCG 195 60
S CAGCTCTGTGTGAACCTGGA
LDL receptor AS TTCTTCAGGTTCGGGATCAG 188 3
S AGACTTGGTCATGGGGACAG
SREBP-2 AS GGGGAGACATCAGAAGGACA 239 33
S AGGAGCCACAATGAAGACCG
SREBP-1 AS TAGTCGGTGGATGGGCAG 151 60
) S TGTTGTCCCTGTATGCCTCT
B-actin 222 57

AS TAATGTCACGCACGATTTCC
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Table 2. Effects of fermented black raspberry and red ginseng supplementation on body weight gain, water intake and food intake in

rats fed with the HFHCD for 12 weeks

G Initial body weight Final body weight Body weight gain Water intake Food intake
roup
(2 (8 (® (® (8

Normal 197.42+7.13% 414.78+32.45%® 306.64+26.51° 10.43£2.15% 14.50+3.43°
CTL 198.17+6.15® 419.58+44.65® 312.1+43.46 11.17+2.03* 15.25+4.25%
P 186.55+8.82¢ 392.68+37.11° 290.41+35.29° 9.88+1.92% 14.47+4.09°
F 189.55+5.14™ 428.42+30.94° 333.45+31.22° 11.18+2.07* 15.88+4.04%
BR+RG 191.14+7.04% 418.63+39.13%® 318.75+40.84 8.83+1.72° 16.92+3.69%
BR+RGF 199.78+9.16* 430.93+41.16 324.42+38.00° 9.98+2.05% 17.97+3.88"

HFHCD: high fat-high cholesterol diet, Normal: Normal group, CTL: high fat-high cholesterol diet, P: high fat-high cholesterol diet+simvastatin
10 mg/kg, F: high fat-high cholesterol diet+fermented 250 mg/kg, BR+RG: high fat-high cholesterol diet+black raspberry 125 mg/kgtred ginseng
125 mg/kg, BRtRG F: high fat-high cholesterol diett+fermented black raspberry+fermented red ginseng 250 mg/kg,

**Values are expressed as mean+SE (#n=8). Different superscripts in the same column indicate significant differences between groups at p<0.05 by

Duncan’s multiple range test.

Table 3. Effects of fermented black raspberry and red ginseng supplementation on serum HDL, LDL, total cholesterol and triglyceride

in rats fed with the HFHCD for 12 weeks

Group HDL (mg/dL) LDL (mg/dL) Total cholesterol (mg/dL) Triglyceride (mg/dL)
Normal 55.14+7.33 7.42+1.27° 54.66+1.15® 71.8+7.04%
CTL 35.5+2.08° 23.5+3.69° 67.85+8.80° 93.33£14.30®
P 40.16+4.07° 14.57+4.72° 48.66+3.93° 82.2:13.34%¢
F 40.25+4.34° 19.542.12% 60.33+2.08® 95.5+0.70°
BR+RG 49.42+4.39* 17.25+0.5° 51.66+3.05® 65.5+24.63°
BR+RGF 50+7.42° 16.25+4.11° 50.66+9.50% 61.28+12.03¢

““Values are expressed as mean+SE (n=8). Different superscripts in the same column indicate significant differences between groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 1. Effects of fermented black raspberry and red ginseng on hepatic mRNA levels of HMG-CoA reductase, LDL receptor and
SREBP-2 in HFHCD-fed rats for 12 weeks. The level of mRNA expression was determined by real-time RT-PCR quantification and
normalized by that of mRNA f-actin, which was used as a control for RNA. ““Values are expressed as mean+SE (#=8). Different superscripts in
the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple range test.

FYZHE FXE 2E= oz duEn
LDLZ} HDLE WA EH LDLES 3] o)
24, 8% FU2H2 oF 345 2G4, T
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3] HMG-CoA reductase®] &d-S F7A171YkL
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FAA ] -0 #oIslal SREBP2E ZH AEHIE9 AEA
tiAtel] #E=ofglom 3070 o de] At HHS AHPH o
A gtehe Ta8 AAMAd fdAtelth35). SREBP-2 HE
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SREBP-2E= LDLR 243l 982 LDLR 2&E Z7MAA LDL-
FH = E] AX F5E A FHZEHES A=)
(36) BEAte} T4t wg FEEo| Z2HE b FBose
A 2dsle] ZFHZHE A 9B o= Z0= AT}

BEAE AR EZY 432 EYded 2 (flavone)©]
FHsA ErElold=d(9) Eesl= 5 ellagic acid, gallic acid,
caffeic acid ¥ ferulic acid’} &% Z@|2HE9| S Y=}

AFAF®)S} wa A B =E F phenolic compounds &
¥ 3 DPPH 2 7] 450 57} shATth(37) Bars sl
A T3 afo AEE AP 4EA Re2, Re3, Rh2, Rsl,
Rs2, Rh4¢] 22 (11)°] @& ¥ Rhl, Rg2s, Rd, Rgdr, Rg3s A&
o] F7ltATHE Ha38)el wat o] Ay A =g dEE F
gh ginsenosided] 712 XA 2 H¥E /e 3AAA &
£ vzl Aoz A7 R fAFS F FollAe] ASA
AW FUZEE TS JAsks gAES s Hez &
H# 212w (39), Gilliland 532y L. acidophilus?} Ed2El=
1 & & Ao s, Aol2 gojd S ZEHEY] dF
1k = 7] wjEo] Aoz FHE Brlssl &
o BTk o] A3 AxE Hol skim milkeld L.
acidophilusE ©1-&3 HAYEL] W o] FH2HE P43
e JAlsl FHZEHE NS E5T FA ERlS
| 2HE AAE EXFgoEN BEaler 34 gt
FHZHES Jallsie] % E 7RlAe] FAAY
3 A7 Aew AgdEn,
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Non-alcoholic steatohepatitis (NASH) score

Fig. 2. NASH score and histologic change of liver tissue by fermented black raspberry and red ginseng treatment in rats fed with the
HFHCD for 12 weeks. NASH, non-alcholic steatohepatitis. H&E stain, x400. **Values are expressed as mean+SE (#=8). Different superscripts
in the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple range test.
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ez AAE flste] S WY AlZ ¥ H&E A4
AAE T WA AALE WA NASH scoreS AA 815

el
Tl NASH score= HIEEA AWHAS sy gx2&d 7h2st
ol WEEHHl EAS A zefzE vepl £ 4
ZA 84 H4E Normaldt 0.3+0.49, IAW 1Zd|2=H)
g 9 CTL: 2.1£0.38, A=<l P 1.1+0.38, F4F
9 F#o] 1.9+0.690 2, BE=o} &4k 074049, HE}9}
4 HE FEE 0940380] CTLE 2.1+0.830] Wl n|u¢E
A7t folF o g v Yeigth 9 492 &
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FEThFig. 2).
UM XA 20| 5=

Leptin A WZZoA APAHo] Fog HujHes 28O
2 qUAZE A FHE o F leptin®] TE= F7I8EL, leptin
9] F&rt ASFE AT 2 ARLEo] iste] AEA|Ee] A
o] FojEA %E‘r(40). Halaas 5(41)3} Pelleymounter 5(42)<]
AT Aol W2 leptin®] 2EA B AR TV B
of vl tjEe] HRRRl AFENAN Tt FoHoE =A

velston, 2 A3 AFlME Normalol HIs| AW aEd
2HE @‘olﬂ;“d CTLAIA leptin®] &=7F 36% Fold oz 7t
g Ao R Hol AU A 3 %1 F7Hdol e ez
AdET FEHELRA P HET F oXdE oAl
%‘i%—"— YERAA] AW %%1}9} 4k R a4 e
FEEANXE 47 34, 55%2 940 4AES B, o=
TXPEP 4 BREFEEC] AW A 7] 7]l ZloR ¥
GE ohFig. 3).
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rkz-lkﬂ
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Azl FAALS Agsit). webA FASS] Five dT
A F=43)¢F SREBP-19] 24 (44)s e Zos aqxq

o, 8% FASY| HX+& Fig 39 7t} Normalzoll H|s} CTL
%t 28% ol ol 2712 Below CTLzo] Hls) EEAs}t &
b, BEA9L $4F @8 FEE FAwolA 47 645, 582%=
Aags BRI AW Adite] Ao 23k fARE
Az oz A3} &= SREBP-12 EX]HP IFYEHE Nol
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FAS?;‘.— AA A= AE 2452 DR g %’4 ATe EF F
AW F=, FAS ¥ SREBP-19] w3o] A3
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AAY 242 JAAZITH47) Rk Bak ollgl Wiz
4 =3p At Aeidte] 8% AW w2t Aozt
Hla] 2F20% A= FFASFI I FAS 2 SREBP-19] @ %= 9
2l A4S Bl A3AAFME8)E ° AFAFe} AR &L} o
oF o] & X]'Q]' 4, BEAe} 4 @hE FE2E FoojEe
At FAEAE Aoy I IFYZHE AolE F

49

_\:_,nlo



370 =221 Z 818X 4| 47 WA 3 E (2015)

a
= 190 abc
[}
E
S cd
% 100
§
=
»
[=15
< 50
0
Normal CTL P
120
100 a
_ow| b bed  bC
5
£ 60 d Cd
2
- a0
20
0
Normal CTL P F BR+RG BR+RG F

ab
bed

F BR+RG BR+RG F

200
2 a
[}
£ 150
2 ab
S
= ab
f=
§ 100 ab
4 b
s b
o 50
w
o
w

0

Normal CTL P F  BR+RG BR+RGF

Fig. 3. Effects of fermented black raspberry and red ginseng extracts on leptin and FAS concentrations and SREBP-1 mRNA
expression in hyperlimidemic rats fed with the HFHCD for 12 weeks. **Values are expressed as mean+SE (#=8). Different superscripts in
the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple range test.
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Fig. 4. Effect of fermented black raspberry and red ginseng on
fecal cholesterol excretion in rats fed with the HFHCD for 12
weeks. ““Values are expressed as meantSE (#=8). Different
superscripts in the same column indicate significant differences
between groups at »<0.05 by Duncan’s multiple range test.
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