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Abstract - Rubus coreanus has been used as a traditional medicine in Asia because of its various pharmacological properties.
This study examined the effects of protocatechuic acid (PCA), one of phenolic compounds derived from R. coreanus on the
lipid metabolism in high cholesterol diet-induced mice. A total of 30 male C57BL/6 mice were divided into 5 groups with
6 mice in each group as follows: (1) Control mice received normal diet (ND). (2) Mice received high-cholesterol diet (HCD)
plus water, 10% sucrose solution and treated daily oral phosphate-buffered-saline (PBS) of equal volumes through gavage.
(3) Mice received HCD and treated daily with 25 mg/kg b.w./day of PCA (4) with 50 mg/kg b.w./day or (5) with 10 mg/kg
b.w./day of simvastatin via oral gavage for 12 weeks. Body weights were measured weekly for a period of experiment. After
treatment, liver, thymus, spleen and kidney were harvested and weighed, and the lipid metabolite profiles (total cholesterol,
triglyceride (TG), HDL-cholesterol (HDL-c), LDL-cholesterol (LDL-c) and liver-damaging markers (GOT and GPT) in
serum were examined. PCA significantly reduced the total cholesterol, TG, LDL-c level and increased the HDL-c level.
PCA administration also significantly reduced the levels of GOT and GPT. These results indicate that the PCA could be
used as a functional material for lowering lipid and an adjuvant for the treatment of hyperlipemia.
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2012; Trapani et al,, 2012),

ZHliver)& @Y W FHAEE o A= oiA
- 2= Q3F 7)o th(Maxfield and Tabas, 2005), 7+ =
ZH[EO] A W thaRg o] oA o] FoiA|= 7o
2, ZY2HE o 24E 3-hydroxy—3—methylglutaryl
coenzyme A reductase (HMGR) E4J0] 2|3t Z&| 2 H|E0] AY
AT 7EAI 2] low density lipoprotein receptors (LDLr)
9 scavenger receptor Bl (SR—B1) =~8A|¢f| 2Jgt doH 1f LDL
%! HDL®| uptake 24, 74 Woll X o] Z| 28 thAf 28
of ofgt F5 o= vid WA T o= o] FofZt(Trapani et
al., 2012), @A AAEF A wA=A YA oz AREIL 9
= AAE 2k oS FYAHE T Al S5 2 ©A
A9 HMGRE Aok AEH (statin) Al SFEEA, o] o=
O] 28 712 A2 0] Ze|AHE A BAE Agfsk,
Z|2HE o Astel ot HAAE0 82 2 AA|E HY
LDL 584 77} S7Fslo] A= dF Ze2HE0] LDL &
A& Edte] 2207 o] FHE A& S7MIA B LDL-Z9
AHE $A1E A7 ]= Ao |thSimoens and Sinnaeve, 2013).,
Simvastatin, atorvastatin, lovastatin 50| @] 11X &3 R}
oA AL Qli= TR Q1 2B A of=ele), Teu, A
g7 oFE-& LDL-ZH2EEAU SALAE A7l
WA B, adkat, 18Y, TS, EHS S5 50
HA80] HA%EI QIth(Simoens and Sinnaeve, 2013; Cha,
2001), whEbA] Fglo] FARE-S st 3 4= QL MAEF
70 A7} Fof Qg HA4A Ado] o iz aL gtk
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E OA} 8% 50| BHaEdtHJung et al, 2007; Lee and
Choi, 2006; Lee et al,, 2009), ZL Kim et al. (2013)-2 v]|Ad<s
ERAL 35S WAL 01E AFI3E Aol 1457 Fofakel
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Protocatechuic acid (PCA)+= polyphenolic compound 2 A]
943 SIS} BT, S AT ol WiET o Aol
B, o, S, B, AL b e Tkl AEaA]
50} o] 750k AL, 1 ghgatol LA ot A1
o] 8-E (bioavailability)o]] thal SHAIZ <18l T4 A L= R &
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59| tJARA| =44 PCAZ} polyphenol AJE-21 oL 2} flavonoid
A 5o iR A YA o= Ao 8-Eo] wthe Havt
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d5 Ay}, ok any, FeAEsks W AgeA deko] tigt
o3k Zo] thA] A ZHE AL Itk Masella et al, 2012). Ju et
al (2009)2] d7tof oJshd B A} 22-E-2] phenolic acidso]|
+ gallic acid, protocatechuic acid, p—hydrobenzoic acid,
vanillic acid, syringic acid, p—coumaric acid, ferulic acid,
salycylic acid, rosmarinic acid”} 121, aqueous, acetone,
ethylacetate subfraction 5 TJ5-5-2] -2} Z0]|A] protocatechuic
acid®| gFeo] 7P wthal Hasiglet, webA], 2 Aol
7| Aol A HaE E@At FEE0A Uehtes 59743t
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D12336; Research Diet Inc,, USA) 2 10% fructose”} -5 2
5 T8I HKwang et al,, 2013), AEE-52] A2 th
S gk Al 7] EARE 7 (normal diet, ND), A2t 2
2Bl ol PBS oI, A3, 47 T dE o]
5! PCA 5= (25, 50 mg/kgb,w,) o, A5t IE e 2E1E
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Table 1. Composition of the experimental high cholesterol diet

High-cholesterol diet (#D12336) Ingredients (g/kg)

Casein, 30 Mesh 75
Soy Protein 130
DL-Methionine 2
Corn Starch 275
Maltodextrin 10 150
Sucrose 30
Cellulose, BW200 90
Soy Bean Oil 50
Cocoa Butter 75
Coconut Oil, 76 35
Mineral Mix S10001 35
Calcium Carbonate 5.5
Sodium Chloride 8
Potassium Citrate 10
Vitamin Mix V10001 10
Choline Bitartrate 2
Cholesterol, USP 12.5
Sodium Cholic Acid 5

TeJsto] EEe AASKL AAR oy S AR 5 st
oo ARESIGITE EHSRE Alm F50] 100w/ v) &] 80% ol
S 24N7HESE 33 =101 o, FEHS o TA](Whatman
No.3, England) 2 23] of¥}a}al, ojolS 3470557 (votary
vacuum evaporator, Buchi R—205, Flawil, Switzerland) 2 %<
o5 54 Axsto] BEA ofghe FEES AlEsIelh &
A 02T AL FE5= 1 g0l 70% veE} 70% obAlE1:,
v/v) &9 10 ml& 7Fsto] 2ol A 33] &5t FEde
Aetsto] g AlATE ok A1 mlE 7kste] 33] S=E513
o}, ohA] Rtsto] S AIAR tha Al ol ARESHSITE &
A A B HERo] 150131 0,5 (m filter S 0]-8-3}0] o33t &
BAo) o] &3l on, EFEZ protocatechuic acid (98%
purity, Lot No, S35588)+= Sigma—aldrichAHSt. Louis, MO)
oAl -QJste] HjghEo] =of FA o] o]-8-5t3ir,

HPLC A= Shimadzu LC-20 (Japan)E& AMESFS.0H

column-< reverse—phase column (Synergi Hydro—RP, 4.6 X

-273 -

250 mm, Phenomenex, Torrance, CA)S 0|25t} A&7 )=
SPD M20A DAD detector (Shimadzu, Japan)S ©]-8-8}] 254 nm
of|A TGS SABI3IL 0E /-2 solvent A (50 mM phosphoric
acid $>8M)2} solvent B (100% acetonitrile) 2 AR5} 15%
B (3042), 50% B (60, 100% B (708) 2] 7] 2712 44+ 1.0 ml/
minolA] 15 Hk BA3HA)

39| Reo A5 L AVNFA &3
APEY SRt oz RE 53 AL 3,000 rpm

oAl 15 14 Col| ] YAl Eelato] A& Hels

Aol gk AF-2 15000 A Z431oct Aol

Tl 3 A 12 A7EE3E AAAR] B o H| 25 o]-85to] 59

R A7) oy B st o 2 5 E A AfHskaL, A7)
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McGowan et al, (1983)9] WHlol ko] 2A1H kit (AM
1578-K, Asan) 5 AMg-5to] ARskglth, g oA aaxalof
(lipoprotein lipase 10800 U, glycerol kinase 5,4 U, peroxidase
135000 U, L—a—glycero phosphooxidase 160 U g-8)2S a4
Aok 2398 [N, N-bis (2—hydroxyethyl)—2—aminomethane
sulfonicacid 0,427 g/dl g-&]of R-3l3t -gHof| A= 20 uloj|
ZA3E GAA N 3 ml-E H71et & 37°CojA] 10 E-7F incubation
5o Alof blankE th2 2 97 550 mojl A S-3 =5 575K
o 2 Auile] 2510 8% e ng/dl2 EASAL,

% cholesterol ¥ &4

Richmond (1976) 2] & AxRof| &Jato] 241 H kit (AM 202-K,
Asan) 5 ARGt} ARSI WW/dolA A 9Hcholesterol
esterase 20,5 U/L, cholesterol oxidase 10,7 U/L, sodium
hydroxide 1,81 g/L -2 T 4A]0F-25[| 0 (potassium phosphate
monobasic 13,6 g/L, phenol 1,88 g/L &-&) o] |-3}3F -&-Hoj|
A& 20 nlof) 2AE A0k 3 mlg H7F ek $ 37ColA 5 &
7t incubationd}o] AJ9F blankS o &2 14k 500 nmoj| A S5
EE SA5oIr #2 Aol Edt] EF ek mg/dlR

ENLEE

HDL—Cholesterol 52| &4
Noma et al. (1978)2] FEAK o] &Ja}o] ZA|E kit (AM 203—
K Asan)E AMES10] ARdatSict, @4 20 nlof] 2734 |9Kdextran
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sulfate 0,1%, magnesium chloride 0,1M -3 0.2 ml-& 7}5}aL
2 T35 5 42041 10 E7HHA]8EIL 3,000 rpmof|A] 10 £
AlELe] Blgitt, L AFZNS 0.1 ml Falo] FAAN 3 mla}

2 33k50] 37 C o)A 5 E7F incubationdle] A2k blankE T
z2 92 500 nmoj| A ZLEE 25 B2 Ao &
Stol 71 Q1S mg/dl 2 FEAST

7+

r*°

LDL—cholesterol 32 &3
Low density lipoprotein—cholesterol (LDL—C) &=F2
Friedewald et al, (1972)2] ¥ o] whe} oh52] Alof 2Jste] Al

=319t} LDL-C = [ZZ|AHE2F — (HDL-C + Triglyceride
9] ¢¥/5)]

GOT, GPT &4 B4

Reitman—Frankel ©] &4 (Reitman and Frankel, 1957)
of &Jate] A kit (AMI01-K, oFhE ARg-3te] AddstaL,
THA . &40 WA s o] Q1= GOT (glutamic oxaloacetic
transaminase), AST (Aspartate Aminotransferase), GPT
(glutamic pyruvic transaminase), ALT (Alanine Aminotrans—
ferase)& ELISA reader® Z743to] E4s1lct WA GOT,
GPTS 7|:8943 1 mly 511 37 5 270 gt the o
2 0.2 mlE 7}3ke] 37°Col|A] GOT= 60 £, GPT= 30 E-7+ 4]
311t} Dinitro—phenyl hydrazine 28 80881 mlA 7}5}o]
Al L0] 20 E7F "HHA]81AL 0,4 M NaOH £ 10 ml ¥} &3}s}oq
10 270 AR TR B 2 et ol o] ALgE BT
12 84 trans—aminase 244 A|OHolAY) % kAL AjoF

Q-

=

Kl

£5 RV YO, 9] Azl
p<0.05, p <0, 059]‘ p { 0.01% Student t'-testS A3t
asks wAsIe
R
B8 2289 PCA §F 24

5323 0% o[£k 75 E2) POA G148 HPLO 240
o]-g3o] 1HE3IT. PCA BEEH2 2.5-50 mg/ml 2] 5o
A] HPLC chromatogram= 4o] 7} o] thst uj3 WA o

Qom 0|71 7128 sto] A YL R 3
A& AIsIArHFig. 14), EE=H ¥
9|3 Fig, 18] Wb A3} gon, 38] 5% 6}04 PE+E
QA2 e 23 PCAS] 9Fg-219.73 £

ERStL

PCARClo] |3 nZd| 282 Mol gFie] AF Hsh
PCA 25 % 50 mg/kg b, w. /day 2] -8 L= 5]l 7 7o
alol A3 Az RE 15duich S, Y R
A A|EL 243190t HAARE Hol AFoAl= FAFH o
2 55717} doftot, 1977te) DB LE|E AR
o o3 A PZo] HkE APFROIN A %431_&
Z7151A] ekokom, PCA Folata}l OFA T R simvastatin 1L
8% A2Ae) ol M HFE7t Lojub gkl
(Fig, 2). ol2iet ATk nael| el S ol 2e] AR
8070 2 Z7|5}A] &L A} THo] 1o, An ef al (2013)
o] AT = LEe2HEL 125 oA AFIE AHeIA A
Aprjoloh gre] A5 740} o] 4] T4g Busklrt,
An et al, (20132 AFH3E 185714 Z24atg=] 4]
ojgto] 185 7HA] A&AQ AFS7HE Hel whdof|, 12
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Fig. 1. (A) Calibration curve of protocatechuic acid (PCA) and
(B) HPLC chromatogram of the protocatechuic acid (PCA)
and Rubus coreanus Miq. 80% ethanol extract.
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Fig. 2. Effects of protocatechuic acid (PCA) on the body
weight in mice fed the high cholesterol diet plus water, 10%
sucrose solution (HCD). Body weight changes were measured
once a week. The results are mean + S.E.M of triplicates from
arepresentative experiment (*p <0.05 compared to normal diet

control (ND)).
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AZE AFE7 el ek m|FIThaL sl an, o] gt o] &
Aol ARE-E LFH AHIE Ao] 2o A A A 02 =5}
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SHE A3IEke] T Rolrl omm At Aloftol| et 2ol Als:
717} GofuA] p=rtar A stglth(Shankar et al., 2010),
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Fig. 3. Effects of protocatechuic acid (PCA) on the weights of (A) liver, (B) spleen, (C) thymus and (D) kidneys in mice fed the high
cholesterol diet plus water, 10% sucrose solution (HCD). The results are mean + S.E.M of triplicates from a representative
experiment (##p <0.01 compared to normal diet control (ND), *p <0.05 or **p <0.01 compared to high fat diet control (HCD)).
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g0l BRsHA o]FofAaL Qlrk
(Trapani et al,, 2012), A& thALe] QlojA 7t o] &jof e a1ge]
2HE 5ol ofal] YAsk= WY 710 &4 E Ale] &4
o] Haw| 11 Qlrt, FH|AHES Hzto] Bl B|th 714
FY2EEY FATt =2 A 7o) otk A
A7t BuE QIckBuja et al, 1979; Scarpioni et al.,
2012), olof| & Aol M= LY AH|E EFol thek PCAY| &
of 7} A thAre T =8 7191 7F, W, A, A 5
AR} vl A= PRk S5k
& A 2EHE Qs HHA
AE Bt eElr A7 FEAR o
of ofaff 24 F4gt 4l 9]
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= 2—
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=
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Fig. 4. Effects of protocatechuic acid (PCA) on the plasma
levels of GOT and GPT in mice fed the high cholesterol diet
plus water, 10% sucrose solution (HCD). The results are mean
+S.EM of triplicates from a representative experiment (“p <
0.01 compared to normal diet control (ND), *p <0.05 or **p <
0.01 compared to high fat diet control (HCD)).
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Table 2. Effects of protocatechuic acid on plasma total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol in mice fed

high-cholesterol diet
Group Total cholesterol Triglyceride HDL-cholesterol LDL-cholesterol
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 127 + 7.30° 24.67 + 3.93 104 + 1.32 18.8 + 2.52
High-cholesterol diet 248 + 5.13 55.5 + 4.66 94.4 + 7.68 171 + 2.63
HCD+PCA 25 mgkg 244 + 490" 5233 + 1.15° 98 + 4.30° 167 + 6.11"
HCD-+PCA 50 mgkg 232 + 5.117 51.66 + 4.04" 106 + 8.50" 162 + 2.39"
HCD+Simvastatin 10 mg/kg 126 + 3.13™ 29 + 5227 120 + 4.317 257 + 5217

“All values are represented as the means = SEM (n = 3). *p<0.05,

o] Fol7} @5]¢ LDLO| % srE LI LHE Aot 2
Hep S7HAZl ol gt Anfeh= ge] PCAS] 1253719 47|
Fol= T AHEST TG o Bap L f-o4Q s

Bl 7]= SFA|RE simvastatino] B|ste] m]H|g ¥, PCA=
HDLY| %2 227, [DLS Wt HDL 9 LDLY] F3S &
AN 7]=d A 2 Vel o] gh Ail= PCAZF E
% HDL % LDLO] 35 /0= S EAAZ O =M 51743}
9 AE A Al s Yehd 7hs s A Bt
oz}, PCAZ} Al 9 oFE simvastatin®] A7] £olof tigt &
s Y ARG tisto] A HekaRl o ® ANE = 9le 7he

‘g& Hehdich

)

Z]Q%% AW A Z el o) o] A E5:2] o]
$02 gobd ARA, Aol 12 ol o

H’SW | G o] Bro| il Zoj 2| A HHA T EEE,
Wk W43 50 AR WL Yol P, B 4
oAE LY 2EE Aol IAEFE F23 AFY 5=
oA EEA} 2259 S-a4E2] protocatechuic acid
(PCA)E 77+ Fol5te] PCAS) The) BT aufel 22 thakel
& WSS EAgRo =M PCAS] IAE S A ol thet £-2121¢
WY AE AAIBIGIH. PCAY] Fol= AZE 2HE Ao

O_L4
fhl
3

(i

R

E_‘

=

ola} 71 A 27}, BIARLA| L] 27} FAQ] &, A1Ake] 9=
5 71 AR tete] Bl& anks By, d4 W A=
£AF kA GPT 9 GOT9) 31 a5 Yehliglon, &34 )
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