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ABSTRACT

Background: This study represents the first report that the anti-obesity activity of ethanol extracts of Aronia melanocarpa can be
enhanced through ultrasonification at a frequency of 120 kiiz at 60°C (UE).

Methods and Results: The amounts of cyanidin-3-O-galactose (cya-gal), a major anthocyanin in 4. melanocarpa were higher by
up to 402.4 mg/100 g, as compared with 221.4 mg/100 g and 322.1 mg/100 g, for hot water at 100°C and 70% ethanol at 80 C
respectively. This result should cause the higher antioxidant activities of the UE than extract of hot water and ethanol in DPPH free
radical scavenging. It was confirmed that the high antioxidant activity of UE could play an important role in inhibiting the produc-
tion of proteins related to adipocyte differentiation, such as peroxisome proliferator activated receptor-y (PPAR-y) and sterol regula-
tory element binding protein 1 (SREBP1).

Conclusions: Ultrasonification at a frequency of 120 iz at 60°C should result in better anti-obesity activity than that observed using
other processes. It was also observed for the first time that the anti-obesity activity of 4. melanocarpa was associated with its antiox-
idant activity, possibly due to the higher elution of intact cya-gal, owing to efficient low temperature ultrasonification extraction.
These results could also be applied to improve other biological activities of medicinal herbs that contain many types of heat-labile
bioactive substances.
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F2go7 TE FE, BUS, HEF, AN 2 A3
H|FES ol x]e] 3ol vlsl] An]Eko] Yol Auje] x|Hto] frete ARIZE 27 BE ATk (Yoo, 2008). AR F-2H8-2
I SAEE AR ot S st 2 9¥ Hast & e YHOE HAES o83t XA N
Jo] Rzt k. HIREE: 7H715e] o3 A, d%, Wl o] AES 7]%o)3 Ut} (Rayalam et al., 2008).
H] golf, 18}, AT, AP AAES, 28 Iy 59 H|vhe W] eha] Axol|A AAIEL] Fris2o] gk A

o

7h F oAb Agke] F8 ARleR FS|A Ut (Attie and o2 dHA Ut AWZ2 adipokinese|al = AAE
Scherer, 2009; Lowell and Spiegelman, 2000; Barstard et S ®2H)5l glucose thA}, A8, A% 58 XHdE 9IS
al., 2006). ©|21st vTke] Ao Z Q5] Higtel tigh | sk, olgfs AWAIEr s F2sH W MAE U
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Avo] FA ol wet 7+ dgke] fijlo] Hrh
and Enerback, 2006). ©]&13t o]F-= A|WA|EQ]
S Ak AE-2 IR SAIE g 3l
& 4= 9t} (Rosen and Spiegelman, 2006). T3 H|FH A
= #3}740l 9lo] C/EBP, PPAR-y, SREBP1 52| ZARI
2F=9] W] FTkeb WEE HARIARE AHAIE E3lo|
Hojsto] HIwke] F@ gk le] #r}h (Kim and Park, 2002;
Horton et al., 2002).
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A #do] Qle=|, AAYAE=
A E2 £33} Alo] NOX (NADPH oxidase) 52 AHa}
gao] o] Frtsle] EPARTS A HTt (Lee et
al., 2009). ol WS AT HTRE BIE AW 7}
T 2Ags 2N F Aok (valko ef al., 2007).

olZYo} (dronia melanocarpa Elliotys vl &3l=
HE|/RE2A Fopel7lll A 2pdste Zom deld ok
(Tanaka and Tanaka, 2001). o}2Uololl= Holtk ikst &
=2 2 G FEAOPI S HESle] 1 9fof FefRol=
o] 71er o2 AAEEC vlsl] v =] o, it
3l HEsl] ¢, 9 B, 395, Weae ¥ L &
S, UV Fo] oeksk Aejgd a3t okl B bp
St} (Slimestad et al., 2005; Li and Jeong, 2015; Ohgami
et al., 2005; Kim et al., 2014). o}2Yo}e] o] 3t A2jed
BHE Farsted, dAdirk]el 7P 2 AR o M

gl Tjat olzuole] AETE BRlsigon, AL 28w

FAL Edst] 249 S31E waAk ST

259 AYe 52 JsuvRe 34 sk T
(cavitation)©. 2 13} S AR/} FE2& US &
olalA ste] ofZuofe] AAEAQ] MEAOIIS] £ &
oS = & oW (Chung ef al., 2000), A F5& 1
oA =7 5 tEAOP AR &S Bkl 7] o
ol (Huh et al, 2008), =3 A2 FE2HS TYsto] <
EAlopde] 9@ E FHAslstaral sk, ofZ ool g
cyanidin-3-O-galactoside (cya-gal)S H]53F AEAJOPILS g
kel gate B8 |t @50 e A3 A3l 9o

(Wang et al., 1997; Jayaprakasam et al., 2006), °}Z1 o}
& QtEAlolde] &28S Jis) Shhd o2 o} FEE9]
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HrHo 2 W ER)7]o (d’Alessandro et
218} sl 259
o A 2 37 gl
w9l 60CE 3l F
7] FEHES sYsHA A
g3 Buile ES ARSI 1001 7+ ZANN FES
2183t (WE). ZHzke 2
AHEEE] ol 314 ZebE 7] (EYELA N-1000,
Tokyo Rikakikai Co., Tokyo, Japan)Z 3| =% H, &
A7AZ7] (PVTFA 10AT, ILSHINBioBase, Dongducheon,
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2. 02Ut FE2 & CHEAOR

olZuo} ghf QFEAJOPA]] cyanidin-3-O-galactoside (cya-
gal)?] FFe s ARA=rRETH ] (HPLO)E o8-8l
=33 on, olZyol A4, 70% ek, 239 70% ol
& FEEF AE EZE cyagal (Polyphenols, Sandnes,
Norway)S =743t vlx EX3FA9 0 (Brunlich er al,
2013). ¥ Ao AF&E HPLC (U-3000, Thermo Fisher
Scientific, Waltham, MA, USA)<= Jupiter 5u CI8 3000A
(150 x4.6mm) AP A& o]lEd &vle= (A)
HCOOH-H,O (1:9), (B); HCOOH-MeOH-H,0 (1:5:4)¢]
HI&Z2 3slo] (A) 100%014 A7 0-23, (A) 30%, (B)
70%14 2-2058 F7F (B) 100%014 20 - 228 -7+ Z22]3L

skek =X
oo o

(A) 100%01A] 22 -24% 7+ S743F30th. HPLCE =33}
71 A AEE= 045 m BEE o] &3 o7} slon, &4

0.8 m/min® 2 AA3IaL, ZEe] 25 30CE X8Itk
HPLCY ZErE7#:S 520 me] 3pgox ZAsle] vjai
Aslon, SAste] A AZrETY Y] areas o]83 7}
FZ 5 3t standardS! cya-gal®] S TSIATH

2t FE20| ehlkls 53

olZuo}l FEw2] ksl as 7k= DPPH (o,a-diphenyl-
B-picrylhydrazyl) free radical &4 4oz Qs oH,
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Dietz=-2] ]—I:H

2005). ©}Z1o

,
W ¥,

S 3T (Dietz et al.,
H=Z 96 well platedl] 150 0
0.1 mM®] DPPH S 150 b go] EgAZ1
Tof| Ag2ellA 308 FUL ‘3‘{% Zpste] Whx]gk & microplate
reader® 517 nm IFol|A S 243t DPPH radical

scavenging activity (%)= 1/}15}14]0% o3t}

H=
= e}
P FEES %“E

DPPH control OD — sample OD
radical scavenging = x 100
activity (%) control OD
4.2 FESS0| Y HZ ZolE =

AFEshE 2742 3T3-L1 APTAES AMESle] AES
APsigict. B3e] fee dd APATE FaLsle] 43S
YA (Lee et al, 2011). AAFME 3T3-L1S

DMEM HIR|E AM2-31] 10% calf serum3} 1%2] penicinli

Ero

71l 6 well plated] 1x10°cellsiwell A|Z 7HE Hof
5% CO, incubatorll Xl 5¢ <t HlFSS HjF =

0.25mM2] 3-isobutyl-1-methylxanthine (IBMX, Sigma-Aldrich,
St. Louis, MO, USA)¢} 1pug/ml ] insulin Z& 3 1 pME]
dexamethasone©| ¥+ ¥ WiAE wA|ste] 29 F<t THA]
=39 29 & 1wyl 9 insuling EF3E
DMEMHIA 2 Zolar 29 o wjest ¥ ofuwgh A% 3
A %2 DMEMHIAIZ Zo} 42 5%t ThA] mljofate] 2wt
Alzo] E3kE fFEskiTh
A EZe] FIEE RIS £131e] Oil red O FA
AR on, 7IE AFE Faste] 43S dPadnt
(Park e al, 2013). %8} A7) 3T3-L1 AMEA7HEo) A 1)
A& AASL MAg T 10% formaldehydeZ M*¥E 3L
AA1ZI & PBSE MFSIATE M2 Fo Oil red O 4o =2
30 &< EAS HePstal 30i ¥ SRTE AFRS Az
A1Z1 F el 100% isopropyl alcoholZ Oil red OZ HA1#
ATFE &Skl 510 nm 2PFoA FEEE S786IT

o1-=

5l =

=

Ay

[e]

5. K|UIMIZ25} 2121 CHHE! ulsiap =N

AA|E FARE 2d Feleh oA ste] AGAIE 23}
ZZIA]7]+= PPAR-y (peroxisome proliferator activated
receptor-y)2} 31 PPARyE XA 3= SREBPI (sterol
regulatory element binding protein 1)2] &2 western blot
S E3 gelstdTt (Choi et al, 2015; Camp et al,

=

2002). AATFAE 3T3-L1o] #5 € 6 well platec] o}=
Yol &S %‘Eoﬂ el 2g)stent Aalste] 32 Eot u)

o¥st 3T3-L1 A|ZE PBSE A3k FHo RIPA buffersS At
g3t 723} SPME]-. 2 % 10% sodium dodecyl sulfate
(SDS)-PAGEd| #2]3}22 PVDF membrane® & T AS

OJAIZTE. L Zof| 5% skin milkE 23} H|Eo|H whE
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|2t gy

o blocking & ol 12} x| (PPAR-y, SREBP1)E 4ol
A 12417 ¥Eg-A171 Fo HRP (horseradish peroxidase)”}
3 23 FAE WA Y 2 F immuno-positive bands
+ enhanced chemiluminescent®} chemiluminescent detection

systeme &3l A7ttt

6. 2t FEZ 20| 0[R20 ME ¥t
In vivo AEL E3f] ol2Uo} FEE-9] vt ga= 3l
32} skTh 5573 C57BL/6N 74 mouses 157Y &

. (€]
ko] g 712 AN

S AN F vk AR Q) thjols) v)ek
RES AT LAPHolE Folsta Aol ofziioh

FEEE 45 7 7T ST A1E 717 9 mouse®]
Ass SAA 715ste], AT 2 Asustel dig 5
208 SR A 0 &} 37 Ao digk SRS g9le)
ST}t (Yoo et al., 2015).

7. AR
RE A9 oy FAAeEE 33 wEsisien, gk
F A= SAS (Statistical Analysis System 9.2, SAS Institute

o

Inc., Cary, NC, USA) 2235 F38lo] Fagks 7] A

Ak M7k Ha fo] 752 A= p<0.052 FA
A7 3T
2o 9 D8
1. & 3HY UEA0I et slol
z} FEE =29 olZUYo} (dronia melanocarpa Elliot)
FZE2] HPLC chromatogram-g— Fig. 1914 gRlslioem, 7}
peaks A3 FAH cya-gal®] FHS Table 19 VERAALE.
O}EL]O]-OH -?‘TE] QFEAJob cyanidine cya-gal <ol %=

cyanidin-3-O-arabinoside, xyloside, glucoside®] T o]0
o, 2F 2,000mg/100 g (dw)2] cyanidin 5 cya-gal®] =]
oF 1,300 mg/100 g2 65% ©]4S X g w1 9
cyanidine AR o g 1 Shego] o] Ao st ¢

pad

3] 4

Table 1. Cyanidin-3-O-galactoside contents of the extracts of
Aronia melanocarpa Elliot from several different extraction

processes.
Concentration
(ng/100 g WE EE UE
Cyanidin- 51 4 41374 3221 £ 2038 402.4 + 18.1C
galactoside

*Means within a column followed by the same letter are not
significantly different based on the DMRT (p < 0.05). WE; Hot water
extraction at 100 'C, EE; 70% Ethanol extraction at 80 C, UE; 70%
Ethanol extraction with ultrasonic process at 120 kiz and 60°C.
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Fig. 1. Comparison of HPLC chromatograms of the
extracts from different extraction processes. (A);
cyanidin-3-O-galactoside, (B); Hot water extraction
at 100°C (WE), (C); 70% Ethanol extraction at 80°C
(EB), (D); 70% Ethanol extraction with ultrasonic
process at 120 kiiz and 60C (UE).

< Z02 AIREO], cya-gal®] S SRISIATE (Oszmiaski
and Wojdylo, 2005).

A5 FEES 2214mg/100g, 70% o
322.1mg100 g, 223} 70% oS
o2 44 FF Huhe e F
golatm, 253 M 8ol
ole} 22 A= 233 A<

T U=

== 0

FE= 4024 mg/100 g
EA cya-gal®] £F0]
EE R + A

FAUAR Qlet] F=
ATFE ASsien
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(Chung et al., 2000), =1 =2 §5%F0] TXHE UQEA|
old cya-galell gt ksl 9 MY B0 TS FRIs)

A} ST (Fig. 1, Table 1).

FE29| shitst &M dlw
AF3 BAAAE (ROS)Z H]
F7HoR FEEE ol2Yol FEES] s}

DPPH Atttz 7502 RIS (Fig. 2). ZE Al
oA sreolEHom EHo] I, EF FE2 7Y

=<
F2 T 62.56%, e FEES 67.63%, 2o A

whe] el o
P3e

=
y
[e)

28 FZEL 70.81%2] AL vt o9} e A
I PIHETS ascorbic acid®] 89.03% BT} TR e

FRlelt). 23y, TY ] QtEAloPd gk HA T
ksl asol 60% olst=E BaE Ao} vlwEH (Kim er
al, 2011), of2Uole] =2 ksl aits 18 & QU
W Fol 229} 70% olehe FZo] ofZU o}
FEF o] ksl SHL =Y
o2 Helth ksl ajol| ol 2 U

>,\l

=z

Z 3l cya-gal®] o] 253 AT Z Qs
Ho™ (Wang et al, 1997), X% cya-galZ <lsl] o=
Yol F&E9] a3l a3 T3k molxl Ao g Alg¥ETH

otE

3

\

10000 - m0.3 mg/ml 30.6 mg/ml ®1.0 mg/ml
90.00 - +
80.00
g @
7000 - ¥ 8
%
o 6000 -
£
=)
§ 5000 - B
§ s Aa
@ Aa
T 4000 -
£
<
T 30.00
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o
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WE EE UE ascorbic acid
(01 mg/ml)
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Fig. 2. DPPH radical scavenging activities of the extracts
from different extraction processes. *Means within
a column followed by the same letter are not
significantly different based on the DMRT (p < 0.05).
Mean with difference letter (A-C) within same
sample are significantly different and mean with
difference letter (a-c) within same concentration are
significantly different. WE; Hot water extraction at
1007, EE; 70% Ethanol extraction at 80°C, UE; 70%
Ethanol extraction with ultrasonic process at 120 kifz
and 60C.
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3. Ol2Ujo} FE22| X|WH2M|Z| Z3l< H|w A3} (Lee et al., 2009)¢} w9 2HE Avto] 9SS &+ 3l
F= Wl olZYol FEES] AEsleiAle] gk €%t} (Fig 3).

< 3157 f3te] Oil red O FAYS T8 AHFAE

3T3-L1o] thet B3AES gelsigion, dME x4, SHY FE2O| X|WA|E 231-H CHHE UGs12E dlw
AR} 1o e S-S ERIS A3 (Fig 3) Z& AR AESIA E 3T3-L19] AUAEES 22 A% PPAR-y}
A srolEd o AUAE HlelA 35 vehdS 91 SREBP19]] thal ol2Uo} F&E-20] oA %S st
g AAJT FE2HY FTolMe M =2 wxolM g4 (Fig 4).

FEE A a3t P wken, 259 A S 70% AIAAES AP EES ] =8 F= AREA, °l5
NehE FEEOAM tE FE2E vls 7P =2 AAlE o il WS AU HH PPARyS EE AROA T
123} QA 232 Yehhdth 4719 A= S8 AAE oz o] ZojE0LY, 400 ugml 9] FEOIME

13} Aol = ol2Yol FEE T 227 AAE] ¥l 7B EF IEER e AL IS o9 e A=
A3 Aoz R, AAWA|Z7F AAHERE 2313 o) 400 pg/ml oA ZAO 7 9lale] wHeo] FX] ke Zo 7 A}
PPAE A= 7129 AE Farsd, A719] ksl 5E5W, PPARyS] A= 200 pgmb oA 7Y Gt 25
g4 Ao} AuPATAE 3T3-L19] Baw Il 7|1& A Ao g HekH}

(A)

B) _os-

50 pg/ml 100 pg/me

Q
200 g/ml 400 pg/ml & &

WE
©

1.254

D)

1.004

0.754
100 pg/mé

Qil red O intencity(O
[
g

0.00-

200 pg/mb 400 pg/mb

EE

B )

-
o
J

-
o
1

50 ug/ml 100 pg/ml

Oil red O intencity(O.D)
g

& & & & s
200 pg/ml 400 pg/ml @"é & a&“"é N

UE

Fig. 3. Effect of A. melanocarpa Elliot extracts on adipocyte differentiation in 3T3-L1
adipocytes. (A), (B); Hot water extraction at 100C (WE), (C),(D); 70% Ethanol
extraction at 80C (EE), (E),(F); 70% Ethanol extraction with ultrasonic process at
120 kiz and 60C (UE).
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WE EE UE

CON 50 100 200 400 ug/ml CON 50 100 200 400 ug/ml CON 50 100 200 400 ug/ml

SREBP1

Fig. 4. Effects of the extracts from different extraction processes on the expression of the
adipocytes differentiation related proteins, PPAR-y and SREBP1. WE; Hot water
extraction at 100C , EE; 70% Ethanol extraction at 80C , UE; 70% Ethanol extraction with
ultrasonic process at 120 ki and 60C .

SREBP19] 7Z-%dl= Gt 70% oerse vEEor] gR2 27 AF 295 AT VS giske A ¢

AAEHE YeER O, 2T 70% olehE: FEE2 Hoh F dom, gizold] g aA A oloA 0-3F F

2o FEQl 100 sg/ml oA SREBP1S] 9A 37t 7 £ € FAIA AFSS7HEC] O =2 AS I F+ Ut

o AL T A7) AHE BE, ol2Uo} FE2E F (Table 2). ZA YA o]ol] olFLo} FEES TR ol

AN Zmat WA 70% e FEEelM 2 oA B A 27 A= 100mgkg s AHT ZelM AR
i, 353 2

1
7v 7P =7 ek o B e A & F e 2lM= A =
ol¢} 7+ Ahe ¢HEAJolde] PPAR-S} SREBPIS] 2&  7Rgo] T F7leke AL A = ATk 200 mgkg 2
= ARl tig 712 A5 @IENE W (Kao er
al., 2009; Hwang et al., 2011), 23} &= <8 SHEA] .
opde] 85%o] 27151900, 0|2 <1s] PPAR-S} SREBPI e .
o gAlgFo] FXE AR & F oy, B4 Fol/dd ” i Control @0kl
}\:1"13' _,O_T‘)—]E:] 1 :g__s_o] 7\:}&—-7\5_]_' Z—l——i E.o}' Hm_ Oﬂ EHSH _‘é’:zo @ High fat (60kcal)
) s BHigh fat+UE 100 mg/k
7180 A7 FQF Ao JAHETH (Fig. 4). %-15 lHithaHUEZOOmg/k:
® 10 B High fat+UE 400 mg/kg
5. M2 =31 FE= 40| 0929 AIS Pst s
In viro AFNA 7FF a7 £& Ao=w AgEE 28 .
I} of2Uo} 70% oe-E FEES 45 7k moused] AT F
osle] AEHEE ARSI, A 0FxMl i AE 2 Fig. 5. The changes of the body weight of the mouse fed
oo 3o . o wms ) with the extract from ultrasonification extraction
AFel S7HS BRlete] vl viskE-S AFsIsiTt (Fig. 5, process. *Means within a column followed by the
Table 2). same letter are not significantly different based on the
e DMRT (p <0.05). Mean with difference letter (A - C)
LA olollA] ofZ Lo} FEES HAS ), viF ATl within same time are significantly different and mean
Z7ket AL le = Qb A7) Adel] wet 100 mgkg with difference letter (a - ¢) within same concentration
e 1o 10 _ are significantly different. UE; 70% Ethanol extraction
M Agel 7P 7P AL A A0 4 9l (Fig. S). with Ultrasonic process at 120 ki and 60C.

Table 2. Increase rate of the body weights of the mouse fed with the extracts from ultrasonification extraction process (UE).

Increase rate (%)

Week Control High fat High fat High fat High fat
(10 kcal) (60 kcal) UE 100 mg/kg UE 200 mg/kg UE 400 mg/kg
0 0 0 0 0 0
1 9.20 + 0.54 21.70 £ 0.72 14.40 + 0.34% 18.63 + 0.33* 16.06 + 0.40°°
2 3.87 £ 0.60 10.04 + 0.58 5.26 + 0.48% 9.45 + 0.43% 10.00 + 0.73%°
3 4.87 +0.63 9.54 +0.70 12.41 + 0.94% 7.07 + 0.54° 6.65 + 0.78%

*Means within a column followed by the same letter are not significantly different based on the DMRT (p < 0.05). Mean with difference letter
(A - C) within same concentration are significantly different and mean with difference letter (a-c) within same time are significantly different. UE;
70% Ethanol extraction with ultrasonic process at 120 kitz and 60°C.
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400 mg/kg oAM= 25 2k 100 mgkg Br} 2 3= Ho|
A gkont, FaF HE AT F7HFe] ASSiA ke 7
s B3tk ¥ 0-3F 7 SRS EH, 100 mg/kg oA
33.98%= 200 mg/kg 9] 39.02%, 400 mgkg 2] 36.17% HTi=
o =718S "ol 100 mgke Q) F571 B % mousedl
A galek G50l 7P £ A0R ALRHL: olsh ke Az
£ 59 ol2Ujol 2EEe) AT IS Hglon, 5
263 A2 ool 2ago) VA o e A5
S (Fig. 5, Table 2).
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