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Antiobesity Effect of Mixture of Black Garlic and Garsinia cambogia
Extracts in 3T3-L1 Adipocytes and L6 Skeletal Muscle Cells
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The antiobesity effect of the mixture of black garlic and Garsinia cambogia extracts (BGG) was investigated by

measuring the Oil red O staining and the expressions of adipogenic genes during preadipocyte differentiation by real-time
PCR in the 3T3-L1 adipocytes. BGG reduced contents of Oil red O dye in the 3T3-L1 adipocytes. mRNA expression
levels of SREBP1c, C/EBPa, aP2/FABP4, and PPARy which are adipogenic transcription factor, in cells treated with
BGG were also significantly down regulated. Also, the phosphorylation of AMP-activated protein kinase (AMPK) in L6
cells was more increased by BGG. These results indicate that BGG seems to be more attractive compound for application

of industry than individual extracts such as black garlic and Garsinia cambogia, considering it has two effects not only

inhibit the preadipocyte differentiation but also activate the phosphorylation of AMPK unlike other two compound.
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SOD (superoxide dismutase) &t £A
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INC., Japan)= A8l S743}IU) (Jang et al,, 2008). Al

Y e Al wet 3 Fﬁ‘oui g 5
HEAZE o838k 560 nmoll A EHES 54 5 olge}

#J-S SOD assay kit (Dojindo Molecular Technologies,

Zo] SOD &S Akt
SOD (%) = (1-(A-B)/C) < 100
A: xanthine oxidase A|2Foll A& M7} & SHEE
B: xanthine oxidase A2} tH4! blank buffer X7}
FE A

C: xanthine oxidase A2}l S/ A7 & &3w =4

H
l

XYM Z =2t MRS flet M=ZF I Al

3T3-L1 preadipocytex= American Type Culture Collection
(ATCC; Manassas, VA, USA)oll A -3} T} Dulbecco's
modified Eagle's medium (DMEM,; high glucose 4.5 g/L), fetal
bovine serum (FBS), bovine calf serum (FCS)+ Invitrogen
(Grand Island, YK, USA)°l A Q43T AFS-H Auk A
°F=-2 Sigma (St. Louis, MO, USA)°ll A bioreagents 2 -
wfsheict,

3T3-L1 preadipocyte2| HiQF

E Aol A5 3T3-L1 preadipocyte™ 25 mM glucose,
10% FCS, penicillin/streptomycin®] ¥ DMEM Hj| %]
oA 37C, 5% CO,, 100% == FA1 %= v 7)ol A
A3k T}, Preadipocyte®] 715 4387 $1ste] oF
60% o] sl MEE 3]ate] Al &k
th Al ds 918 A2 39 trypsin-EDTAE A
gsto] AEE vpeel A skl

gk 3T3-L1 XIUTFMZE YEEQ

CCK-8 assayE 0|2
=]

FEEES /‘ﬂﬁoﬂ 12]3t % cell counting kit (CCK)-8
< ol&ste] FEE| AESES B SkGIH 3T3-L1
AEZ 2.0 X 10" cells/iwell®] F%=7F %25 10% FBS
containing RPMI 1640 HHX] o #¥ste] 96-well plateol]
100 pl¥ seeding SIATE FEES AFH T=2 AT
gk 5 2417t F9F miFskdTh 1 o] F 7 well | cell
counting kit 89 (Dojindo, Tabaru, Japan) 50 Mlé]‘—}% A7}
3FA T} 30~90%-7F vl % microplate readerS ©]-8-3}¢]
F34E 450 nm)=S =438
3T3-L1 MIZ2| A[HANZZ2| &3]

3T3-L1 preadipocyte2] A|W-AHFEZ2] F3}i= Elmendorf
5 (Elmendorf et al., 1998)°] A}8-3F WS ©]-8-3}3(Th
318 vl x]:= 25 mM glucose, 10% FBS, 1 mg/ml insulin, 1
mM dexamethasone (Dex), 0.5 mM isobutyl-1-methylxanthine
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3tEl DMEM HiA 2 w3kt 497F o ulekstgih
Insulin %] 2]7} EUH 25 mM glucose, 10% FBS7} 33
DMEM HiR| 2 X]8kale] A}8-3F w7}=] wjokstd) wj
Fohs H A ) 2% vi 2e AR WA B
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Oil-red O M

Wbk b, ke WA AR, A9 (10%
formalin)= 5%7F 2g]ste] AXE AT 28
AANE B AL, oA AR S Aglste] 14]%F
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o

NS W] 60% isopropanol® H|EZE M|Fslar, ¢
W3] GATh A W A2 Oil-Red 0F ©]8314 44
3} T} (Janderova et al., 2003).

Total RNA &2| 3 cDNA &4

Hj R Aol 42 B E45 919 total RNA
o] FFL Trizol €95 ARSI o™, #2]8 Total RNA
9] X nanodrop spectrophotometerS AHE-35lo] A =s)
ATE 5 mg total RNAE ©]-8-3}¢] cDNAE /33131 om,
cDNA2] 32 reverse transcriptase™ (Takara, Japan)-S
A zAFe] ol wel =35}k (Ziemke and Mantzoros,
2007). F4AF @& A== Real-time PCR (ABI 7500, ABI,
USA)S |-3to] AT
(Han et al., 2009).

cybergreen labeling & ©]

PCRE Zz2l0|H FXX}

A E3F I FEA Ed EA ol AREE et
olv] 2 A =-& SREBPIc/ADDI (5-AGA GGG TGA
GCC TGA CAA-3' 2 5-CCT CTG CAA TTT CCA GAT-3'
C/EBPu. (5-TGC GAG CAC GAG ACG TCT ATA G-3' &
5-GCC AGG AAC TCG TCG TTG A-3'), aP2/FABP4 (5-CCA
TCC GGT CAG AGA GTA CTT-3' ¥ 5-CGA ATT CCA
CGC CCA GTT-3"), Z18]3L PPARy (5-CAC AAG AGC TGA

CCC AAT GGT-3' ¥ 5-GAT CGC ACT TTG GTA TTC

TTG-3") 717+ vt Zomw, AF8-% real-time PCR-E

primerE-> Macrogen (Deajeon, Korea)°ll A 343} th-
AMPK &4 ZFS I8t Western blot &4

AMPK &7 SA4E 918 L6 myotube AEF= (F)H
Aujo] 1o 2 Hebwo} ALESH B, Wk Lo
MAEE lysis buffer (20 mM Tris, 1 mM Na;VO,, 1 mM phenyl
methylsulfonyl fluoride, 50 mM NaF)oll 4] 3057+ &3] 4|71
5, ol GRS Alsskith o] % phosphoAMPK (Thr-
172, Cell Signaling, Beverly, MA)<} total AMPKel djgk
A} Ao} 4TCollA BE EF WA 7 & A
74 % anti-rabbit A (GIBCOBRL, Gaithersburg, MD,
USA)oll A2 whgA1 A S fdslolct s o2
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Sigma, St. Louis, USA)S 2mM %22 22|38k},
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Table 1. Determination of optimal mixture ratio of black garlic
and Garsinia cambosia extracts

Black garlic  Garsinia cambosia Ratio SOD activity
(& (& (%)
10 0 1:0.0 10.6
10 0.2 1:0.02 10.2
10 2 1:0.2 9.9
10 4 1:0.4 9.8
10 6 1:0.6 6.2
10 8 1:0.8 3.9
10 10 1:1.0 1.3
10 20 1:2.0 0.8

1:04 (ww)E 2AHAom, 5%@ Mlge EFA7 B
g Sl A 7

E0l= 7I2AlL0F E8=
=4

Sobs ZbEA e} £
SRl (Mg, 28 (K), okl a), 9 (B), 22l Gol
= (S)9] S ICP AW (Kim et al, 2011)2.2 &

A e AEe] SrkEa ZkEA Yol RAoL FEE
Zbzk3t wlal WAEISITh 1 AR Snks ZFEAU R &

%,] 0 xgail/ﬂoﬂ xl 7}x4x4 o7 oﬂzﬂ: u]ig _/r:
A H7 Vg# = ZHF (143 ppm), ¢ (58 ppm), PF1Ul
(47 ppm), % (32 ppm), “12]aL o} (1.1 ppm) == FF
F5lo) Qom, =3k B e Jele] Suhaz )
EAYo} FrAjop FEEE M8 T w2 FUIEE

e YERLTh (Table 2).

3T3-L1 AWHTNZE| YZS0 OIls nks &80
S

Sk ZkeAv el E3E (BGG) Aol whe 3T3-LI
AR ] AEES Yol BY] fleko] CCK-8 assay

2 lé}OﬂE} BGG A&l A 100 pg/mle] 57k

9 Subs F2E (BG)I 7FEAUo Ao} F
=5 (G)elAlet viszsAl S2194 a3 A<l = &4
o2 Yehgor, 150 pg/ml A EHEE o 54
FH7E el BEE = ATl oA ji%
TR AR BolA AEE B T & g ¢
2] 9= 100 pg/mle
o} (Fig. 1).
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Table 2. Contents of minerals in Black Garlic Garsinia mixture
(BGQG), Black Garlic (BG), and Garsinia cambogia (G) extracts

(Unit: ppm)
Minerals BGG BG G
Mg 47 34 15
K 143 78 102
Zn 1.1 0.9 Not detected
P 58 24 45
S 32 27 19
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Fig. 1. Inhibition of cell growth of 3T3-L1 pre-
adipocyte cells by black garlic extract (BG), black
garlic and garcinia mixture (BGG), and garcinia
cambogia extract (G). 3T3-L1 preadipocyte cells
were treated with the indicated concentrations of
BG, BGG, and G for 48 hr and cell viability was
estimated by a CCK-8 assay. *P<0.05, compared
with relative control as determined by student's 7 test.

Fig. 2. Comparisons of lipid of adipocytes between
BG, BGG and G compounds. 3T3-L1 preadipocytes
were differentiated by Dex/IBMX/insulin treatment. On
the first day of differentiation, the cells were treated
with black garlic extract (BG), black garlic and garcinia
mixture (BGG), and Garcinia cambogia extract (G) by
the indicated concentration. During adipocyte differen-
tiation, BG, BGG and G compounds were continuously
treated when the medium were changed. After fully
differentiated, the lipid was stained by Oil-Red O
method. The quantification of lipid of adipocytes was
determined by Oil-Red O content. After staining, the
Oil-Red O was extracted by 100% of isopropanol and
measured the absorbance at 500 nm. *P<0.05; **P<
0.01; ***P<0.001, compared with relative control as
determined by student's 7 test.
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Fig. 3. Effects of BG, BGG and G compounds on the expression of adipogenic genes during 3T3-L1 preadipocyte differentiation.
3T3-L1 preadipocytes were differentiated by Dex/IBMX/insulin treatment. On the first day of differentiation, the cells were treated with
100 pg/ml of three compounds, repectively. On the indicated day, total RNA was purified by Trizol method and cDNA synthesis for real-
time PCR analysis. One pg of the cDNA was added into real-time PCR mixture. Real-time PCR were carried out by ABI thermocycler. The
actin gene was used for input control. *P<0.05; **P<0.01; ***P<0.001, compared with relative control as determined by student's ¢ test.

Z0ks 712AIL{0F BEH20] AMPK &A0] 0]Xls Hgt

Sk 7kEAYoF E3HE (BGG)o| AHAE Akstet
Hel 2 @421 AMP activated protein kinase (AMPK)

ol vA FF Lo ALTE BE3lo] BAS

= EO

Frshg AMPKE 22 319] @Alo] 9 712L el
3lalo] A Hby} ZyAHE AT 7S ATP AR A RS
ks, Akt Alshg gREel e ATP A AR
A3} A7) Ao g deEXa gtk -—6] PERN

—|—'

mlm

o #H ¥ AMPKO| F8 38k 24712k dilg] QlikskE
Z3l Acetyl-CoA carboxylase (ACC) &4 %“é% A
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T H|[RE 2 Al AMPK &4 %7F dRbA o g v
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o] o]
gL2-o] AMPK o3& %A
(Kim et al., 2001).
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Suks 7FEAIYoF 3k AEElS B¢ AE w
w7} 2, 5,10 mgmlE 2715l Wt s ojEon &
dol F7E = FEE ERlskNlon, Svks FEE W
Al Al (Aol vhas Hls2gh s YERIRIT (Fig. 4).
SHARE 7FE Ao} FR Ao} FEE T o X sl
& B (O AMPKZ} 79| @43} HA4] &2 Fe
eI 0|2 Hol Swups FEFo] At Akste
S E F Ue FHEAR Aoy o=
S Sstobr| Ak SO A A" Ao
t} (Fig. 4).
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Fig. 4. Effect of BG, BGG and G compounds on phosphorylation
of AMPKa and ACC. L6 cells were treated with various concen-
tration (2, 5, 10 mg/ml) of black garlic extract (BG), black garlic
and garcinia mixture (BGG), and garcinia cambogia extract (G).
Western blotting analysis for phosphorylated ACC (p-ACC), total
ACC (t-ACC), AMPKa phosphorylated on Thr172 (p-AMPKa)
and total AMPKa (t-AMPKa) was examined as described in
Materials and Methods. Phosphorylation of AMPKa was increased
by (A) BG and (B) BGG for 2 h in L6 cells without changing total
AMPKa levels, respectively, however, not influenced by (C).
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