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Garlic (Allium sativim) has been used as a source food as well as a traditional folk medicine ingredient
since ancient times. Aged black garlic is a type of fermented garlic and is expected to have stronger
anticancer and antioxidant activities than raw garlic. However, the mechanisms of their inhibitory ef-
fects on adipocyte differentiation and adipogenesis are poorly understood. In the present study, the
effects and mechanisms of water extracts of raw garlic (WERG) and aged black garlic (WEABG) on
adipocyte differentiation and adipogenesis in 3T3-L1 preadipocytes were investigated. Treatment with
WEABG significantly suppressed terminal differentiation of 3T3-L1 preadipocytes in a dose-dependent
manner as confirmed by a decrease in lipid droplet number and lipid content through Oil Red O stain-
ing, however WERG had no such effect. In addition, WEABG reduced accumulation of cellular trigly-
ceride, which is associated with a significant inhibition of key pro-adipogenic transcription factors in-

cluding peroxisome proliferator-activated receptor

v (PPAR7), cytidine-cytidine-adenosine-ad-

enosine-thymidine (CCAAT)/enhancer binding proteins a (C/EBPa) and C/EBPS. Taken together,
these results provide important new insight that aged black garlic might inhibit adipogenesis by sup-
pressing the pro-adipogenic transcription factors in 3T3-L1 preadipocytes, and further studies will be
needed to identify the active compounds that confer the anti-obesity activity of aged black garlic.
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Aged black garlic, 3T3-L1 preadipocytes, PPAR v, C/EBPa, C/EBP3

APALY HFAe ATFA 2 2ol e fUEE A
o2 g4 014[341 z1 ATAZIN 458 APAEE
2eE PRl TPF 522 A3 @ A
AT e 29 ¢ oqs}% AL x} o B40] B3}
W, ol 848 AMALE AL ST Agse o

mlo

g o]e]o] Tk T2, cytokine, FFLAES BHIFOR
A glucose WA B olU A 34 FA o SlofA] T as &
Hl 2AAR A-8dtH1741]. shAR F =gk Az o) %3
< insulin AAE FEFOEA A 2% G, aAHEF
g AdEHA 28 AFE FTHITIE o] " 23,37].

Adipogenesist A|HAE7} BHEolA = B3 A O 2 A
Az, 32 &3 2 528 17y 59 HeE kst
+H|[14,35], adipogenesis ATE ¢t in vitro model system

o= YW 22 mouse embryoZHE frEfE A A FAE
Q1 3T3-L1 ME7} Bo] AH-5H, insulin, dexamethasone %
3-isobutyl- 1-methylxanthine (IBMX) 53 22 £3F =X

7} B 23}149,20,25]. =3 adipogenesis ¥ ¢l = peroxisome
proliferator-activated receptor 7 (PPAR7) % cytidine-cyti-
dine-adenosine-adenosine-thymidine (CCAAT)/enhancer
binding proteins (C/EBPa, C/EBPB ¥ C/EBPS) 53 #-2



adipogenic transcription factorg°] 523 ZEAZA o
sle Aoz 4R 9l 36,44,45]. C/EBPB ¥ C/EBP6S] 7

$-ol= £3}x7]9 insulin, dexamethasone % cAMP 53 2
£ hormonal cocktailol] &3te] YA FHo|x WEA L=
Wheo] C/EBPa 2 PPARy o] 750l B3l3 7)o was o]
adipose-specific F2 HAS g0z A HaE F7
o] B33y dAsted Boddt16,3548]. o2

C/EBPax= PPAR 7y 9 243} 8L A &2Q1 fA|9k ¢ <
Sk AWAE AAS 93 insulin A S 238 98-S g
tH35,36]. w3 Al E= W AAYAH E A e trigly-
ceride®] %2 3% 22 Fej23 543} vjEo] PPARy, fatty
acid synthase (FAS), lipoprotein lipase (LPL), sterol response
element binding protein (SREBP) % adipocyte-specific lipid
binding protein (aP2) &3 2 APAHE Fo] Al F2A]
TEo] fse Aty 548 7519 ARAEE 7}
Ae FEEYAA C/EBPas AASN S Bl AEA

§ 9 R85 A2 uasd) B3 e
2w} BAE oAb A8 AR AANE APAE 5
0142 %Hl%égl 243} B} APAE B8R0 Bofs)
£ MRS §4E ASE Ao Fasia B,

vh 5 (Allium sativum)2 258/ 935 (Liliales), W37}
(Liliaceae)"ﬂ &dhe B AR Bk ojyet e %291
71 3 #7180l EE o] slof A, a4, A4
At E 7]”‘3% AA ol EJJJ]’ FobA o 24 H ‘_7&;‘41:101
FAE AREH oA ShHH33]. £ H Aol w2 vk
3% % allicin alliinase®] Z v 2H-g-of 93} alliin (S-all-
yl-L cysteine sulfoxide) .2 5-E] THEA A& 2HEo]H, o] ¥
Al 4739 allicino] 3= o] FAH= 043% 7HA ©E allyl
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I 2e w2 ok s g AR G4 e AR 4
A glo] we A7} 1FE T UrH467,11,2426,31,32,40,49].
A S rhs(aged black garlic)2 YA 259 £ 3ol A
&4 - HEAA rks 579 A st 452 HAE AA
stal s §Fs 77 Aot 53] Srtse ot
npsol Hlarsto] gabstg o] wlg =& o UEyoH,
o= Srks &4 HFAAM FEEE S-allyl cysteined]
Z7ks} d@Adol e Aew HuFa vH1,29]. welA
S-allyl cysteine®] o] S71d Snfse U]"’ohﬂ' ﬂtﬂ«] o]

B3t A5 glojA
[1] &Frhsol st
A= AHHe= v ] ?1

£ AFAME Srkse }EJ/} e Joﬂ & Astgt
2 7129 A2 fste] Aubs(water extracts of raw garlic,
WERG) ¥ Svls 94 3% 5 (water extracts of aged black
garlic, WEABG)©] AW A1 3T3-L1 A2 A insulin,
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dexamethasone 2 3-isobutyl-1-methylxanthine (IBMX) & ©]
E3E HTHEEIAb ofste] Qd¢He g FEE adipo-
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mg/mle] FEE WHE T o] HA FEE
of AejataAnt. ob&d Ml
E(WEABG-A)S &Y iﬁoﬂfﬂ A 2] sto] 3
£ Ak

=0
£ A3 X mRNA LdY #2415 913+ Bioneer (Taejeon
Korea)oll X1 948t primer €714 E-& Table 1] YEFH S

o, gl d 248 9slo] AL4¥ PPARy, C/EBPg, C/EBPB
4 actin 7]+ Santa Cruz Biotechnology Inc. (Santa Cruz,
CA, USA) % Cell Signaling Technology (Beverly, MA, USA)
ol A Y43t ImmunoblottingS 913 22} A2 ALS-H
peroxidase-labeled donkey anti-rabbit ¥ peroxidase-labeled
sheep anti-mouse immunoglobulin Amersham Life
Science Corp. (Arlington Heights, IL, USA)ell 4] T3} th.
3 3T3-L1 A ATAE £3E Ak A& insulin,
dexamethasone ¥ IBMX9} AWM E W triglyceride A&
3tel5}7] 9J8ke] ALE-¥ Oil Red OF Sigma-Aldrich (St. Luis,
MO, USA)olA +Y43t3itt.

3T3-L1 A[HHM| 2] HHf

Aol A& 3T3-L1 ARATHEE 90% <] Dulbecco’s
Modified EaDCRT Media (DMEM, Gibco BRL, Grand Island,
NY, USA), 10%2] bovine calf serum (BCS, Gibco BRL) %
1% 9] penicillin ¥ streptomycin (Gibco BRL)o] Z 3¢ 1l #]
& AHE-3EY 37°C, 5% CO, 271 3tolA] vt gleh. Al E 49
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Table 1. Sequence of primers used for RT-PCR

Gene name Sequence

GAPDH Sense 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Antisense 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3’

PPAR y Senée 5-CGC-TGA-TGC-ACT-GCC-TAT-GA-¥
Antisense 5-TGC-GAG-TGG-TCT-TCC-ATC-AC-3’

C/EBPa Sens.‘.e 5:—GTG—TGC-ACG-TCT-ATG—CTA-AAC-CA-B’ 1
Antisense 5-GCC-GTT-AGT-GAA-GAG-TCT-CAG-TTT-G-3

C/EBPB Sense 5:—GTT-TCG-GGA—GTT—GAT—GCA-ATC:3’
Antisense 5-AAC-AAC-CCC-GCA-GGA-ACA-T-3

3T3-L1 AUHTAMZS| BtRT

3T3-L1 A AFHEE HE vl % 6 well plate®] A con-
fluent e} 714 %St & 10 pg/ml insulin, 0.1 uM dex-
amethasone % 0.5 pM IBMX7} E£3H5 E3hujx 2 w3hs}o]
297 Wigstd e, 1 % v 2¢¥nit}t 10 pg/ml insulin©]

F3E A2 wdegon, 1097 35 453 3T3-L1
ANATALE st 493 B8 9sle] A&

HemocytometerE 0|88t 3T3-L1 X[UHFMZ MZEZ
o £F

Arts B Srks FEEA Y we 3T3-L1 A ATA 2
o AEES 4357 Hstd AX g 6 well plated]
3T3-L1 AWAHAFAEZE well T 2 ml¥ £F3} confluent
A7 v Fe F vks FEES AA FEE At
72717t F)t vk $ WA E AASIL 0.05% trypsin-EDTA
£ At AMEE FAIAX phosphate-buffered saline
(PBS)E 7t well & HAFE H7tstod AIEE 23Tt o2
2Ol AEE 2,000 rpm S & 587 AR so] A5 E A
Star A EE H7 v BA] 1 mlé PBS9F F %9 0.5%
trypan blue (Gibco BRL)E #7}8ke] 287F A3k 3 94}
n g g ol &3t Aol AEE ATtk ofd wWe
ZA3}E Microsoft EXCEL programs AM8-3e] #4339t}

_“_

MTT assayoi| 2|st 3T3-L1 XIE'DW-TLMIE Q.Iﬂ ZA
o confluent e} 7] M g3t - Vé -Zr%%e o 7\] o 24
sto] 7Zh well B AAsEE AestAdrh. 72417 & Hj A

AT A 548 05 mg/ml
bromide salt (MTT, Amresco, Solon, OH, USA)E
F3ka 3A17F $9F CO; incubatordl| A #j A7 ok MTT
A g AREA A AT DMSOE 1 ml¥ EF381] wellol
A3E formazing EF =9 F 9 well platel] 200 pl¥ A

T =TT

FE9 tetrazolium
2 mi¥ &

A] ELISA reader (Molecular Devices, Sunnyvale, CA, USA)
Z 540 nmoll M FHES S AL ZF A HE
tglom, 1o tig i@ EF 2AHE Microsoft EXCEL
program< AH&-8te] #4353t

T2l s0|4e 0|88t 3T3-L1 X|WHMTM = AR} &
Efo| =zt
s 22E X 98 373-L1 AWATLAEY B3 2

droplet 44 BEE gRl8l7] 5t AE w%E 6 well
plateoﬂ 3T3 L1 AR AFAEZE 73t confluent 3 el 7]
=2 34 AstuA £k
= AgsEd & #
3} 3 droplet 44 745 o83t 2001 9]
&2 st

el

Oil Red O M 3l Hat

A E W droplet A4S %"%3}7] 3te] Oil Red O G4
S AANEH T FHE 3T3-L1 AW A TLAEZE PBSE A2 e
3.7% formalin®. 2 1A)17F &<+ 1143} 60% isopropanol
0|43} A& 38 th2 Oil Red O solutionS g ste] A
ol A 20% 7+ GAEHY. d4 ZF QOil Red O solutions
ek sl %‘E’ki 33 AHg o A AEE H"LZ}
&t #FGTh =9 AFH &
100% 1sopropanol~ o] &3l WS FET T 9% well
platedl] 200 ul¥ %7 A ELISA readerZ 500 nmol A §3 %
£ 343

rlo o ot

Reverse  transcriptase  polymerase  chain  reaction
(RT-PCR)0I| 25t mRNAS| 241

rhs FEES AgstiA B34A)71 3T3-L1 A A
o] TRIzol reagent (Invitrogen Co., Carlsbad, CA, USA) 1 ml
S A7kt 4£°Coll A 1A13E F<t ¥HSAIZL % 200 ul] chloro-
formS H7Fste] 4°Col A 308 <t WH-S-AIF T 14,000 rpm,
£°Col| A 1587 YA E2AIA 400 plo] AEde BHste] F

=1
9] isopropanols #7}ste] 4°Col A 308 F<F ¥HEAIZ &



14,000 rpm, 4°Coll A 3027+ DA EEAA total RNAE #
5ttt ¥21 ¥ RNAS DEPC waters ©]§3t4 wo]al A&
st %, Z47+9] primer, DEPC water 18|31 ONE-STEP
RT-PCR PreMix Kit (Intron, Korea)E ¥ I Mastercycler gra-
dient (Eppendorf, Hamburg, Germany)& ©]-&3}o] A}
W =22Z3l9tt Z PCR AHEE 9] %A xpol & 3elstr] Y3t
o] 1x TAE buffer2 1% agarose gelS THEl well T 217+9]
primer®]| 3§33} PCR 4H&o DNA gel loading solutions

4014 loading & ¥ 100 VoA H71%95S stk A719%
S 2 DNA #87} £ gel S ethidium bromide (EtBr)S ©]&
ato] FAE 5 UV stoll A 41813, housekeeping 3
AkQ1 glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
£ internal controlZ A}8-3F

Western blot analysisOil 2|5t CHHAI Hisio] 24

FTYE W o FHld 3T3-L1 APTATFAH E AP
lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM
EDTA, 1% NP-40, 1 mM phenymethylsulfonyl fluoride
(PMSF), 5 mM dithiothreitol (DTT)]E 3 7}38ke] 4°Coll A 14]
7 Et BEEAIZ 2, 14,000 rpm 2 307 AR 3

FEdd e F BulldS B3 45y dud B
T Bio-Rad @3 A% A|<K(Bio-Rad, Hercules, CA, USA)

o 2 ARl wel A% ¢ v 532 Laemmli sample
buffer (Bio-Rad)Z 41914 sampled THEAT. 5% sam-
ple sodium dodecyl sulphate (SDS)-polyacrylamide gel<
o]-&3l M71PYFoE 28 ¥, nitrocellulose membrane
(Schleicher and Schuell, Keene, NH, USA)2.= electro-
blotting®ll ¢j3] HMoJAZth &€ @ do] Zo]H nitro-
cellulose membraneS 5% skim milkE # 2] s}e] v 5012 <
Sl A Eo] i3t blockingS AAI8taL 13} FAE A 2] 8o
oA 247t o] EE 4°ColA over night A1t
PBS-T= A #(15%7t 19, 557k 5¥)atar A2 14 A ol
gh= 23} | (PBS-TE 1:1,5000.2 8 435te] AL S AL4-3)
o Aol 1A A BHEAIZT. Hheo] B - ghdelA
Enhanced Chemiluminoesence (ECL) solution (Amersham
Life Science Corp.)& #-&A17 T X-ray filmol|] 7H3A1A
574 vude 99 e BHagc,

=

373-L1 A[gh

o| o1ol=

MAMze M=g 3 JAo 0jX|= ot F
EE

s FEE 2o w2 313-L1 ALATA T BE
oo} B 7)9)ste] WERG, WEABG ¥ WEABG-AE %%
2 72AZ Bk AP &
Bl w3 A3= Fig. 1A9) L]—E]—‘;ﬂ_ H}% . Eﬂr o &
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150l WERG % WEABG-A A9 ZAfelle AAHo=

AEE] A7t SutatA o] oA = ¥ WEABG A 2]
o Aol 4 mg/mlY FE7AE AEEY a7t 3
UERGA] e29kA T 5 mg/mle] FEolMFEE 4T AE
£9] a7 BEEAT Y 2 A w ek 3T3-L1 AW
AFHE ] 29 vx]E WERG, WEABG % WEABG-A 2]
JES Yotr 7| 913t MTT assayS A A3 Th. Fig. 1Bl
UERH wke o] WEABG A g]ol A 4 mg/mle] 5714
= SAYAEHT A ehbA] FRAAT 4 mg/mle] F=
ANNFEH FAAA A7} dehtr] AlFske] 10 mg/mld] &
To| X WEABGAAM = &F 40% Ax 9 FAAAZZ7} e
$ A7 WERG 2 WEABG-A A 29| %o+ WEABG A

g Hlske] S oA ast o lﬁ_o_ Uehgt}. o)Ak
o] Ao F3l vk FEE A FFY AE BFAM AE

1 55
2 9% VA B4

&% 249 mg/mle] FE7HA &
A)
400
‘IWERG O WEABG [0 WEABG-A
- b g s
E am b & T {
o { r
= i
T 200
o
=
3
£
T 100
Q
(ijl NEYE NEE SENN NEED NNEE NEED NN NEUR NEE AEEE SN
0 1 2 3 4 5 [ 7 8 9 10
B) Concentration (mg/ml)

120

B WERG [0 WEABG[J] WEABG-A

muEIEfEI

i
80 : & .
60

40

Cell viability (%)

20

i1 SET BEW NN BEE NN BEE SEE BET SN L1
o 1 2 3 4 5 6 7 88 9 10

Concentration (mg/ml)

Fig. 1. Effects of garlic extracts on the cell growth in 3T3-L1
mouse preadipocytes. Cells were treated with the in-
dicated concentrations of water extracts of raw garlic
(WERG) and two types of aged black garlic (WEABG
and WEABG-A) for 72 hr. Cell number (A) and viability
(B) were determined by hemocytometer counts of trypan
blue excluding cells and MTT assay, respectively.
Results are expressed as percentage of the vehicle treat-
ed control+SD of three separate experiments.
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Y Aoz AAsAH

3T3-L1 XUMFMIES| lipid droplet Ao 0OJXl= of
s F£=9 g¢

Lipid droplet2 phospholipid monolayerel <]} &4
A7 FAAReZ FAHE Y 222 A precursor fi-
broblast] 58 AAERS F3AAAAM  yEhH,
PPAR 7 9} 22 2.3 adipogenic transcription factors o]l
N 2As = Aoz defA ATH163038]. B5E A A

Zo] A9 lipid droplet A= LPLe| 9]t triglyceride %
7} adipose triglyceride lipase (ATGL) % hormone sensitive
lipase (HSL)ol 9]¢ triglyceride frZol <t 2Hdth
[2,27,28,50]. wHetA] 3T3-L1 A AFAZ7 AA EZ ] £
st o WEb= lipid droplet 89 vls FE%0] ofu]
@ e MALAL HA5) dao] 4ae ArE A4

%2 A2)ete] $3hE $E¢ F Oil Red O Y4 A5 2
‘_rL-co}oi lipid droplet 84 EE ¢34 Av|7E o= s}
Atk Fig. 2 & 3ellA & F Uxo] vhs FEFES AsHA

3 4 (mg/ml}

MDI (0.5 M IBMX, 1 pM DEX, 10 pg/ml insulin)

Fig. 2. Effects of garlic extracts on the microscopic morphological changes of differentiated 3T3-L1 mouse preadipocytes.
Differentiation of confluent 3T3-L1 mouse preadipocytes was initiated with MDI (0.5 mmol/l 3-isobytyl-1-methylxanthine,
0.5 ymol/1 dexamethasone, and 5 pg/ml insulin) and maintained DMEM-5% FBS medium (maintenance differentiation
medium) in the absence or presence of WERG, WEABG and WEABG-A. After day 8, differentiating 3T3-L1 cells were

visualized by light microscopy. Magnification, x200.

3 4 (mg/ml)

MDI (0.5 M IBMX, 1 M DEX, 10 pg/ml insulin)

Fig. 3. Inhibitory effects of garlic extracts on lipid droplet accumulation of differentiated 3T3-L1 mouse preadipocytes. Differentiation
of confluent 3T3-L1 mouse preadipocytes was initiated with MDI and maintained DMEM-5% FBS medium (maintenance
differentiation medium) in the absence or presence of WERG, WEABG and WEABG-A. After day 8, cells were fixed and
stained with Oil Red O to visualize lipid droplets by light microscopy. Magnification, x200.
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FAARCR EHA triglyceridew 182+ glyceroldl| 3
A1 fatty acid7} ester A3 AO2A SAEE FHst=
A2 95% o) ol triglycerideo] ™, T& ] AGAe] 4+
o % triglyceride e} = A7 HTH8,10]. AWZH A9 tri-
glyceride®] #1742 chylomicron ¥ very low density lip-
oprotein (VLDL) 5% 22 triglyceride-rich lipoprotein®] 2]
dol fuEE A0 YA A7) YHHOE trigly-
ceride= X9 37 AE9 Fo3 UAYOZE ALE5]
A9k 04—:—«] triglyceride A WA o] —’Fﬂ A E o] H]
whe] 9o g ZgaiH, vk Ak fle] 7% dt
[21,27]. whebA] 3T3-L1 A A ol u}; FEE9 A
o3t triglyceride®] AIA &HE 37 Y3t Oil
Red O A4 H lipid droplets isopropanol® FZ¢+ $ tri-
glyceride®] & A5Gt Fig. 40 vebd uho} o]
B A A EstE AEAEA HasM WERG #
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M
=

‘ B WERG EOWEABG [0 WEABG-A

iy
=
=
T

'_|.|

=1 =
E=
==

f— =1} =~}
= = =
T T T

Triglyceride contents (%)
It
=

=

2 ] 1 2 3 4 (mg/ml)

MDI {0.5 M IBMX, 1 M DEX, 10 pg/ml insulin)

Fig. 4. Inhibitory effects of garlic extracts on triglyceride accu-
mulation of differentiated 3T3-L1 mouse preadipocytes.
Triglyceride contents were determined by Oil Red O
staining after treatment of the absence or presence of
WERG, WEABG and WEABG-A. The rates of trigly-
ceride contents were measured at A=500 nm wavelength
by the ELISA reader. Data are expressed as the
meanszS.D. The results were confirmed by three in-
dependent experiments.
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WEABG-A 4 mg/ml #&]2¢ Z-f-oll= 247 8% 3 10% 3
=9 triglyceride ¥4 AAZ#7} Uehd v WEABG A 2]
79 Agole < 55% A=Y triglyceride 34 JA &7}t
ALt o] 4be] AFE AT HE WERG ¥ WEABG-A A&
o vl s)x] WEABG A 2]7¢] triglyceride A4 A &7}
2 Ao g Yetom g WEABG7} 3T3-L1 A4 T4 2 9
T3 Ao R A Bk oo ARAY Ao J|tjEr.
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Fig. 5. Effects of garlic extracts on the levels of adipogenic tran-
scription factors mRNA and protein expression in differ-
entiated 3T3-L1 mouse preadipocytes. Differentiation of
confluent 3T3-L1 mouse preadipocytes was incubated
with the absence or presence of WERG, WEABG and
WEABG-A for 8 day after initiated with MDI. (A) Total
RNAs were isolated and reverse-transcribed. The result-
ing cDNAs were subjected to PCR with indicated pri-
mers and the reaction products were subjected to electro-
phoresis in 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B)
Cells were lysed and cellular proteins were separated by
SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed with
the indicated antibodies. Proteins were visualized using
an ECL detection system. Actin was used as an internal
control.
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