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The red radish (Raphanus sativus L.; RR) sprout is a plant of the cruciferous family. In this study, we
elucidated the effect of the water extract of RR sprout (RRSE) against a-amylase, a-glucosidase, and
pancreatic lipase enzyme activity and adipogenesis in 3T3-L1 preadipocytes. a-amylase, a- glucosidase,
and pancreatic lipase enzyme activity was inhibited in a concentration-dependent manner by RRSE
treatment. RSSE also abolished adipocyte differentiation and lipid and triglyceride accumulation with-
out cytotoxicity in 3T3-L1 adipocytes. In addition, RRSE modulated the expression of the proteins re-
lated to adipogenic transcription factors: peroxisome proliferator-activated receptor (PPAR)y, sterol
regulatory element-binding protein 1 (SREBP-1), and CCAT/enhancer binding protein (C/EBP)a.
RRSE also suppressed expression of the proteins responsible for lipid synthesis, transport, and storage:
adiponectin, fatty acid synthesis (FAS), perilipin, and fatty acid bind protein-4 (FABP4). This study
showed that RRS treatment has the potential to inhibit obesity by controlling the expression of adipo-

genic transcription factors and adipogenic proteins.
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co-lipsase$t &7 triglyceride® 2-monoacylglycerol @} fatty
acid® 3 gt} Pancreatic lipase Al A triglyceride® in-
testineo] Al F4HA g3 A2 wjEd o dxH< pan-
creatic lipase A3 A= @A BT A SAZ AJ#HF< lipstatin
FTEAQ tetrahydropipstatin (Orlistat) 2] lipase inhibitor
EAE 7P AT AR, A0S, FFEn A, A
&4 HER FoA So RAgol a7, 8.

Hnke] A A A o] £3 9 adipogenesis ¥4
of o3t APAMEZUWS triglyceride 524 02 WA=, 2
Az YAHRA Bosts T8 AARAAZE CCAAT-en-
hancer-binding protein o (C/EBPa)$} peroxisome pro-
liferator activated receptor y (PPARy)7} $1TH3, 21]. C/EBPa
T preadipocytes®] mitosisE A A= AR LA 1
PPARy+ preadipocytest =& myoblasts, C3H10T1/2 stem
cells®] adipocyte differentiations fr'ddte ACE &l
ATH3, 4, 16]. PPARyS A Z& YA 02 52 gas
T O& AAAZAM Adipocyte determination and differ-
entiation-dependent factor 1/sterol response element bind-
ing protein 1 (ADD1/SREBP1) A A Z W 9 A4
ZZA 7 FAAITH22]. SREBPlce A3 7 249 fat-
ty acid$} cholesterol thALel w9~ F o A& 7hA= AA
ol ao) vy A HPA| Zojl A PPARyS| ¥ & f =33 PPARy9
lignad-binding domain®] &4 3}} ligand A4HE XA
THO, 14]. ol & AARIASL AFAE| £3 A 2o
35 24-& 53l adiponectin, fatty acid synthetase (FAS),
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a-Amylase XMall M =3

a-Amylase A8} B4 Ali 2] 59 WHS WEs 24
At FEE 25 ul9h a-amylase £%(20 mM phospahte
buffer, pH 6.9, 05 mg/ml) 25 p1& &gt} 25T A 1083k
incubation 3F{t}. 102 ¥ 25 pl9] 1% starch £ %(20 mM
phosphate buffer, pH 6.9)& 7}3to] 25T A 1087t F7F
incubationdt$ith. 50 ul 3,5-dinitrosalicylic acid (DNS,
Sigma-Aldrich) &5 ¥of W& FA3 100T A 5%
2t incubationdt F F222 W4t 540 nmolA FREE
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fer (pH 4.2)°l p-nitrophenol-a-D-glucopyranoside (PNPG)E
2344 1 mg/mle) FEE 714 WEQT 714 50 ul ¢
29 25 e EFAL thzTole AEE =9 &9 ([DMSO,
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of A 30%7F W37 ¥ IN-NaOH 25 1l & #7}kake] EaA
At olwf /3% p-nitrophenol (PNP)2 400 nmo| A &3 =
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Pancreatic lipase §4 &4 Xsls

Pancreatic lipase A 3] 2/3-& Gomes &< WH[11]S W ¥
ato] 2434t WA 96 well microplated] 0.05 M sodium
acetate buffer (pH 5.6), 4% (v/v) triton X-1009] =<1 2.5 mM
4-nitrophenyl butyrate (PNPB) 7] ¢l 025 M Tris (pH 7.7)°l
=<l pancreatic lipase (Sigma-Aldrich, USA)9} A8 & ¥ o]
37T A 158 WA AT Bg 43 F 20% sodium do-
decyl sulfate (SDS)& #7138t W&& T M3 A&
47T, 12,000 rpmol Al 2087 A &2 & F &5 4E 96-well
platec] £33 405 nmol A FHEE FAst ANEE YA
g T dH HEE2 el Orlistats 4 tz
TE AHEsH

3T3-L1 preadiocyte &3}

3T3-L1 preadipocytess= ATCC (American Type Culture
Collection, USA)lA T3t A&t Az 10%
NBCS (New born calf serum, Thermo Scientific, USA), anti-
biotic-antimycoticE 33 DMEM (Dulbecco’s Modified
Eagle Medium, Thermo Scientific)?l Al 37°C, 5% CO, &7 2.
Z W Fsta. E3E 3 A EXFE 100% confluence A7
% MDI (Isobutylmethylxanthine 0.5 mM, dexametason 1 1M,
insulin 10 pg/ ml)9} 10% FBS (fetal bovine serum, Thermo
Scientific) & &+ DMEM A& Ab&-3ko] 2947t vl 439
. 29 $¥(D-2) insulin 10 pg/ml & 7}3 DMEM
(containing 10% FBS).2 A3t 2% F7} wjdd 5, D-6
A e 10% FBSTHE E3Hg DMEM A 2 a A3t D-8
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ImmunoblottingS &8t A|dEsl2t
5 24

B3lH 3T3-L1 cellss PBS 13 A& 3}1 ice-cold RIPA
buffer (10 mM Tris-HCI, pH 7.5, 0.1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS, 1 mM sodium orthovandate, 120
mM sodium chloride, 1 mM phenylmethylsulfonyl floride,
10 pg/ml leupeptin, 1 ug/ml aprotonin)< 3¢ lysis A7l
< 10,000 x goll A 1023 A B3t 4EdS AT &
YE ko A (20 pug/ml)S SDS-polyacrylamide gelS A
£3td H7]9% $ PVDF membrane (Bio-Rad Lab.,
Hercules, CA, USA)9l transfer 3t%th. 5% skim milk (0.1%
Tween 20 containing PBS, PBST) &4 o] 4] 142t &<t non-
specific binding siteE blocking¥+ ¥ 12 & [anti-C/EBPa,
anti-SREBP-1, anti-PPARy, anti-adiponectin, anti-perilipin,
anti-FABP4, anti-FAS, anti-B-actin (1:2, 500), Cell Signaling
Technology, USA]E ¢l A 14} 303} incubationd} I
22} %A (anti-rabbit IgG or anti-mouse IgG linked with
horseradish peroxidase, SantaCruz Biotechnology, Inc. USA)
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o] antibody-bound proteing detectiondt il relative protein
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USA)E °] 43193, 4 A2 one way -ANOVAS$} Stu-

48t p<005Y 5 Tl Aoz At

A o

X2 MM FZ=Z2(RRSE)Q| a-amlyase, a-glucosidase

Az AR YHRRS) 10 gOZHE ZFF 32

288 g9 FEE< TR TH(yield, 28.8%). RRSE a-
amlyase ©} a-glucosidase &4 #4494 &5 B4 o
amlyase+ 1Cs 117.04 pg/ml, a-glucosidasex ICsp 48.93 g/
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RRSEQ| pancreatic lipase Msi&a

Pancreatic lipaset= triglycerideE 7+HE3I Al A glycerol#}
fatty acid®. 2 #afgch. A3 & A L& lipaseo] 289 93]
2 monoglyceride$} fatty acid= 3] = ©] bile acid®} mi-
celles FANA Frath Fod AL 239 A L9
A triglyceride® AF P =] &Y &Ko Soj7txn 14,
ARz, &% o8 RUA AEEHI G2 triglyceride™
Z 22 FAdG. ojm) 2] FH o] frdd HtE 2

e Atk AW 79 T2 A4S o= lipase®] 24

Aelg Tl Aol Aol &8, F5 HA G AR v
A doez A 4& He F 9}5}[8].
RRSE®] pancreatic lipase A3 &4 & Bl g A3+ 19

Fig. 1914 YEHA ATh. RRSE+= 50~400 ug/ml TS A
A g3t 48190, OrlistatE positive control 2 AF-&-3f

Table 1. Effects of water extract of red radish sprout (RRSE)
on a-amlyase and a-glucosidase activity

Extraction yield (%) a-Amylase’ a-Glucosidase
2838 48.93+3.93" 117.04+6.01"

“ICs value in the concentration (ug/ml) of sample required for

50% inhibition.

“Each value represents mean + SD (n=3).
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Fig. 1. Effect of red radish sprout extract (RRSE) on pancreatic
lipase activation. Data represent the mean + SD (n=3 per
group) of at least three independent experiments. Vehicle
refers to the solvent for dissolving the RRSE (dimethyl
sulfoxide, DMSO). y p<0.001 versus vehicle.

Hoh. A3} Positive controlQl orlistat (24.6+0.4%)°l ]3] pan-
creatic lipase A i'?H%“ °of $etAE ¥3kou, RRSE A 2
FEF M 9 F5 50 pg/ml (57.1£25%)1 H HE A
Ao g o 04*ﬂ Te Hilon g7t S FE A
AA E5o] F7kskes AFol Aou s=EAT FoA

A
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RRSE®| 3T3-L1 preadipocyte =5t Al &4
3T3-L1 preadipocytes®l] IBMX, dexamethasone, insulin<
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Aestel ALEsE frestiom AEst Adgde 5
Z3}7] $18) RRSEE 50~400 pg/mle] 5= 9ol A A2 g
% Oil Red OF ol &3t AFH AR & ZHToEH
AEste] vAE AR 8% #dagth 1 2% MDI
(339.3+0.07%) 5 A 2] g tj =7l Hl3] RRSEE A &g o
A FE7F 7184 E lipid droplet B¢ A3 A H =
AL A A o2 FAsS o (Fig. 24) E4E Oil red-OF
isopropyl alcoholZ FZ38t] AFe Al A= o3 7]
E%5¢ 98 t(Fig 2B). TEEQ 400 pg/ml(1727+
50%)& 8¢ T2 positive controlZ A3 orlistat (186.6
+181%) %= frAHEE Al &% B 3o Lipid droplet pre-
adipocytes?] #3744 A= phospholipid mono-
layerell Se#< AR OZ F4H ] gloH, TR
triglyceride (TG)& 83 oA doly FHxstA A=
triglyceridet= AW Ao F45 2 A= o] vlgke] ¢l
Z 2435, 7]. RRSEE A g st A TG 2}&% =%
St A3 100 pg/ml o]’49] FE=H-ANA 30% o4 HaEE
Ag glstg o A A8 =<1 400 pg/ml(9.8+0.9 ng/
g)oll A &= positive control$] orlistat (9.5+0.8 ug/mg)<}t A
Fagde Uehl At (Fig 20). ol A A4A &
of AgA| el thg ZA 3 AJAE HES] fl6to]
MTT assayE ot 3443 £33 Al
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Fig. 2. Effect of RRS extract on 3T3-L1 adipogenesis and morphological change (A), lipid accumulation (B), triglyceride (TG) content
(©), cellular cytotoxicity (D). (A) Oil Red O stains for lipids in 3T3-L1 cells in the presence or absence of RRSE (x200 magnifica-
tion). (B) Total lipid content relative to NBCS control (C) TG contents in cell lysates (D) Cytotoxicity evaluated by MTT
assay after exposure of 3T3-L1 preadipocytes to increasing concentration of RRSE for 48 hr. (E) Cytotoxicity after exposure
of 3T3-L1 to RRSE for 48 hr after differentiation. Data represent the mean + SD (n=3-8 per group) of at least three independent

experiments. *, p<0.001 versus NBCS or MD], H,

p<0.05 versus MDL
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atach. A3 %} A& B FEE X% RE AY F&
oA HE AEgde TS WAA FUthFig 2D, 2E).

RRSEQ| adipogenic transcription factor 248 & &5
Preadipocytes®] Al adipocytes® #3}5 & adipogenesis
e BE 79 adipogenic transcription factors <] regu-

lationd] 9J3l] FEEHE Aoz dHA oy oH3 23}
FA A 7HE 540 HEE S transcription factors=

CCAT-enhancer binding protein (C/EBP)a, Peroxisome pro-
liferator-activated receptor (PPAR)y, Sterol regulatory ele-
ment binding protein (SREBP)©|t}. ©] 8§+ transcription fac-
tore A4 YA 24, AZU A4 53 24, glucose
54 28 59 )52 sd AW AAA4EY B =
Mt 235 =, 3, 4, 16]. C/EBPa, PPARy, SREBP
Hd2 Aozgs 53t MEY lipid droplet 84 %
AZ v 53 22 Fej2 W33 ] Eo] FABPS, FAS, per-
ilipin, adiponectin 52| adipocytokine® adipogenic protein
Tl T8 dTS o] ALAE £3F F ol A RRSE
A H AY AEAA Ao 3o BEH = KA
o] & Western blot analysisg &3t 43¢t 1 2
7 RRSE A 2] &% 200 ug/ml o] 4ol A= C/EBPa, PPARy,
SREBP-1¢] &d F712 ¢93tA JAs A1, PPARy«l )

L A e =gl 5) ug/ml°ﬂ*‘]l"%E1 A &% & Btk
(Fig. 3). webA 2% A2 AEs FAAe] 24& 53
of A A4 A Zee vehd Ao= AgdEH.
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AWAE B3A THE = transcription factoro] 9J3] %
5]+ down stream signaling G 4 2=
perilipin, FABP4 5°] $ith. Adiponecting A
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H} z A oﬂ A—] 1:11_}

o "

Aoz dEA o, AT A ot =,
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C/EBPS. 42kDa
2B KD
PPARy B A B 530,
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100 200 400
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MBCE MDI 50

Fold overFCS control

A1) A
ME]'~ ShA T A ]l ol A
adiponectin®] 7}74 A A [17, 20].
FASE acetyl—coenzyme A% malonyl-coenzyme A= -E
long-chain fatty acidE A4 3tA st &4 1’4— Perilipin<
lipid droplets®| periphery®l localization® ©] ¢
aged 823 H&S gt} Chang [18] 9T+ H & perilipin
AAE AAT mousew A& FA3HA Foto] Hlgho] it
A ¥5S Bastith o) perilipinel A% A2l Y&
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Zhgol o3 AYS B3t FABPAS T4 E cellular path-
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o H27t

A
Fo|tp
1L lipid stor-

=

3
s
Ak &2 A A7 binding3he] transport® =& ¢
¥ A= FABPs7F A4t thAtzd o A
A 98-S & 5 ke AL S BadAn1o, 13]. &
A7kA 88 % FABP family+ 971 9] member7} 2.1 o] F
adipocyte FABP family= FABP4 (adipocyte protein 2, aP2)
o|t}. FABP4 fA A& A| A3 obese diabetic mice (ob/ob)ll
Al blood glucose level 744} insulin sensitivity 7 %

28900 R1E Y

A
H

A=Y
A LE

plasma TG ¢} cholesterol levels©]
25].

3T3-L1 %344 RRSEZ 50~400 pg/mle) S=2 A2 ¥
Western bolt analysis% 53k adiponectin, FAS, perilipin,
FABP49| Bd 245 & vlustgith. 234, adipogenic tran-

—J—EOE

scription factor & 24 Fol| A o} vx7EA 2 200 pg/ml

o]l Eo|A adipogenic protein ¥ o] 743}t thFig.
4).
ofdel Adte AR Aol AYFNE FEIE tran-
scription factor$} transcription factore]l 93] 25 adi-
pogenic protein FH& FaAA AL AH S22 A6
= E%‘ et & 5 o old g 43 ngow
T AR QS o] 83 75 SHE TRt A2
B
#
19.1
= C/EBPa.
PPARy
SREEP-1

NECS

D1 100 200

MD| + RRSE (ug/mi)

400

Fig. 3. Effect of RRSE on adipogenic transcription factors expression. (A) Modulation of adipogenic transcription factors by RRSE
was evaluated by Western blot analysis. (B) The ratio to B-actin of the densitometerc assay is presented. Data represent

the mean + SD (n=3 per group) of at least three independent experiments. * "

versus MDIL

=4, F

p<0.001 versus NBCS, , p<0.05
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A B
Adiponectin 45 326 1 Adiponectin
T F&S5
FAS 5 27.4 Perilipin
£ 235 FABP4
230 4 18.3
n * 19.1 t
- "‘Q; 1 T 158171 - +
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Fig. 4. Effect of RRSE on adipogenic protein expression. (A) Modulation of adipogenic protein expression by RRSE was evaluated
by Western blot analysis. (B) The ratio to B-actin of the densitometerc assay is presented. Data represent the mean + SD
(n=3 per group) of at least three independent experiments. * * i p<0.001 versus NBCS, ™~ " by p<0.05 versus MDL
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