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Effects of Fractions from Benincasa hispida on Inhibition
of Adipogenesis in 3T3-L1 Preadipocytes
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Dept. Food and Nutrition, and Human Ecology Research Institute,
Chonnam National University, Gwangju 550-757, Korea

Abstract

The effects of three fractions, hexane (BHHH), chloroform (BHHC), and ethyl acetate (BHHE), from water
extract of Benincasa hispida on the underlying mechanisms of adipogenesis were investigated in 3T3-L1 cells.
Intracellular lipid droplets were stained with Oil Red O dye and quantified. Compared to control, lipid accumu-
lation significantly decreased by 11% and 13% upon treatment with BHHC and BHHE, respectively at a concen-
tration of 50 pg/mL. Intracellular triglyceride (TG) levels were also reduced by 21% and 16%, respectively,
at the same concentration. To determine the mechanism behind the reductions in TG content and lipid accumu-
lation, glycerol release and expression levels of adipogenic marker genes were measured. The levels of free
glycerol released into culture medium increased by 13% and 17% upon treatment with BHHC and BHHE,
respectively. In subsequent measurements using real-time polymerization chain reaction, the mRNA levels of
PPARy, C/EBPa, and leptin significantly decreased upon treatment with BHHE (45%, 67%, and 35%) in compar—
ison with non-treated control. These results suggest that BHHE inhibits adipocyte differentiation by blocking

PPARYy,
glycerol release, and intracellular triglycerides.

C/EBPaq, and leptin gene expression in 3T3-L1 cells, resulting in reduced lipid accumulation, increased
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A7e 2A2A Bad v Jdoh AR WA EQ 3T3-L1e
o8 T2 s AARIAEY 93] AWM ER 3}
HgE AZEY LS FHFG o)YF HH S AYAE
B3 == AWAE A3 (adipogenesis) o] 2} s o]

Aol #Ast= F23 UAAEZE peroxisome proliferator
activated receptor v(PPARy)$} CCAAT-enhancer-bind-
ing protein a(C/EBPa)”7} $1th(13,14). PPARy+ nuclear
hormone receptor superfamily = 3}t+}o] ¥, retinoid X re-
ceptor(RXR) ¢} heterodimerE #A13te] XA FAx9] ¥y
S ZA-3}= #HAFIAFo] L, C/EBPa+ basic leucine zipper

o &3t HARIAEZN A AS AGAE B3t T
€ AR A o] F AAe B3 27]d EEEH
7+E FRAAES HAE STV AGA 2T B35y
E 9t leptin® adiponetin, glucose transporter 49 22
adipogenic geneE9] W& ZA3TH(15,16).

53 (Benincasa hispida)= Y} Curcurbitaceae)d 4
she ghajato] WE AE2H FHAEMT), FACET),
A A (M), Wax gourd, Kundur, winter melon, Petha,
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Beligo 522 &4&A Atk dof ofxolrt AskA]o|m 2
ojAlo}, F=, A&, T, dEH = Hepr IRl
A= A AeH(17). S AF A Bl F o] e 2~3 kg
A 15~20 kg7kA et B 10 kg 3tz 2 3
AL FHL 209} vh&o] F7 Bk XMU% ejom A4
3k HiEo] Bor, 4 F5A =
L SY Bl AR AFEE o ‘/}%% v
W Aol whthar stQaL, FF2 HIvkE
FA8 g AAGS Amst=d 2Rt 3L
RoH o-4% 575 S A T)AL ©
&S gvhar &R uk Jvh(19,20). A = fla-
vonoid c-glycoside, acylated glucose, benzyl glycosideE
X331 470 9] triterpenese} 270 9] sterols, cucumisin®] &
Bag u 9lvh21,22). & AFelAe dA7A Fy | vt
e T EFFEEY ASEY B BYEES o=
3T3-L1 AAE 23ty F9 28 axet 71ds A5
st o] guivt ans Hristaxt s
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v =3 Benincasa hispida)= 353
’\]01]/‘1 A Eo] 8 Ao AokS AAS L TANXE
(Ilshin Lab, Seoul, Korea) 3+ & % 7](Kyungseo ma-
chine, Incheon, Korea)& ©| &3l AA4S FYstar 100
°Col & oA 4A17F 0.7~0.75 kg/cm’?] 48 ZANA 5
3l ZAE Y & B (Hanil, Incheon, Korea)ste] (F)3F

iLOVJlOiTEi Zﬂ*”LOLU}(BHH) BHH—‘C— f‘ﬂ*& gz=

N 18

939-D1 7 789 %UHE 7‘°Liz(EYELA Tokyo ]apan)
A1 A f—fH 3 E(BHHH), 222X § ¥3E(BHHO), o
g oJE £ 3 (BHHE)E 247} 0.2%, 0.2%, 0.5% &
-20°Coll X Bt A Aol o]&

?—:—am, 7 pyge

MMZ 2 Al

Dulbecco’s modified Eagle’s medium(DMEM), newborn
calf serum(NCS), fetal bovine serum(FBS), penicillin—strep—
tomycine, D-PBS-& HycloneAH(Waltham, MA, USA)<l| A

A3tAY. MDI(0.5 mM 3-isobutyl-1-methylxanthine,
0.5 pM dexamethasone, 10 pug/mL insuline)®} Oil red O,
3-(4,5-dimethylthiazon-2-yl)-2,5-diphenyltetrazolium
bormide(MTT), free glycerol reagent, free glycerol stand-
ard solution2 SigmaAHSt. Louis, MO, USA)o A4 43}
Attt AdipoRed™% Cambrex bioscience(Walkersville,
MA, USA)ol| A, RNeasy mini kit?} QuantiFast™ SYBR®
Green RT-PCR kit= Qiagen(Valencia, CA, USA)o| A
vjsted o] 85T

3T3-L1 M= HiQfu} 235t

3T3-L1 AR AME= ATCC(American Type Culture
Collection, Manassas, VA, USA)9l A F+9431$93, DMEM
o 10% NCSE ©]-8-3} 37°C, 5% CO,e] =7l A] nlj g3}
Atk #3 vk o 2 = DMEMe] 10% FBSS o] &3}%
th 3T3-L1 AALA 2] £3h= AZ2E5E 98 2 well
o] NEZ vj%3d 3 100% confluency7} ' 247F 22
FAA R AAGAH EZ| MDIE E3H3 10% FBS DMEM
A2 APFAERSE FEskal 7241 ¥ 1 pg/mL in-
sulin®] ¥ 10% FBS DMEMCO. & o] & F<F vl k314
o} 1 % 2949 10% FBS DMEMEZ Hj -8 w35l
ALAZESE FE3IAT AFAE 3 =50 AR
= H#3}A && & N.Control, 10 pM ] Troglutazone<
23 7+& P.Control, &2t S22 X E o €olAH] O]E
7 &S 25 pg/mLe} 50 pg/mLo] FEE A o
Z+Zy BHHH-L, BHHH-H, BHHC-L, BHHC-H, BHHE—L,
BHHE-HZ W93ttt 4 A 8& #3lste &<t Agsta
3t g sl = AR 8Y Al ME=A, Oil Red O 94,
intracellular TG &

merization chain reaction 2 %2 435} }.

%, free glycerol $%, real-time poly-

M=z=Y

GrEafas] g o) =dHe] =84 714 MTT
tetrazolium< FAAM o] vl4=8A4 MTT formazan® & 9
Al71E PIEZEYCLS] TS o]8ste] AEst= AT}
A= formazan] FH o7 AXEAS 7HHFow =
Aate WHQA MTT assayE o83t SA3stA T Well
dishell #371 ¢h2® A EE D-PBSE 23] A& g ¥ D-
PBSo| 8314121 50 mg/mL MTT Al k& 37}ate] 37°Col
A 22X 3 v e & TS Al A S DMSOE A 238t
FAE formazans &ZFF F ELISA reader(Bio-Tek,
Winooski, VT, USA)E &3l 570 nmell X F3=5 =43}

Ak

Ol Red O A

84 A well disholl A WA E A A3 9, D-PBSE 23] Al
Z&tal, D-PBSE A %3 10% formaldehyde-&8-& 3713}
o] AF& oA 30H F AEE 3ASA Y. 10% formaldehyde

SHe A2 A3 F D-PBSE 23] A& 3}al isopropyl alcohol
2 Az Oil Red O G AL A g]3le] 1A]7F AL A
A, FAAS A A F D-PBSE 238 A

D*PBS:E: Zh wellell H7be & dvj@ o2 A& £ 100%
isopropyl alcoholS 2t wellol]l =] g)sle] A E 2] x| HFo]
A Oil Red O 44 & 853 F 510 nmellH FZE=S
ZA3A

Intracellular triglyceride &tk

AdipoRed™3% hydrophobic Nile Red solution® 24 in-
tracelluar TG9] 4& &ol3tA AT 4 A= FFAAA



T34 £9E0] 3T3-L1 AYAE 23 Ao mA= 9% 897

2 2slE AxU Y TGE JFH oz =4317] 9138 At
L3190 8L Ao BRI E A AT 5 D-PBS=E 23] A3
% AdipoRed™ Alok& 2] ste] 37°Col A 1087 v &
& D-PBSZ 23] M3l 3 J=E excitation 485 nm,
emission 572 nmol A =743}t

Free glyoerol &H2f

A4 v FH 50 pl.9} free glycerol reagentE 50 pl A
aFaL 37°Cell A 10%3F A2 g F, 540 nmell X FEE=E =
A5l At} Free glycerol 332 free glycerol standard A] ¢F
& o] &3ty TYS WS 33} standard curved F
gt & o]& o] &3t AT

AC)

=~

Real-time polymerase chain reaction(RT-PCR)

13 54 7 welle] N ZE D-PBSZ 23] A3 ¥
cell pelletS =} 3000 rpmoll A 3087 AR 3 T A E
9] pellet2 ®o} AMEW & RNAZS RNeasy Mini kitE o]-&
ate] 239tk 1 mge] % RNAE QuantiFast™ SYBR"
Green RT-PCR kitE ©]83}9 actin(5’-ACGGCCAGGT-
CATCACTATTG-3', 3'-CAAGAAGGAAGGCTGGAA-
AAGA-5"), PPARy(5'-GCCCACCAACTTCGGAATC-
3', 3'-TGCGAGTGGTCTTCCATCAC-5"), C/EBPa(5'~
GAGCTGAGTGAGGCTCTCATTCT-3', 3'-TGGGAG-
GCAGACGAAAAAAC-5)%} leptin(5'-CTCCATCTGC-
TGGCCTTCTC-3", 3'-CATCCAGGCTCTCTGGCTT-
CT-5") primer®} &7 reverse transcription ¥F3 50°Coll A
102S 4338 3 denaturation ¥H& 95°Col A 10%, an-
nealing® extention ¥H3 60°Coll A 30%7F % 40 cyclex
HF-3-A17] 3 Rotor-gene 6000 software version 1.7(Corbett,
Sydney, Australia)S ©]-&3lao] B354t

SHEA

2 A% Axe Hd(mean)+ZFAXHSD)E YRS
a1, Zb 2] A vl B o)A AL Student t-testo}
Duncan multiple range testZ ©|&3lo EA X3 &
p<0.05 FEAdA FolFFs HAAsIA

200, 300 pg/mL F= o4 &4 A7 100 pg/mLFE Ee

THEL Axe 443 2otel dFS el et wheiA
o]f-o] BE APl e FHF T=R AL 25 pg/mLet 50
ng/mLe] 3= FEAX t5o] A7 ST 4
F2AEY £EES WoR FYPT e d7ES v

120.00 4
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Fig. 1. Effects of three fractions from Benincasa hispida on
cell viability in 3T3-L1. The cells were incubated during differ-
entiation with various concentrations of three fractions from
Benincasa hispida, and the cell viability was determined by MTT
assay. The values were calculated as a percentage of cell viability
of the control cells not treated with fractions. Each value was
expressed as the mean+SD of at least three independent experi-
ments. “Significant difference compared to control group at p<
0.05.

shol AE R FEWATE FolahA UEkTH2L22). of
£ 2459 AHS97} thav, FE5 8o Jfolo| A 79l

XM | K| I Al

53 28 E0] 3T3-LIAZE L AXAGAEAA A A E
29| 23 HAG e ZAgate] Ao AHE A=A &
A3t7] 913l Oil Red O B A& o] &3fe] 3T3-L1AE W
of ARE A AN AP S F5t] Z & vug A
¥} BHHH-L¥} BHHH-H= 92.9%%} 95.1%% N.Control<]
100.0%¢F B¢k AT A ES YR IE, BHHC-L#%
BHHC-H+= 85.0%, 83.7%°¢]il, BHHE-L¥} BHHE-H=
90.3%, 87.0%% BHHCS} BHHE= N.Control® 5714
AAE YUY AY. EE £ E A TolA P.Control&
1122%2 FAA 27t Uebsith Fig. 2B F41¥ A
T& dAvFoR #AFsto el Aer 37t f=H
N.Control¥} P.Control®} Bl sle] BHHCS BHHES] =]
T Aol fAFeE AL AT F UJH(Fig. 2).
3T3-L1 A3l A lipid accumulation $F&-2 X WA E o] %]
W A& vl Hriste 7Y dRkEd
A3} #Hsty RuE AANES ez 3
AE A A @2 7 vl A] FH|TE A4S 2=
£-& adipogenesis #g oA lipid accumulation®] 7+
I7F delde Ao 2 AAEI JTH4,21,22). WHERA]
7] 50 ng/mLe] BHHCS} BHHEZ} 3T3-L1 A WA 2 <]
adipogenesis &4 & Z-8-3lo] XA E W lipid accumu-
lations JAA 7= A AT & AP

MIZLHEQ] triglyceride &tzf
Ol F-50] 2= TGS} perilipin A9 28 dujd=z
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Fig. 2. Inhibitory effects of three fractions from Benincasa hispida on the lipid accumulation in 3T3-L1. The cells were incubated
during differentiation with various concentrations of three fractions from Benincasa hispida, and lipid accumulation levels were de—
termined by Oil Red O stain. The values were calculated as a percentage of absorbance of N.Control. Each value was expressed as
the mean+SD of at least three independent experiments. “Significant difference compared to N.Control group at p<0.05. "Significant

difference compared to P.Control group at p<0.05.

Ao} itk 7 Aol Ao Fag B AL
F1&t7] el A e TG S FFF o) oaf =
A3tAH(Fig. 3). Oil Red 0¢] A3¢} o] 50 pg/mL2
BHHC®} BHHE Aol we} Al W&o TG o] 21.1%
9} 164% 2 23R 3 N.Controld @ EAF 2 2ko] 7}
Ueltth 2 Aol B3 B8 F 50 pg/mLe] BHHC
gt BHHEE AWAIEZe A W TG A4 oA &xs
Yelll= o2 Yeiytth

Free glycerol &gt

APAE W 2" AEgol EAss TGZE #8 =4
glycerol@ A"k o 2 o] A &H 1A 9] Z-5- glycerol
S AE ¢ Ao FEjEo] 7roR o|FHA HTH23). 1t
Z7FA 2 3T3-L1 AR A ZA ANX € free glycerol®] FHaFo]
A U TGY 238 A=& o2 Yepdls =7t

ok B AFdA T34 2 EE2S 22 s 23 N.Control
4 ¥l st BHHCE 10.1%9} 13.49% 7H43131 3L, BHHE=
12.6%9F 16.6% = SA Uelgton] FAA O FoJgh 2}o]
2 Jg ek =3 P.Controld Blwstd e RE T3}

28850 $A8 FI48 Vbl AekFig. 4. AY 23
A4g 2E ARES WO FYT ATENN A A

N.Control P.Control BHHH-L BHHH-H BHHC-L BHHC-H BHHE-L BHHE-H

Fig. 3. Inhibitory effects of three fractions from Benincasa
hispida on the intracellular triglyceride (TG) in 3T3-L1. The
intracellular TG content was fluorescently quantified by Aipo—
Red™ assay Kkit. Each value was expressed as the mean+SD
of at least three independent experiments. “Significant difference
compared to N.Control at p<0.05. "Significant difference compared
to P.Control at p<0.05.



T34 £9E0] 3T3-L1 AYAE 23 Ao mA= 9% 899
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Fig. 4. Inhibitory effects of three fractions from Benincasa
hispida on glycerol release in culture medium. The values
were calculated as a percentage of free glycerol content of the
N.Control not treated with fractions from Benincasa hispida. Each
value was expressed as the mean+SD of at least three in-
dependent experiments. "Significant difference compared to N.
Control at p<0.05. *Significant difference compared to P.Control
at p<0.05.

ol ue}l free glycerol &Fo] E7lste Aoz RuH uf
Aeh(42]), ¥ dAFoME T3 BHEES A et
free glycerol ¥H&Fe] Hast= Ao Z Yetsth oejg 4
#= adipogenesis Z7|AAIFE A8 E A g3} adipo-
genesis PFA ) @A oA A = free glycerol TS
Hlwgk o= 2t A4 2, AWMLY A% TG
o AL A M FA e R FEH = free glycerol &9
Ha7F Uehd Ao R Roln, oe|d A= T £YES
(BHHC, BHHE)®] X A|%A| 2] ®315 A8t A+
Aogol Aar, o]FA AAHE Ao EINE A viF
Z FE5 = free glyceol?] F#o] 73k Aol 7|93}
Aoz e

[ﬂ

iox r-1u:
r 2

PPARy, C/EBPa, leptin mRNAS| 245

T EEE oS AWFA AU oH EAAAESHA
w7l El 93] ==X &21st7] 9138l adipogenesis
g7 &3S Yl BHHCS BHHES A XA £ ¢
B3=2 5= 344 g3l PPARy, C/EBPq, leptin
mRNA9] FdE FA3HTh AAFAAM ALAZE &
stahe Hgelle A Ao o AT gl Feshy
HSHETE ol gl AWAE So]4 A markerEe] W

¥ e

¢

Z7 e 22 AstEA Wyt R, o] 9} ghA A 2
E3}9} #HE transcription factors2] 2& 3} adipokine®
o Bul7E S7F e A S UEY a5 Mg S8
3k &2 2 PPARy, C/EBPq, lepting & 4 Aot
(24-27). PPARYy®} C/EBPaE 2 &3} 27]d &do] f&
ol 3} &7)7F =H et adipogenic RIS HH

Fr=3tH, B3hE A LA G go] FA A St

°
e S Yehdoh 3 o] 5L leptin 59 adipokine¥}
22 adipogenic proteing9] Hd Fod &S ghrh

180 ~ HPPARY

OCEBP a
160 i OLeptin
140 A

120 4

H oy

100 - = “#
80

60 4

mRNA level (% of control)

40 -

20 4

O 4

N.Control P.Control BHHC-H BHHE-H

Fig 5. The effects of three fractions from Benincasa hispida
on mRNA of PPARy, C/EBPa, and leptin. The values were
calculated as a percentage of each transcriptional factor versus
actin as an internal control. Each value was expressed as the
mean+SD of at least three independent experiments. “Significant
difference compared to N.Control at p<0.05. “Significant difference
compared to P.Control at p<0.05.

(2829). T2 & EE 9|3 adipogenesis 9 A7} PPAR
ve} C/EBPadl & Aol ofgt RAQIX|9} leptin E &
AWt JEFS mx=A FA3H7] 913 real-time PCRS
AAlste 1 wd A=E Husth. PPARvY A
N.Control® ®lnsle] BHHC-H® BHHE-H”} 12.5%<}
445% 743993, CEBPa® 7% N.Control¥} ®]nla}e]
BHHC-H¢} BHHE-H7} 15%%} 67% 2 #H4aste= Aoz
Ebutth Leptin®] 29 2 BEE ¥HE 102%9} 345% A&
7F e AE g9 4 JAHFig. 5). 5 £

BHHC®} BHHEE £ transcriptional factorgE¢] &3

AAFozA A W TGY B4S =2  AAL A

lo
o

AEZFH o2 3 £33 L& 53] BHHE= BHHCS} H] E_O}
o] A|F o7 F& anti-adipogenesis 42 e ,
o]= PPARYy, C/EBPa, leptin®] Z& ZFio o3k Ziii
A€t oo BHHEE MR 7574 A2 &89 &
A& Aoz AAHEY. FF o vivo F7HE T3 F714<
Z}-8-714 0] ¥3 X BHHE® 0I5 7|54 &2 g
ol&d & e AHoE FoHEATH

o OF
e =

2 AFolA 53 EFEEY ATEYS 58 52 A
74 B8 &9 4t £ (BHHH), E22¥E £3(BHHO),
dgolM o] E &35 (BHHE)SES 3T3-L1 #3174 Zol
e & Oil Red O FAHll 2|3 lipid accumulation, *]
B triglyceride 32 #7138} a1, free glycerol release
H

ek} adipogenesis®}t ¥ transcription factorg 2]

=

=
FZ2E T anti- adlpogeneSJS g
& STl

o A8 WAUZE 7l
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900 frd

2} 84T} 50 pg/mL ¥%°] BHHCS BHHE®] @& &
st AAE W AE FHE 11%9) 13%=2 Sk X
AZ W FAAHTRY e Y w59 7t F8E
21%9F 16% 2 A vErsth TG o] Haeh A7
A2 =2 o] 744 = anti-adipogenesis FlIAYZES 93] 7]
130 free glycerol ®RI S H71819 59 Fx< BHHC
9} BHHEONIA 242} 13%9} 17% 745 o] vebgth, BHHC
¢} BHHE+= A|X7} £3}sl= 59 PPARy, C/EBPa, leptin
o] mRNA #d$& dAs= A2 Z YETh 53] BHHES
7%~ Z} transcriptional factorE2] &S 45%, 67%, 35% =
A3 A A7) $543F anti—adipogenetic 2 2 VEFE
t}. o]o] BHHE® IH|T 7|54 LAZ €89 & U
Ao g werETh
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