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Abstract

The effect of methanol extract from Luffa cylindrica (LCM) on lipid metabolism and underlying mechanisms
of lipolysis in mature 3T3-L1 adipocytes were investigated. The intracellular lipid droplets were stained with
Qil Red O dye and quantified. Compared to the control, lipid accumulation was significantly decreased by 19.4%
with the treatment of LCM at the concentration of 1000 pg/mL. Intracellular triglyceride (TG) level was also
reduced by 21% at the concentration of 1000 ug/mL. To determine the mechanism for the reduction in TG content,
levels of glucose uptake and glycerol release were measured. Incubation of the 3T3-L1 adipocytes with LCM
did not affect the cellular uptake of glucose. However, the level of free glycerol released into the cultured medium
drastically increased by 24.3% with the treatment of LCM. In subsequent measurements using quantitative
real-time PCR, mRNA levels of hormone-sensitive lipase (HSL) and adipose triglyceride lipase (ATGL) except
lipoprotein lipase (LPL) were significantly elevated at higher concentration. These results suggest that LCM
partially stimulates the lipolysis through the induction of HSL and/or ATGL gene expression, resulting in the
reduced lipid accumulation and increased glycerol release.
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a3 Bge] 2™ Fag IS @t JdohG-7).
Hormone-sensitive lipase(HSL)E AW 2ol A oj
F T83 lipaseZ 2= A ¢ke ™ insulin?} epinephrine
T s2E 2HEES vt EANETSH 7HE I 2
W triglyceride®] ¥3]|= protein kinase A(PKA) =+
protein—coupled receptors®} cyclic AMP-activated extra-
cellular signal-regulated kinase(ERK)oll 2]3F HSL2] <14+
3t FAol gt Ao = A UTHE). TNF-ue T2 g5
#A 1A #Aste A0Z dHA U™ NF-kB &4
32 B3 A BEE - = AR gHA do
(6). NF-kBe] &A43l= Hivte] f=o= #do] s AL
2 FEHVE AR A7 AET FES QLR 3e
Aol A At BHE F7HAZITkL F1EnE ATHER). H
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ol = adipose triglyceride lipase(ATGL)®]| triglyceride®l
olfo g AL3te AR ELE Y H e AYES)
A AA GAR t2 Aol =Y A AEete EAhR
AAA L ATH9). AT 2ol SR8k A+ perilipin
A AL AREIE JAS=E 2oz AztE =
I 7)Ao 2E HSLI ATGL 59 A Esase] uT
of thgt H& Wz 54 71AY &S JAst
= RO E JAAFHIT YT,

ZAm) S o) (Luffa cylindrica) 22 E2 A W24 1d
= = AP0 2 A A2 ThFE A HgE ol
oA AT} Ao 2= MHE FAR Y dEE
3 2718 AHsH AxAIA AHEsta o 2

a T &5 Jde AR &HA AvH10).
qEo=

N

+ saponin, coumaric acid, a—spinasterol,
stigmasterol 5& X33 glom AA7A g, 9
24 59 5ol U@ A77k AW wh ok B Aol
oFA7hA S U} s FAmle0] o) rlu e
7Val7] Y5t AAAF LAl LA in vitro 3T3-L1 A4
Azl Re71An G5 AEetnA o

oL o,

= ol |ok
40 =< =
Aﬂ neo]l FAxZx £ At E ATl F3

SrAl Ao freezeroll A -70°C7t
A FE5 YA F %@ %7 (freeze—dryer, Bondiro
DC1316 Iishin Lab Co., LTD., Yangju, Korea)ol| A 72A] 7t
Bt A3t 100 mesh A2 YAS n2H 3to] FAn L
o] BS A3yt AlFxH FAHv o] B para film
o2 A3t -20°Coll W RASAA AME-SEH T Oil-
Red O gAA1eF ZEAME =4 71E, MTT A2k Sigma
Co.(St. Louis, MO, USA)ol| A Q43R L, A W triglyc-
eride qF=4HS 93+ AdipoRed Assay kit Cambrex
Bioscience(Walkersville, MA, USA)o A, RNA 2] E 9
3+ RNeasy mini kit, Tagman =& &4+ Qiagen(Valencia,
CA, USA)AIA T943te] AH&-3tth 3T3-L1 W &3t A
HHA| ¥ = American Type Culture Collection(ATCC CL-
173, Manassas, VA, USA)Z R 7439 A WA x o] &
3lof] A&% AJ2FQl insulin, dexamethasone, 1-methyl 3-
isobutylxanthin® Sigma Co.Z%E F¢ste] A3 st4oh

TMO|20| HEE FES9 M=

FAue] FAAX B 100 g2 vES 2 Lo} 4
WH71E B3 d2olA 16417 <t HE3ke] 3,000 rpmel
A 2087 A E 23 & Watman filter paper(No. 2)& 3
Z4E AH3GAT o|FA Ft BojX FEES A T
Z17](Eyela, Tokyo Rikakikai Co., Tokyo, Japan)Z ] &

22 TIAA WPeFT F o] FAAZE sof A w7}
A 20°Cel H@sA e F2S T Aol AV

3T3-L1 M=ZHlfn} 23]

3T3-L1 AAAEZ2] g} F2= 10% bovine calf
serum(FCS)E ¥4 Dulbecco’s modified Eagle’s medium
(DMEM) A& 5% COq, 37°CoNA] 60% A E7} A5k uf
A Fs SI=E stAch A2 #38k= 6-well plate
well & 1x10° MEE EFsto] AZ7} 100% DHEA v &
ST (11). 29 ¥ 10% fetal bovine serum(FBS)$} MDI
solution(0.5 mM IBMX, 0.5 pM dexamethasone, 10 pg/mL
insulin)& 33 DMEM ¥ A& 3¢ &< A28kl oA
10% FBS9} 10 pg/mL insuling Z3§3F DMEM= 39 &9t
AP sQaL 1 o] F = 10% FBSE X3 DMEMO.2 Bl %
st Al W AT F4E TASH AAER B34
Atk BT 129 %Y #E3E T3l 80% o]/ M2}
T3 E IS A ATh

MTT assay

Hi ek gl E5lagel A A& e M2 FE HES
=g ol MTT(3-[4,5-2-yl]-2,5-diphenyl tetrazolium bro-
mide)E formazan dyeZ ¥ sl= 58S HHF =2 o]l &
sto =<l o}%it‘r(lz) 44 3T3-L1 AlZ£Z 12-well plated
A B3N & F7EE 48412 B vl Fske] Hank's bal-
anced salt solution®] §3JA1Zl 50 mg/mL MTT €§4& 3
7hsted 37°Cell A 4A12E 1 v Fatal 45 d& 2 PBSE
AH g & 1 mL DMSOE #7138t 984S 3417 v
570 nm(reference wavelength; 665 nm)ol 4 3= & =73

st

Oil-Red O AT} triglyceride Et2ke| &8

60-mm culture dishol A #£3+€ 3T3-L1 AZ= 0, 100,
200, 400 600, 1000 pg/mL =2 A2 ste] 482]17F &<t
wj kel & PBSE 23] A& 3}al 1%(v/v) calcium chlorideS
2 7k1 %] 4% formaldehydeZ A|EES 3087 AALo|A 114
ARG 248 NEE 7ZA1Z] & absolute alcoholol] X
AlA 0.4 pm filter2 o738k Oil-Red O @A A|2FS A E
40-1—7]' 223 & PBSE Oil-Red O A A| kS 3o 2 A

3] AlH3tdal DMSOR f4d A& FrEA1 &
560 nmolA E3EE =43}

M W triglyceride 32 AdipoRed assay kitol] A A] &
o] e AR wet A=t o] WH-2 Nile Red
AR 0 2 A triglycerided] 5ol & Ao & A
ATH12). $-A B3l 3T3-L1 Al EE 48417t B9t A1)
2ol HgE FEES FEHE XS $ PBSE 23] Al¥
3 20 uL9] AdipoRed Al eFS #H71sle] 2083 F712 4
Lo A B FBFAR L excitation 485 nmS} emission 572 nmell
Al B2 E F5t ARE A}k
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Table 1. Sequences for primer set for lipase amplification by RT-PCR

Forward primer (5’ —3')

Reverse prime (5" —3’)

GAPDH CCATGAGAAGTATGACAACAGCC
HSL ACCGAGACAGGCCTCAGTGTG
ATGL AACACCAGCATCCAGTTCAA

LPL ACTCGCTCTCAGATGCCCTA

TGGCAGGTTTTTCTAGACGG
GAATCGGCCACCGGTAAAGAG
GGTTCAGTAGGCCATTCCTC
TTGTGTTGCTTGCCATTCTC

Free glycerol®| &7

#3158 3T3-L1 ME A 85 X3 F 48417t u st
B A= eppendorf tubedl] ¥ il 70°Col Al 10837 7FE35HA
AZ2REYH fFd 8455 B3 A1# T 50 uLe]
A& glycerol reagentel]l H7Fste] 187F ¥HSA17] & 1-mL
cuvetted] &4 ¥ FFEE 540 nmollA SH3I Y. 9]
] @) A S-S Bradford $HOZ Al AXFE BA

e

Reverse-transcriptase polymerase chain reaction

AZ W % RNAE FEsta Z#H3H7] Y8t RNeasy
Mini kit& ©]8&tAt 1 ngel & RNAZE oligo(dT) primer
¢} superscript I SAALE A9} A HE-$-A1A 13 cDNAS
A2 eE PCR HWHS-2 1 pgel cDNAE Gold Taq poly-
meraseE 3 7}3}e] 32 cycles¥ PCR ¥FH&-A1Z1 o}g 15%
agarose geldl A7|953 Z EtBr2 gAste] UVlA
DNAE &<l3tal DNAS A& #42 Applied Bio-
system Inc.(Foster city, CA, USA)JA A&FE 7500
Systems SD software version 3.1.& ©]-&3lo =335ttt
PCRol A}8-% primer set-2 Table 19 YeE AT

SHXZ|

A A= Hi(mean) £ EFTHZHSD)E YERA T F
A2 94 Duncan’s multiple range test®} Student’s
t-testE o]-&3dte] TFHE] AolE FAA G F p<0.05
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Fig. 1. Cell viability of mature 3T3-L1 adipocytes, deter—
mined by MTT reagent, with treatment of Luffa cylindrica
methanol extract at various concentrations. Significant differ-
ences were determined by Duncan’s multiple range test at p<0.05.

Zot ¥ o

MzZSHA
FAr L] HEE FEEY MESAH HIAE B
3T3-L1 ARAEZE o]&3te] MTT Al @Rl o3 =
FH(Fig. 1). 0 ug/mLolA 1200 pg/mL 5= ¢ W
=73k A3 1200 pg/mLe] F=71A] Al o] A o
| stk webA o]F o) mE Ao E Kot obA

o
S
)
e

#351¥ 3T3-L1 AgA 2ol FAlr| o] HeE FE2ES
0 pg/mLel A 1000 pg/mL7HA] A Elg & A= AE A%
Toll v A= JIFE Fletr] Y3l Oil-Red O AleFo = <
A A3 600 pg/mL=} 1000 pg/mLel A 2+ 9.7%2}F 19.4%
o] s YeEM AT (Fig. 2). Eol3F -2 200 pg/mLoll A
o] AQl sl WE e 600 pg/mL# 1000 pg/mLell A
Al Fo] A Q1 HAZE YRS TE 200 pg/mLoll Al dA1H L
A2l 718 B Aol & ©& F 71X &%
Hetvde ZAeg AAHAe @ed 2 olf<= Fig. 39
triglyceride®] #&#Fo] Fxol wel Wyt UetA] &3t7]
j Foltt. wetA AF oA YERG YAIFQ] FUke Y
ARl Qo] ot Ao 2 weHT) o= €8 600 pg/mL
oo nEEAA YEhd AlE ) ARFZH A=
Oil-Red O gAel tigt ArAE 2 AZAME L 272
31 5 A tH(Fig. 2). FE2] AW = triglyceride} per-
ilipin Ast 22 duidg g5 317 wEo] A<
ZAaE B AEsHA gelstr] A3 triglycerided] FH<
FFAAgFl o3 gt hFig. 3)(16). Oil-Red O |4
ZAye} vz 7EAE 600 pg/mLe} 1000 pg/mLe] &=l A
A W9 triglyceride] 3o Zh2F 135%9}F 21% 74
e Ao E yElyt. AT EA5tE triglyceride
3T3-L1 AFAMNE2HE ALA X2 B3t DA oA
3714 Ao & AAAET AAZ AEZ U2 FYHE =2
3] thAl#g, SR/ 2 lipoprotein lipaseo] 2]a] & % o]
FHE EesgAlEd AL 283 AE W de novo Al
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A; preadipocyte
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C ; 200 pg/mL
D ; 400 pg/mL
E ; 600 pg/mL
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Fig. 2. Inhibitory effect of Luffa cylindrica methanol extract
on the lipid accumulation in 3T3-L1 adipocytes. The intra—
cellular lipid accumulation was quantified by Oil Red O staining
and also optically observed by an inverted microscope ( x100; A:
undifferentiated control, B: differentiated control or 0 pg/mlL, C:
200 pg/mL, D: 400 ug/mL, E: 600 ug/mL, and F: 1000 pg/mL).
Values are expressed as the mean®+SD of at least three in-
dependent experiments, each performed in triplicate (n=3). Sig-
nificant differences were determined by Duncan’s multiple range
test at p<0.05.
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Fig. 3. Inhibitory effect of Luffa cylindrica methanol extract
on intracellular triglyceride (TG) content in 3T3-L1 adi-
pocytes. The intracellular TG content was fluorescently quanti-—
fied by AipoRed assay Kkit. Values are expressed as the mean+SD
of at least three independent experiments, each performed in trip—
licate (n=3). "Significant difference compared to control group
at p<0.05.

600 1000

WAk AT T2 Q) THHSE AE Yol trigly-
ceride7} A= 0] #3} npA B GAZMA A&EHoZ A
T= FAEA Hed Agre] AdsE A7)E Adtet
o 71 A7 AR S7HsHA "ok B Aol FANL
o] gtg FEE AT AAEHE HAS37) st &

|
B AYTE Bol wE G2 5 UE A iR 24

'E‘OH J_‘L-\:‘

Sl

5521 600 pg/mLe} 1000 pg/mLolA] =1
A7t JSE AT wEpA] Ao A tigk 287 %
T 7FA S A s ded AA, AT B2
Sk rao} A4, glucose F9 AR Q1g A 39
A SN HESA

Glyceral release &8

A E W 2" Aol ZA) 3= triglyceride} &
A=A glycerold AAFe 2 urolX | QAA 9 A9
glycerol-& A2 9] Aoz [ Ho] 710 R o]FH
o(17). 2R 2 3T3-L1 ALAZA = 82 gly-
cerol®] gr#Fo] AW W triglycerided] £3 =2 7HH
02 Yeidle 571 "ok £ 7oA FAn o] HEs
FZE 0 pg/mLellA 1000 pg/mLoAl A Mg A=} 1000 pg/
mLol A 2 & glycerol®] ATt 24.3% Z7H3F AL ¢l
St = o] triglycerided] #3Z At Aoz AZHT
(Fig. 4). AWAEANA triglyceride?] #3]= insulin res-
ponsive lipase$] HSLY| 9j3] F& mj7fE o] X & Aow &
HA ded AE W Ao s - % GAR
A AR YT}k B AT A= F2E glycerolo] HSL 52
A a el ofgk AR #eaty] 913 mRNASY Ed
I AYHEZ FYE glucosed] ¥S =439t

o

Glucose uptake®| &3
A HFA E o A glucose uptakes A& A5 AGH A
o o3 MEAAAM AxTo = OI%O}t glucose trans-
porter-4(Glut-4)°ll 93] o] F 1R tH(1819). XA E9} &
SZA oA Glut isoform?®! Glut-13 Glut-47} +2 283}
o glucose uptakeol] #oJ3t}, Glut-1 A WA X, 54
¥ ada 2o gE A X x EAs= Q&de] S0
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Fig. 4. Stimulatory effect of Luffa cylindrica methanol ex-
tract on glycerol release in 3T3-L1 adipocytes. The values
were calculated as a percentage of free glycerol content of the
differentiated control cells not treated with Luffa cylindrica meth—
anol extract. Values are expressed as the mean=SD of at least
three independent experiments, each performed in triplicate (n=3).
“Significant difference compared to control group at p<0.05.
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Fig. 5. Inhibitory effect of Luffa cylindrica methanol extract
on glucose uptake in 3T3-L1 adipocytes. The glucose uptake
was fluorescently quantified by using 2-NBDG in the media con—
taining no phenol red and glucose. Values are expressed as the
mean=SD of at least three independent experiments, each per—
formed in triplicate (n=3).

BAIglo]l AEutel] EAS) o] 9} & Glut-4& A E 2o
FxEo] uirt e EA Al AXRe R o] F 3ty
glucose uptakeE &o]3}A st Aoz dE A UTH20-24).
AFMNER FYE EETFL NZHH S 3l triglyceride
o] AFE A2 glyceraldehyde-3-phosphateE A4 &}A =
31 tA] dihydroxyacetone-phosphateE 7 A glycerol® %
oA Ho o] A2 AAatat Agsto] triglyceride® $H3
Hol A5 FAsH doth webA AVAE HE I=
9 < AA 2] Z3tet Al XY A S2 o] Fagh
S ot shAlth £ AFolA FAv o] HEgs F&
Eo] AH ALY m e Jake BHelslry] i s At
319 3T3-L1 AAZEAAN AE U TEZo Fde 5
To met A8 w3yt e eiskoh(Fig. 5). 53] 1000
pg/mLoll A ZHAsteE AES e AR BA A o4
< YEhA] gtk ol fd A= FAR o] HEE
Eol 2= dAletE dEgle o2 AL T3 A3
kel 28 JAIS Aoz FHHAT 53 EE%O]
AAAHoE AE YWE FY=EE JHE T3l Aol 42
= Esta Aol FH o] fastdtte A2 AE U
X]H}-f] TOH—"C‘:ﬂ' Q"*ici‘:} = —or‘-"ﬂ El=gsl= i
3]

=

P

A AL Bofdte AR aa E LPL, HSL, 28] 1
ATGL®] 37HA =2 434 Ak L =g Awzz,
Az, a8y =42 F99 ‘j/‘ﬂﬁ*}"ﬂ F= B33
A= AE 2 424 chylomicron®l]
‘H‘S}Oﬁ monoglycerides} = A& <] Aito g FejE §
I Y2 o] &olstA FgozA ATAEZY trigly-
ceride A2 =& FE AL0|TH25). o] ¢} ¥HA HSL

— triglycerideE

_Hm

FAm o] HgE FEE AE &Y 817
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=
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Fig. 6. Effect of Luffa cylindrica methanol extract on mRNA
expressions of lipases in 3T3-L1 adipocytes. The values were
calculated as a percentage of lipase mRNA expression versus
GAPDH as an internal control. Values are expressed as the mean
+SD of at least three independent experiments, each performed
in triplicate (n=3). “Significant difference compared to control
group at p<0.05.

< ot=dddA =229 Fgo) ol &d3tE protein
kinase A(PKA)e] 93l 14t} 2oz a &dslso] Mx
Wl A3} triglyceride® £33t X|WAatal A=
S Aste A2 A JThG). olw AdE glycerol
Al pro g fEjHolth H2 5o ATGL a47F By
o] triglyceride®] #3 A @A diglycerided] AAdol| o
s Aoz A Joh26). wEkA LPL, HSL 18]
ATGL &47re] -8 wet Alx | A S 23)7}
44 FE 2ES ¥4 dva g B AFelA e
3T3-L1 ALAEZHE LPL mRNAS] &S 213 A7
FAH o] HEE FEF A ©E EdE YERA
3k th(Fig. 6). o]ol ¥ra]l HSL-S 600 pg/mL3 1000 pg/
mL FXoA, 281 ATGLLS 1000 pg/mLe] FZ=olA]
mRNA 9] @& o] 747} 13%, 37%9} 24% =2+ 49 F71S
eI AT o8 s de FY =< 1000 pg/mLelA
HSLe| W&ol ATGLET T B2 AHEFS Hol JdaFAol
=8 Ao AAE FAu Qo] H
cerideol| A diglycerideZ &3 &= A
Z-gste Ag Yrigitt. 283 0=

eg FE 59| trigly-
GA A FHH o=
A E3t9 3T3-L1 AW
Ao A FAu S o] WEre FE2E9 AWEHH JA a7
£ HSLI ATGL AMHE38] G49] 23 Z7lo) 93k Hog
dogh

ﬁ

i

o 13
—

238 3T3-LL APAZAN FAv2ols] Hee 3
Bol Agel %1 2 wahel vlAE FFL FASY &
vl ool o) e FEF A 0~1000 pg/mL)oNA
A BAR lE 42 FA 2 600 pg/ml o]
o FEAA AE W] AgHHo] JAHYT 55 Ay
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W triglyceride &) A= A2 YEIRT o2
Ao 3t 7]AE Y&l x=Fe F9 AR AT A
Y triglyceride®] ¥/d7+49} AW EHE L] 5= <l
3 M E W triglycerided] £3l 719 F 5

o SAFoE FAv oY HEs FEEY EEY F9Y
AA AHE APSAAT o} A F3F

SHA T A RS E4 5 LPLS Al9g HSL¥ ATGL]
Az doe] F7hgol whet Al W triglycerideo] A4+
glycerol2 | HAS ASZ YZ4EHH o3 A= A=
92 fF ¥ glycerol®] o] FAm| 2ol HEE FEE
1000 pg/mLe] F=lA F718 AL T3l AGATE += AN
o}, kAP 600 pg/mLe] F =l A triglyceride #3=
Ao glycerol®] §87F frold oz YelA] g2 A2

0

g317] A e B =& s=rF Badk Ao
o HurE oz B Agdae FAv ol wE
o] B3}% 3T3-L1 AWAEAA Ao AL
ov 59 wx7 o 2 HAE vl3) tha

do gz Aoz Aatog= Aol AL A
Azte] e Wi 2 F0 2 A FES] AMEE A FHvE
2ZAe 7HsAdel s A= A7

o4

ARl =

2 A= 20089 % sH7sAAE (ARPO)ATH A
Aol ofef sFE Aol dioln, ofo] HALE EHYG
(A ¥ 5:108067-3)
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