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) o This study investigated the improved lipid metabolism effect of 3T3-L1 cells induced by adipocytes
Revised 1 November 12, 2019

Revised 2™ November 25. 2019 using the dichloromethane (DCM) fraction in the organic solvent extract of Wassong (Orostachys
Revised 3° November 25, 2019 Japonicus). To confirm the cell cytotoxicity, each of 6 fractions of organic solvent extracts (EtOH,
Accepted November 26, 2019 Hexane, DCM, EtOAc, BuOH, and H;0) was examined using MTS assay. As a result, it was

confirmed that the DCM extract was stable over the whole range of concentrations, and a DCM
fraction was used to confirm the improved lipid metabolism effect. Lipid excretion was measured to
confirm the change of lipid metabolism. 3T3-L1 cells induced by adipocytes were treated with DCM
extract and stained with oil-red O to evaluate lipid accumulation. As a result, it was confirmed that
Key words the lipid efflux was significantly improved. In order to confirm the mechanism of lipid efflux, the
ATP-binding cassette sub-family mRNA expressions of ABCAT and ABCG1, which are lipid transport proteins, were confirmed by

A member 1 (ABCA1) _ real-time PCR. Therefore, the present study confirmed that the DCM extract from Orostachys
ATP-binding cassette sub-family Japonicus has the effect of improving the lipid metabolism on 3T3-L1 adipocytes. In addition, the

G member 1 (ABCG1) - ; : . .
Lipid metabolism results of this study will be used as the basis for the development of functional foods using

Orostachys japonicus Orostachys japonicus and also for conducting research on the detailed mechanisms.
3T3-L1 Copyright © 2019 The Korean Society for Clinical Laboratory Science. All rights reserved.
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density lipoprotein, HDL)2] 74, A& £3f}
A2 AoVt oA iyRHT]. IAESS A=, 7N
I= A 5okEo] ol A&oli QAT o]t SkE=
AW 7282 A7 = A oiA] W & 2| 5
Hp= 4 Aof| oifshk= o] S-asithal of AR glom,
o] o] F ShE HASS o83 A U thi s 24
SF 2 A oS S = Sle AT R 715 41E0l o
A7 &S] o|FojR AL UH8-10). 3 HAAE FEE2
Zgslo] Blgtt TAES 5= Aok B2 A7 AIEE
UTH11].

5 Orostachys japonicus)|e BIIE, 2F401x, 7194
S0 & Edj= S0 S0l thd 2EAEE =2 U
oL} 7R Bl A AAISICH12). S, Y&, =5 FokAof
o] 9] Exst1 91oH flavonoid [13], fatty acid [14],
phenolic [15], triterpenoid &, sterol [16] F2} -2 TIFsH
A =482 2dekar Qlar, |AAAILT], FAERH1S,
19], P=H20] 59 715 7HIetal Harghe}, Eok 2o o
TollAt= 2SS ol 81t 1K RAE A ] %158
=27 QloH21, 22]. 22 B2 S 71 o4 715
7 Aol e Etskal Ao 7= ] Aol AHdsk=
OIS Bl A ). wEbA F2oll= s71ollA] Aeist
8 7]=0]1 Q. o= o8t HlRbid B} Al
o5 H o]FolA It fF 771-8H FEE= ol&sto] H]
T FEOA BRI aXtE SRIGH A AT H Tk 3l
UTH23]. SHAJE &) 552 55 HdS o2t BliA
A}of| thet A= v 4] Eo] o] FofR|=’F, H]9te]
Q11 A A TALe] 7 Exlof TS A= mvgE A
ofc}. webA & Aol AMAIZE R 3T3-L1A129
tZZ29eHdichloromethane, DCM)O. & F&3} )% &=
S5 Agole], AREQl A AL A E S| AEIE 25
8291 ATP-binding cassette sub-family A member 1
(ABCAL1), ATP-binding cassette sub-family G member 1
(ABCG)Y mRNAZd= 75519t} £ A& EY= ok
FEEZ SE AR A AT gl ol 5 EYi= g
7167 A&7l Helo] =1z} gt
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(EtOHYdolA 3AIZFERT #olA BtOH 2252 5 7, 3id
et 55718 o8t FEEQ 50| o|Fo] At s=5H
FtOH £&E2 77t A4 Hexane), 2 2HE(DCM), o]
HoAE[o]E(EtoAc), FERBuOH), &(H,0) o= 81j
I ABES S22 At 81 Fs%71E o]
g3lo] Z- BElES 7R &3t H, B AAXE Eolo] Axs)
AZe}. Z23go A A E DCM 28152 a7 ARE31%
oH24].

2. MIZEHHE

AFo]| ARgE|ofX] A ZF= A AHWAE(pre-adipocyte)
913T3-L1 (Korean cell line bank, Seoul, Korea)= 5}
of ALESISIEt. Bl fioto] ARG HliAl= RPMI1640 HiA|
(Gibco, Grand Island, NY, USA)° 10% fetal bovine
serum (Gibco), 1% penicillin streptomycin (Gibco)E 4
ojA] Hljofol ARG 7141 Al ZER 37°C, 5%2] B
iodeas e VS Il Rl i e

3. 3T3-L1 TX|YAMIZES| X|LM|ZZZ S}

3T3-L1 AFAIE 2315 fIoto] th29] W2 E-85Hitt
[25]. 3T3-L1 FAAPAZE 197F viFoto] vieFg Al vi=o]]
HZA71 & RPMI1640 BiA]9l 10% fetal bovine serum,
0.5 mM 3-isobuthyl-1-methylxanthin (IBMX, Sigma
Aldrich, St Louis, MO, USA), 0.25 uM dexamethasone
(Sigma Aldrich), 1231 10 uM9] insulin (Sigma Aldrich)
= 7Ioto] APAIE20] BOLE 5t 397He] vk &
RPMI1640 HiAl 10% fetal bovine serum, 10 uM<]
insuling 37Fslo] thA] 37 HlFsto] XA 2 EolE
Elieg

4. MZE=4 20l
2ok A oA 77181 FEE Al s SRl

7] $loto] MTS assayE ©]-85t3tt. 96 well microplate©]l
5x107H9] S AMAIEE B3A31 %, Zkzke] 718+
F2E20, 25,50, 100, 200 pg/mLo] = 751} 244]
ZFuioFslict 1 & 10% 5 =2 3-(4,5-dimethylthiazol-
2-yD)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) A|2F& #|2]5}aL 37°CoflA] 24171 il
oFs}al Multiskan-go microplate reader (Thermo-fisher,
Pittsburgh, PA, USA)E ©]-8-5}1% 490 nmolA S35 =74
Elieg
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5. Oil-red O At
M9 AEHTHE ERIsH | Yot oil-red OFAHE ©]

-g3t0] Az} A28 245190t 6 well plateo]] 3x10°
70} 3T3-LIA|ZE vliefsto] AA|E £3} 5UA}0) 5= 0,
25, 50, 100 pg/mLe] 5L & 2l DCM 252 A5
o} ESits & uiflE AlAokal, phosphate buffered
saline (Gibco)2& AJA5}L 10% formalin (Sigma Aldrich)
o7 1AREERY AlEIAE AASIIT. 60% isopropyl
alcohol& ©185f formaling A5kl 60% isopropyl
alcohol®l] 2%2] 5= =2 =21 oil-red O solution= 2|51l
1087 A2 AASISITt. 572 33 Ald &, Je-dv| 3
Aol ARE2E S70ER .2, 100% isopropyl alcohol&
Ahgato] G 2 B8] & Multiskan-go microplate
readerE °]-&519] 490 nmoflA AYTFE FFH o= 54

stk

6. Real time PCR

Az AdHlE 71 gR1S fIste] ABCAL, ABCGl&
mRNATHAIO]A] real time PCRE °o}&5to] =513t 6
well plated] 3x10°749] 3T3-LIMZS vjefsto] A A=
H3} 583} 212} 5 0, 25, 50, 100 pg/mLo2 21 DCM
FEEZ Aot &8 9= F HdHS AAske
phosphate buffered saline®@® A% A2 & TRIzol
(Invitrogen, Carlsbad, CA, USA)S o]-&slo] mRNAEZ S
AAI5H9TE TRIzold chloroform (Sigma Aldrich)E 217
HAiEE] &, chloroform3el &% mRNAE isopropyl-
alcohol (Sigma Aldrich)™} ethanol (Sigma Aldrich)< ©]
&5lo] AdEH o7 Fe, A& & 71%510] RNA pellet= &5
519} &% RNA pellet-2 260 nmollA S-33%5 &755]0]
B2 ARSI 1 ng total RNAY oligo (dT)18 primer
(Invitrogen)S ¥ 70°Co] 1057+ 485} AccuPower ™

RT PreMix (Bioneer, Daejeon, Korea)E ©]-85}] 42°C 60

Table 1. Sequence of primer for real-time PCR

E 94°C 587t Hlgsto] dDNA templates TAJsIt
Real time PCR2 3M3%H cDNAZHH primerE °|-&3s}o &
=, AFEAE 571 Slole] AAlstio™ gdE 2 uld
cDNA®} 18 uL® PowerUp SYBR Green Master Mix
(Thermo Fisher), Z}Z+ 1 uL9] forward primer®} reverse
primerE 41012 5, StepOne™ real-time PCR system
(Thermo Fisher)& o]-835lo] PCREAS A5 Table
1) [26, 27]. PCRZAL 95°CollA| 15% denaturation, 60°C
ollA] 15%7t annealing, 72°CollA] 187t extendsk= 2742
2 AL AFEA L CrghS 0] 8310] 2 4TS AT
Sto] SIS
7. SAXE|

= A2 39 W SRRl o, Al A= Bl + HE

QA& slo] Ao, 15 7HROE(P<0.05) Student's
t-test= SIS}

2 1

1. MTS assay= 0|38t MEZEM =H
MTS assayS 01851} 2220 47187 A5 AmE4
S 31519t Figure 1). 1 A3} 25, 50 pg/mLolAl= EtOH,

100

80 00 pgaL

E125 pgml
E50 pgmL
® 100 pg/mL
W 200 pg/mL

60

40

Cell viability (%)

20

Figure 1. MTS assay of each fraction for 3T3-L1 cell viability. 3T3-L1
preadipocytes were plated at 5x10% cells for each wells. Each
extracts were treated at 0, 25, 50, 100, 200 pg/mL. Absorbance was
measured at 490 nm.

Gene Primer sequence (5' to 3) References
ABCA1 (forward) GGT TTG GAG ATG GTT ATACAATAG TIG T [26]
ABCA1 (reverse) TTC CCG GAA ACG CAA GTC
ABCG1 (forward) AGG TCT CAG CCT TCT AAA GTT CCT C [27]

ABCG1 (reverse)
B-actin (forward)
B-actin (reverse)

TCT CTC GAA GTG AAT GAA ATT TAT CG
CCG TGA AAA GAT GAC CCA GAT
CAC AGC CTG GAT GGC TAC GT
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Hexane, DCM, EtoAc, BuOH, H,O & E]of|A] QY221 A
T AYZES BoJFa1 91014 100, 200 pg/mLollAE EtoAc,
BuOH, H,O03lAl= Al22 AEE0] sk 2ol ERIEQL
t}. SFA|YF EtOH, Hexane, DCMFEE2] 49+= 4 529
A =& A ZAYEEC] ERIE G OH TIF00A 7P MRABEE
°] P8 DCM FE== 18519 2R50f| olojd 2 Agof 4
&5k

AA| 22 B35 3T3- *ﬂEO AEAEAFE Bl
95} Oil-red ooﬂ&ﬂ—% ot Figure 2). 21 23+ DCM
FEE0] A=A g2 A ﬂiOﬂHL A A A o= Fe
A A7 20| H A& B 4= QUQlh o= Al ol B2 Y

Ado] Z4x=|o] 932 Qnlskal o]= AAE E5HE $i5t

AFAEE B3to] AMAIE7 2o SeE QlvlRitt 11

o] Z}ZF DCM3EE-2 25, 50, 100 pg/mLE 25t 3-Loll=
2 A4 Zzo] ol 89 Ao & RIS = Q3L

A2 Aol DOV 29| 57} oblng eslo] 24
o] 5 o oR Ptk A8 U5 DOM
22 100 pg/mLAR oA AL o] F3] 2

(a) (b)

100um

() (d)

100um
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ZOo=E HRIth A4l ok HFHow Prlstr] st
isopropyl alcoholZ MAE GEAAAN T4= S5 A
St ATKFigure 3), §H A& TAPS et 7R 1L 5%
SJEH 0T MAo] ofo] ZrAcHs AL B 01041:]-_ E35
DCM F&E5 50 ug/mLe} 100 pg/mLAZ] o1 Holl=
H2H0 pg/mL)oll Hlste] f-oj2 0 &2 2o °ok°] AATE A
= Hoj5=a1 Qlrh

_4

>,

-

2

S
|

________________________________________________________

--------------------------------------

60

40 4

20

Relative lipid accumulation (%

0 25 50 100 (ug/mL)

Figure 3. Relative lipid accumulation. 3T3-L1 adipocytes were
cultured at 3x10° cells for each wells. Absorbance was measured
at 490 nm (*£<0.05 compare with 0 pg/mL of DCM extract treated).

100um

Figure 2. Qil red O staining. 3T3-L1

adipocytes were cultured at 3x10°

cells for each wells. (a) 3T3-L1 control

adipocyte (0 pg/mL), (b) 25 pg/mL of
100um DCM fraction, (c) 50 pg/mL of DCM
fraction, (d) 100 pg/mL of DCM fraction.
(Scale bar=100 um).
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AACT »
)
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Q15

Relative Expression of
ABCGI1 mRNA (2
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Relative Expression of
ABCA1 mRNA (224€T)

'
*

Figure 4. Relative expression of mMRNA
level. 3T3-L1 adipocytes were cultured
at 3x10° cells for each wells. Each

mRNA relative e@ression were pre—
AAC (

sented at 2 a) ABCAT mRNA
expresstion, (b) ABCG1 mRNA ex-

0 50 100 (p@mD

3. Real-time PCR 2412 S5t ABCA1, ABCGT mRNASH

ABCA17} ABCG1 T 0] mRNAZFE 432 real-time
PCRZ =793t A7(Figure 4), ABCA19] B¢ DCMFEES
50 pg/mL¥ 100 pg/mL A FS o 2F mRNALE E4
o] oA o2 FTTRFAZ & 4 Stk 53] F 5= oA
EEOJEAR UAZTH FE7F Hol i Qlrk ABCG12] -5
£ 50 pg/mLoAE 7oA HAS7 = U] Rtk
thagke] S Al 9lom, 100 pg/mLolAl= o
Zt3k vlasto] gt I ERIEITE ABCG19]
mRNAZEFA| ABCA1T MRVHAR 5 Q&4 dds
7V e7} =]k

2

a

2 AFollAE oS f7181 2222 ol&sto] A A
o] S Ao XS] AAAL WA IS EA5IT £
A 25 oS {718 FEES ol85to] AA| 3T3-L1AIE
of thgt A=/ SIS fIoto] MTS-assays AAISH At
(Figure 1), %2 -5%(25, 50 pg/mL)oll41= EtOH, Hexane,
DCM, EtoAc, BuOH, H,O % E&ojlA QPgH A ZYEES
HojF 9Jglou, EtoAc, BuOH, HO0A = 1355%(100,
200 pg/mL)ollA thAze] AlEEEdo] QE A o= Rl
t}. o] =7t f71- 8017 7H B4 8ofe] E/gatolof gt
A0 & AA| f71-8ve] ol T2 ZdAlolof wE Al 2543
2Jo|2 ofafjEct. E MTS-assay= 5o EtOH, Hexane,
DCM AI7HA] 2] QloiAt=3T3-L1 Al|2of| thigh d 5k
oA ThA FYHE AMEAEEC] gl H9loH, JFokE
DCMFEE| 7H AlEE/do] A2 Aoz SRl Hglon=
9}&9] DCM &5 ol-85to] AA| A1 AthAL 7hdaxt 9l 7|
RIS fIste] AeE]o] ARESIITE Oil-red O B4}
A A E]E 259 DOM $2E9] 50 WA 5% &4
0 2 ZAE Aero] HAE]=Alo] 2R = YItFigure 2). ©]
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pression (*P<0.05 compare with 0
pg/mL of DCM extract treated).

100 (ng/mL)
= A 5201 ofsto] Aol S4o] H cholesterols2]
o] =252 B -Ra/deol Jsto] Al A1 duE50l
738F=|o] Al 2| dSAFo] A A0 R AlEshH, 55
& YEH o At ANE HORE uf o]= AA| 259
DCMFZEE°] Bt e= Tofieth. 4 #4001 QLo
Ak 50 pg/mL, 100 pg/mLo] FE=E A2|5I3S wf thz=t
of| Blsto] Fol2Ql A4 AT ERIE QL O of=sfig
SEoA Y] AR A HHE5 = 2JIRItKFigure 3). &
ANE 551 &k DCVFE &S] A HiEs A= S
ISkl o, AAIARI A duiEs 7 At F40] AAIERY
t}. ATP-binding cassette transporter sub-family A member
1 (ABCA1)Z} ATP-binding cassette sub-family G member
1 (ABCG1) apo-Al°f AlZEY =&=]o] 19 cholesterol
< A5stod HDL cholesterolS 873 SX1oto] & S AH]
E5E5ETTMIA ARAIRL] S AT 5= Aokl I=A
AEH28-30]. T3FABCA1-2VLDL cholesterol 51l @o] 23t
%o} QJ+= triglyceride T3 HDL cholesterol o851 7+
AAIA FH, 7S] ABCALS SAIAZ] A3 70%C )
triglycerideZH|7F 57HE A7-23= QITH31]. £ AgolA
= HDLEHAEIE B2 SX15kaL AFA| 2] XS vlEA]
& 7 S ARSEA 2Rl ABCALF ABCGlE
mRNATHAIA real time PCRE Bdlo] S743l] Hokch
(Figure 4). 71 23} ABCA12] 73-%- 503 100 pg/mlL E7O14]
FelZQl 57t gRl=deh §5] 507 100 ug/mL
DCMEFZE Azl f94 Alol= o ARt 5k o
A9l TSP Hott o= Yol HolHd 2 AujEs2
=& B35 HFigure 3)2F 22 9lE AY= 2=
AIA] ABCA] THE o] SA37I= QIR A HiE-5-9] 59
F2 ZAZ7I= et B3 ABCG1o #H E3F 50
pg/mLolA= Qu|Ql= Hak= & 4= Y1124 100 pg/mLel
A== 257 = I wbA 962] DCMS
Z=0] oJste] A1 =5 E Q] ABCA1¥ ABCG1 2]
ST7PHERIEGIAL o] & -E5to] AA| AW S4E ZeA

° 1

i



B3 e A Eo] A2 WiEE S-S oulditt. £ <
T 2R 0 F ZZ0] o]Ro]7] 9E0] DCM g 55
9] GC-MS¥A A7t FZE04 campesterol FHIAHE)
/30| theF T Flo1 9SS Barolgl=t24] o] FHuAHIE
2 52 okgAlEo] m3lE]o] Ql= 1B FHAHE AR
AW LDLO] S5 Waao] HETA Agho] 98-S Soj=rt
£ 27 QIeH32]. 34970k T8 E A AHIES o]
g310] A4 Al Eo] ABCA1TF ABCA1EO] ot Zut]
A QAL 7R g atol] st A7t E Qs Aok £ AT EF
Slo] 2150 DCM F222] A2 §- 5 3T3-L1A1E
tigh A AeEs S et RIS ddiakslo] g2 A
38 EAeL AAA BAE ob/Ioke vlvtt 5W s} 1A
3 L2 AF AL o[4Sl 2 A7 AT} ERo] =90
Sic}. ESE DCME] T2 7181 & EE XA thAL 74
o] Bl 4977 L Qsltt £ ATE EHE HAE
< o] g3t AAHAL A St B2 A7t A4St 1 avt
Q1 s AwRto] Ugtow gt
O OF

i |

£ A= oK 77180 2535 DCMS= ol-8sto] A%
A= 5 3T3-L1A|20] thgt XA 7R aaks gl
Sh= Atoltt. AlREE/dS Siklsl] fIet] MTS-assays ©|
8sto] 67H4] £8l9] o) 77181 2E(EtOH, Hexane,
DCM, EToAc, BuOH, HO)°ll tigt S447ARE AAlste] A
30 tie QA S BRI, 11 A DCMFEEC] A 5%
ofl 244 QFg/do] e Rlotal, A|AhAL A EIE I
5}7] fl5tod DCMB-Z ARSI, -4 A dtiaL /i aats
gRIsk7] Yote] AE HiEsS St AHZERE f

5 3T3-L1AZ] tiste] DCMFEES A28t 3 oil-red O

;O

N

|

= g

—1%_ =

A RIS = girt ELH A1 HiiE 5 242 flste] A
1 ABCA1, ABCG19] mRNA®E-E real-time

PCREZ BRIgH A3 DCMFEE A& Al 4Rl 371t

e 11 5. wEha] 2 A5 B510] 26 DCM=-

S50 3T3-L1 AHAEo] thste] A -tAL R 8317} 3
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