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Inhibition Effects of Galla Chinenisis Extract on Adipocyte
Differentiation in OP9 Cells
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Obesity is associated with numerous diseases such as type 2 diabetes, hypertension and cancer. Inhibition of

adipogenesis is a effectite strategy to anti-obesity. In

this study, Galla Chinenisis extract (GCE) inhibited adipocyte

differentiation in OP9 cells. There was no cytotoxicity when cells were treated with GCE in designated time intervals,

unaffected by concentration. In this cell model, increase

s in fat storage were inhibited by 2 days treatment with various

concentration of GCE, visualized by Oil red-O, BODIPY and DAPI staining. To understand the underlying mechanism
at the molecular level, the effects of GCE were examined on the expression of the genes involved in adipogenesis
by real-time PCR. In the progress of adipocyte differentiation with GCE-treated, the mRNA level of adipogenic genes
such as peroxisome-proliferator-activated receptors gamma (PPARY), computer-assisted axial tomography/enhancer

binding protein-alpha (C/EBPa) were decreased. Also,

GCE treatment inhibited increase of mRNA expression, which

is adipogenic factor such as fatty acid synthase (FAS), hormone-sensitve lipase (HSL), lipoprotein lipase (LPL), and
adipocyte-specific lipid binding protein (aP2). Therefore, the result of this study suggest that Galla Chinenisis extract
can prevent adipocyte differentiation and GCE may have a great potential as a novel anti-adipogenic agent.

Key words : Galla Chinenisis, OP9 cells, Adipocyte differentiation, Peroxisome-proliferator-activated receptors gamma,
Computer-assisted axial tomography/enhancer binding protein-alpha, Fatty acid synthase, Hormone
sensitive lipase, Lipoprotein lipase, Adipocyte P2
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3itka 7)E 5 0] Uk RO R e WA, LEFIK, ik,
SIS, Wi So] B8 sheH.

QA= 2 U IH(Anacardiaceae: 5 R ol &3 % &
INEARSQ B (Rhus Chinensis MILL )9 g7l 2wz} 2
717k BifgE Fol A HHERer, Aoy FHYUAE AA
&o] g HIleH, EF(), BEF(Ham)olgE o &
T = GEE([Rhus chinensis Mill:EHA), 5% (Rhus
potaninii  Maxim.:757%:#3), &% F(Rhus punjabensis var.
sinica(Diels) Rehd. et Wils.:fL5k#)& Hetch ke MlEoE
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1. <A

£ Ago] A 2vxe 20099 109 9JAHA] AEF &
A ool A st en, Feetd BrkE St ¥4
a3 EEAIE (NNMBSO51)E HAEAFRF 443 (Y
Fojsta oFgtuiet ofstayo] RastAh ujAl 70% ol e
2259 HFEA BEIE(NNMBS51)S AAEANGREF84A)
o] BEsta ok
2. AeF

Axufel AMEE  Axu]F &7]%  FalconAl(Becton
Dickinson, San Jose, CA, USA)ZHE TYstH o, A EZuj
A2l MEM-q, FBS(Fetal bovin serum), &4l 5& GIBCOA
(Grand Lsland, NY, USA)Z5-¥ F¢3o A}-83} T}, Insulin,
Dexamethasone, EZ-CyTox
Assay(Daeil Lab Service Co., Ltd, Seoul, Korea), Oil red-O
solution(Sigma, 00625), DMSO(Sigma, Lot#845%) A& < A&
st

3-isobutyl-1-methylxanthine,

3. OP9 AlZujeF

OP9 NEZF+= v= MEF 23 (American Type Culture
Collection, ATCC, Manassas, VA; catalog no. CRL—2749)°1] AT
YA A2, 20% FBS, 2 mM L-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycine &-f3 MEM-a Bl A ol 4
37°C S} 5% CO, Al 7)ol A wj kst AT

FEE FH 5|

St Aeo A Wx)slL, 3000 rpmoll A 302 F¢F QAR 5]
AARES FAgozH 2ua 70% AeSFEE HFEA B
& (NNMBS51) 3.29 g& AlZsIAth

5. OP9 XA B3 f&

OP9 MEE 20% FBS, 2 mM L-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin®] 38 MEM-a H] A] ol A
W F, confluent 3 FEi7} HW 85 FEAT. £3t
A2 A& Day-0 ©l2t & i, 10% FBS, 175 nM insulin, 0.25
UM dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, 2
mM L-glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin
< e MEM-a WA 2 vt 29 F 10% FBS, 175 nM
insulin, 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml
streptomycing 33 MEM-a WjA 2 v}AFE & 3Y &< )
Fadh. ®aE AIA ge IFES 20% FBS, 2 mM
L-glutamine, 100 U/ml penicillin, 100 ng/ml streptomycin®] 3%
€ MEM-a WA 2 FdstA mHE. L2t FEE2 Day-0
oA 5 g 20 pg 50 pg/ml FE=E A ok

6. NIE 5428 (EZ-CyTox Assay)

omAt FEE] AWA L 3 HEZEAGRE 89157
8te] EZ-CyTox £¥(Daeil Lab Service Co. Ltd, Seoul,
Korea)S ©]&3t%th 1.5x10* cells/mle] OP9 AEES 96-well
plated] ¥l g3t F T3 w29 enA FEES A F )
FatAnh 2nRt FEES A AT =F A H 10 ulf)
EZ-CyTox &% (Daeil Lab Service Co., Ltd, Seoul, Korea)S 7}
wellol  H7Fst &, 37Co|A 3A17F 8] %43te]  microplate
spectrophotometer (Molecular Device, USA)Z 450 nm 3}7o]

B

7. Oil Red-O staining
Quak FE=o] OP9 ARATAHELS £3H5 A=A
B2 #2987 98] Oil red-O0 FAHE ol &3
45x10°cells/ml OP9 M ZE 6-well platedl] W] ¥a+ &, ths &
%(5 20 and 50 pg/ml)e] LA} FEES A3 F, A E
Z F3E FEdi. T3 HFHer duvd F, HAEE
3.7% formalin® 2 30%3+ LA F, 60% isopropanol® 1H
Al F gt} 1 ml Oil red-O solution(Sigma, 00625)S 73 &,

60E3F AR £, 32k SHFE ol &3t 3W AlFeta dx
A171 &, &1 7(Olympus IX70 model)& ©]-&-3to] 20041 &2 &
F3tat. 959 FE& $slAE 100% isopropanolZ A E Ul
2" lipidE 943 Oil red-O solutionE FE34

microplate spectrophotometer® 510 nm 330X FHZ=E
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Qv 2389 A
AstAoh
8. BODIPY ¥ DAPI staining
45x10°cells/ml®] OP9 M ZZ 6-well plateo]] wjeFgt &, o
ek FE(5, 20 and 50 pg/ml)o] S| FEES A &, A
WAEE 238 FEATh 5Y7 #3E = F AEZE
3% parafomaldehyde® 30&7F F2olA uAFAZN %,

phosphate buffered saline(PBS)Z 3¥ A1 #3tAth. 30 nM
DAPI(Sigma, D8417)¢} 1 ug/ml BODIPY(Invitrogen, D2191) &
HE A7 F, AEEFTINA 020 =EA F, AT
(Olympus IX70 model)& ©]-8&3}of 2008 &2 Z}7} 3}k, =
g 3FL o)&3te BYHh

9. Total RNA £ % cDNA 34

237l £ OP9 AXZHH total RNAY £E Trizol
reagent (Life Technologies, UK)& ©]&-3to] A Z3|A7} A58}
Wi we} 42331 th 6-well culture disholl A v ke
1.5 ml tube 01] &7

L

45x10°ells/ml M EZEPBSZ A H3 &
3,000 rpmell A} 58 <k A4 ke AT

&5

At AE JHEL 500 ul Trizol reagent® 834171 3?—, 50 w0
chloroform% A7lsle] 9L o)A 587 uF A AT HFo]
Ed F 13,000 rpm, 4ColA 2083 9ARGs] FEAS A
22 tubedl &AHT ¢ G5 Hol| 5H9 isopropanolS 7}t
o H42 F, d5AA 3023 REEAI AT ¥Eg-o] B %, 13,000
rpm, 4T oA 2087 A4 Re]sta AAES 80% FtOHR A2
stk Al # € RNAS AxA171 & DEPC7F A2 € 20 w2 =
ojx FHAFTANMN FREE FHst FFaHch

F S (Real Time PCR)

(reverse transcription reaction) 3-5 pg total
RNAZ9} reverse transcriptase (MMLYV; GIBCO, BRL)E o] &3]
Az Al A Al gshe Wl wet ke JAAF v
total RNA (3-5 pg), oligo d(T)12-18 (1 xg), 2 40 dNTP (10 mM),
MMLV reverse transcriptase (200 U), DTT (10 mM), RNase
inhibitor (1 u{; Promega, USA), 20 ul €% 8<% (50 mM Tris-Cl
pH 8.3, 75 mM KCl, 3 mM MgCl)ol g5 kAo g 42T
A 608 FQt BHEAA DNAES FAsAT. AA FHEL

ArE2 108 343 DNA®| taq THEL7F EFH 2X
SYBR-Green &% &9 (Roche Diagnostics Ltd, UK)E WH&A| A
LightCycler rapid thermal cycler system (Roche)& ©]-&-3to &
Pt Act 2oFsH, reaction mixtureS 108 F<QF 95T oA vk

[e]

[s)

A7l %, denaturation (95C, 10%), annealing (58°C for FAS,
HSL, LPL, aP2, PPARy, C/EBPa or 60C for GAPDH, 5%),
elongation (72, 10%)9] Z7|A 45 cycless 33t &
d8 47 A4 mRNAYS LightCycler System software
(Roche)E ©]-8-3to] GAPDHe theh o2l Fo 2 ALkst
Atk Aol AME®E FAS, HSL, LPL, aP2, PPARy, C/EBPq,
GAPDHY] primer ¢17] A 8-2 Table 16 ZE 713}t

11. SAA

AE A3 mean:SEMOE RAEP oM A9 A3
2 One-Way Anova test (Microcal Origin; version6.0; Microsoft;
USA)dl| ol3tdem p< 0.05¢1 A% 98 Aoz a4t

Table 1. Sequences and Accession Numbers for Primer, Forward
and Reverse, Used in Real-Time PCR

Gene Sequence for Primers Accession no.
A e TTOATGGOMOATOTOO G M008Bt
S Romns GCTGTOGTOACTOITAGTOATI  NM-00708
P2 el TIGTGGOAMACO0ACTD  NWL02HE
ML Revese T0GGOCACOGGTAMGAG  NWLOIOTI9
LPL Fovrss TGACATTGGAGTGAGGTTCTOTCT MM 00858
PPARY e GOGGGTGATATGTITGARGTTG  NM-01116
CESP rovyas GOMGMGTCOOTGGAOMG MM 0TETE
2 ¥

1 enlAel AE 54 53
QA FEEY ALAE B3 3 4PS 59 A

3 FEE Pl 5 20, 50 ug/mle) FEE OP9 A Eol| 24,
48, 72, 96N 7t HE & &, AE=AS Al AT v &
£ FEF7t wWE OP9 AZ o] AEXAETEL Wyt veht
A A tHFig. 1). 294 FEE S OPIHE] N E 545
YER A 9o} 5, 20, 50 pg/mle] EEE AWAE E3lo] thdh

E92 2A T (Fig. 1).
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Fig. 1. Effects of Galla Chinenisis Extract on cell viability in OP9
cells. Cells were treated with various concentration of GCE in designated time
intervals. The cell viability was evaluated by EZ-CyTox assay as described in
materials and methods. Values are mean = SD of three replicates.

2. QWA AWM E E3hol vk a3

oAt FEEo OP9 AWATAEY ®3E AA=A
o712 8913ty 9ste] 5, 20, 50 ug/mle] FEE OP9 A E
A2l &, AZW F428 A(lipid droplet)e] %S =73
|Z2 237} B OP9 AEE AWATAE E3lolA

=
ZAAYS EolH oz AMAI)E Oil red-O B4

)
o%
X
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Y - BE
< o] &3t AW A A= E ZABIAH 5Y Ft 3t
g 3, dz2Te AE W AW 4 AE7 Skt ov o
A FEES AYS 72 AW SHo] Faste AWAE £
st dAEAT AE o 4" Oil red-O 959 ¢
isopropanolZ &3¢ &, 43 Z 5, 20, 50 ug/ml 7| #
F2ES AYFT TS HERT(100%)l wHlste] zzZ 27.7%,

487%, 63.7% % 2 5HA A3 Hh(Fig. 2).

AAE E3tel ek Qv FE2E] AAEHRE AXE W
Aol Eo]HQl ¥g-& UEY= BODIPY 985 ©]&3te] A
ZAbekaL, FA)o o] So]F o Wh3dlE DAPI 98 E o] &
st ZAMG AT Fig. 294 FASHAl AMAE 2315 A
tHFig. 3).
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Fig. 2. Effects of Galla Chinenisis Extract (GCE) on adipocyte
differentiation in OP9 cells. Cells were incubated with various concentration
of GCE for 2 days. For OP9 cells differentiation into adipocyte, Cells were
cultured in MEM-a medium containing 175 nM insulin, 0.25 uM dexamethasone
and 0.5 mM 3-isobutyl-1-methylxanthine for 2 days, and then in MEM-a medium
containing 175 nM insulin for 3 days. The Qil red -O stain were accomplished
as described in materials and methods. Values are mean = SD of three
replicates. Significance: *p<0.05 and *p<0.01 vs control group.

50

B) DAPI C) BODIPY

A) Qil Red-0

Fig. 3. Inhibition effects of Galla Chinenisis Extract (GCE) on
adipocyte differentiation. Cells were incubated with various concentration of
GCE for 2 days. For OP9 cells differentiation into adipocyte, Cells were cultured
in MEM-a medium containing 175 nM insulin, 0.25 uM dexamethasone and 0.5
mM  3-isobutyl-1-methyixanthine for 2 days, and then in MEM-a medium
containing 175 nM insulin for 3 days. The Qil red -~O(A), DAPI(B) and BODIPY(C)
stain were accomplished as described in materials and methods.
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3. 21 ze] PPARYy, C/EBPa &l mx& 9

ARAFAEAA APAEZR B3l e A B F/7Y
adipogenic transcription factor£<] QA A 24| 93t
HEe AR 4EA k. vA FEEC] ARAE B3E
zAse HAF A2 €217 PPARy, C/EBPa mRNA &
A S A7) fete] 2357 2 OP9 A EE F3s)
o] total RNAS £2|3t] cDNATA F, A2 A4 54 5%
3-8 o]83td mRNA #d AT E ZASHAH.

O

dzdolAe AAER 23154 29, 39, 494 PPARy
mRNA o] Zhzh 1.7, 3.74, 458 F7letd o 2uA &
A Tl M= 242 0.64, 134, 249 2 A H AT &
3t C/EBPa mRNA LHAE tz2Fo s AWAEE £3}a

=

A 29, 3%, 494 747t 2.2u), 368, 558 F7EstA o, 2w}
FEES AP 7+ 114, 139, 2382 I A = A ThFig. 4).
£
B
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Fig. 4. Effects of Galla Chinenisis Extract (GCE) on PPARy and
C/EBPa expression in OP9 cells. Differentiation conditions are same as Fig.
2 legends. PPARy and C/EBPa mRNA expression levels were measured by real
time PCR as described in Materials and Methods. Significance: *p<0.05 and
«p<0.01 vs GCE non-treated group.
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Fig. 5. Effects of Galla Chinenisis Extract (GCE) on adipogenic
factors expression in OP9 cells. Differentiation conditions are same as Fig.
2 legends. FAS, HSL, LPL, aP2 mRNA expression levels were measured by real time
PCR as described in Materials and Methods. Significance: *p<0.05 and *+p<0.01 vs
GCE non-treated group.
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4. QWA A ]

enA FEE] AWME F3hot #HAE {FHARD FAS
HSL, LPL, aP2 #do] m|X= JFE A f5te 2871
9 OP9 HEE %@z‘s}oq total RNAS #2]3l9 cDNAHA
5, AN A 5a S o] 83t 7t 349 mRNA
I ZA}8tAt FAS, HSL mRNAS 729 sz oA
231514 497 o2l wiske] zhzk 10449, 2244, 268 Z7}
stoy, uat FEES A3 FolAe 72 0.64], 0.94,
3281 2 JAFQLem, LPL, aP2 mRNAS] YT |z} 35
ES A FAA e #d 7 dEUA At (Fig. 5).
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adipogenetic
cytidine-cytidine-adenosine-
(CCAAT)/enhancer binding proteins (C/EBPa, C/EBPB % C/
EBPS)Y] ¥ o] f=5 11, o] 0] adipogenesisS] T8 FH QI
peroxisome-proliferator- activated receptor gamma (PPARY)<]
L FEsted B35 AP Aoz dEA g, 23}
g 27104 FEEE C/EBPRBE 27l wdo] S7HE
o} ool e WA 7438, C/EBPas} PPARyY @S &4
3 A71E 755 Y. PPARYyE adipogenesis®] 8 ZHA}
A fatty acid synthase (FAS) % adipocyte-specific lipid
59 adipogenetic geneS9] THS =3

adenosine-thymidine

binding protein (aP2)
g,

2u]A} FZE<] adipogenic transcription factors 2] & o
Aw st JFS WA =XE mRNA 2 Tl g Hhd o A gls)

Fom, AWAEL 315 2dsE AAF IAE €2 F PPARy,
C/EBPa mRNA?] 3%, hZ2FANE ALAEE £53HA] 3
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