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Antioxidant Enzyme Activity and Anti—-Adipogenic Effects of
(-)-Epigallocatechin-3-Gallate in 3T3-L1 Cells

Younghwa Kim

School of Food Biotechnology and Nutrition, Kyungsung University

ABSTRACT

Obesity contributes to the development of diseases, such as type I diabetes, hypertension, coronary

heart disease, and cancer. In addition, oxidative stress caused by reactive oxygen species (ROS) is recognized widely
as a contributing factor in the development of chronic diseases. This study was examined the antioxidant and anti-adipo-
genic activities of epigallocatechin-3-gallate (EGCG) in 3T3-L1 preadipocytes. 3T3-L1 cells were differentiated with
or without EGCG for 6 days. The production of glutathione (GSH) and the activities of the antioxidant enzymes,
such as glutathione reductase (GR), glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD)
were measured. EGCG inhibited significantly the lipid accumulation and the expression of adipogenic specific proteins
including CCAAT/enhancer binding protein o and adipocyte fatty acid binding protein. The production of intracellular
ROS was decreased significantly by EGCG in 3T3-L1 cells. EGCG increased the GSH production and the activities
of GPx, GR, CAT, and SOD. Moreover, EGCG increased the protein expression of glutamate-cysteine ligase and
heme oxygenase-1 in 3T3-L1 cells. These results suggest that EGCG increased the activity and expression of antioxidant
enzymes and suppressed the lipid accumulation in 3T3-L1 cells. Therefore, the use of phytochemicals that can maintain
the GSH redox balance in adipose tissue could be promising for reducing obesity.
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HIRES -7 A S ol Aok 1 o) b o Q)
S A = AU F4 FHE L=t vk A
AAHeR Sagh 14 ZAZ A H L glom, 53] HF
o 28, A2 Iy, TN SO AT S Hy
o Bo] e Aem dEA UTH1,2). A E E 3t
whE APYEA 2 Hvke] B3} o] glom, o] IpelA
CheFEE dARIALo) T2 o] wofjinh, APYAlE &3t 27

o &= CCAAT/enhancer-binding proteins B(C/EBPR), C/
EBPS, sterol regulatory element binding protein—1c
(SREBP-1c) wol 2ds o] A7k @450, ol& Al
Qtoll HA43kA HTh(3,4). H L AT Aol w2 H vk
Aks}#] fridate] AU Gk aE(reactive
oxygen species, ROS)S F7HA 7] AL =2 HiEo] §)
th(5,6). JNA = Thge a<lel of&) ¢ gk ROSel o gk w
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st 54 A 2"E 7 AL Qe &
AU ROSS A|AC o] w5 F&
grksl a4 A 2E S superoxide
dismutase(SOD)= Z#4bstE & Akt ae) A4S A
A7 IS Euiehs a4, SODd oA #7118 2}
Aba}4=4+= catalase(CAT), glutathione peroxidase(GPx)
ol o3 & EAbe; kA EXE EElE o m2H Fadw ROS
A ASHE d 719 3HeR(R). WHH Bl g 4% ks Al ~H
gaksl 24921 ¥EYl C, H]EY E, B-carotene, gluta-
thione(GSH), t}%3 flavonoidE E&3HH9).
AW &4kel 2Hg-3 BEE 84 5 heme oxygenase-—1

(HO-1)3} catalytic subunits of glutamate-cysteine li—
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gase(GCLC), modifier subunits of glutamate-cysteine
ligase(GCLM)®} 72 phase I enzyme< ROSZH-E Al
X5 BT 2o g Uvk10). ol 54 THEE
nuclear factor erythroid 2-related factor 2(Nrf2)l] ¢
3 2dEH, sy ~Edg 2 3] Nrf2: phase I en-
zyme®] HHE FUMAF 02N A EELS WA (1),
A (well-being)oll gk #Alo] ool what A

7ol o) 28 2ge] Wrk eldl w1 2nl7) R

Z] L
T
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Z7keta Quk, mxbe] F8 AR o 7 E gallocatechin(GO),
epicatechin(EC), epigallocatechin(EGC), epicatechin-
gallate(ECQG), epigallocatechin-3-gallate(EGCG) %0]

glow o] & E3] EGCGE vt F o] ax7} 9l
I BaEo] ek(12,13). FES AolA EGCGS] 3wt

2 Aast gyt g 28-S Basigl o, Al 3t
oAl zgoll A EGCGol o3 kst a4 &3} atst
2ol g Aot Bard uprk glo ek 2 Aol A
= EGCGe] APPAlE 23} oAl Aol Fatst 28&
olr 7] $138te] 3T3-L1 Mo A AAE 23} A
2Rl C/EBPa % aP2¢] 33t Al W] 3ibs} g0 84
< YolR A} ekl HEgh ROSe] FA ¥ kst a4
d e o] WS dATtsho] APEAl R Estell A EGCGe]
Fabsh ztgow Q% S Hrhstaat a3l

o

Mz A A

ME Y Ak

EGCG, dexamethasone(Dex), dimethyl sulfoxide
(DMSO), insulin, isobutylmethylxanthine(IBMX), 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide(MTT) 2 Oil Red-O(ORO)E Sigma-Aldrich Co.(St.
Louis, MO, USA)oll A 43t} Al w3 #a & bo-
vine serum(BS), Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum(FBS), Hank’s balanced
salt solution(HBSS), penicillin-streptomycin % tryp—
sin-EDTA Gibco(Gaithersburg, MD, USA)o| A -3}
o] A}838F T Western blottingoll AF8% B-actin, HO-
1, GCLC 1#} 8419} anti-mouse 1gG, anti-rabbit IgG 22}
A= Santa Cruz Biotechnology(Santa Cruz, CA, USA)
Al FJsFl . ECL Al 9k Amersham Pharmacia Bio-
tech(Piscataway, NJ, USA)Z 58 T8, 1 ‘%Oﬂ A}
45 FE580] 2 A2 analytical ¥ HPLC ‘§ S AME

sk,

3T3-L1 Mz=e| 23 S
3T3-L1 M*EZE= ATCC(CL-193, Manassas, VA, USA)
ol A EFtot 5% CO8 37°C7}F frA %= wl F7]1(MCO-
18AIC, Sanyo, Osaka, Japan)oll A w3ttt Al uj
o] AFg-3 vix]+= 10% BS, 100 units/mL penicillin®} 100
ng/mL streptomycing g3 DMEM= AF&-3F3ith. 1X
10°719] 3T3-L1 A X Z 6-well plated] seeding 3+ & A
X7} confluent stageo] =234 1 pg/mL insulin, 0.5 mM
IBMX, 1 pM DexE& ¥H#-3F 10% FBS DMEMO. &2 Zro}=0]
AgAEZS] F3HE skl thday0). olE5 AE9 A
= 29 ¥ 1 pg/mL] insulin® -3t 10% FBS DMEM-2.
2 A oM (day?2), 29°] 1 A $(day4) 10% FBS
DMEMO 2 ZrolF=o] Axg A WAE7}F PAEHES &9

o

5}

tHday6).

Mz =4 541
3T3-L1 AZoA EGCG MEEAS etslr] 96
MTT assay e AA 39} Day0oll A 3T3-1L1 MEXE X

PAEE 3 FEF 9 EGCGE %5%625 25, 50,
100 pM)E A &3t o 24A]7Fo] Xt & MTT assay=
AT MTT Aok mlEZ=g]o}o] F e 93] for-
mazans FASNER 11 AAFS SAI Ax] YSE
< J7beth EGCGE Ay e § 694 3T3-L1 Al A
MTT assayS F3sle] |z} Hlnlsle] EGCGE A€
gt AETY AEES Askith
Oil Red—0 At
3T3-L1 Mo AWAE 23 = 64 $(day6) HIA|
AABHSITE WA E A A AlE

& AlA3te] ORO A&
+ phosphate buffered saline(PBS)2. 2
™ 10% formalin NS FHA7lsle] AEE 1A} AlE
F ORO A|oFE o] &3ate] AAlE= 3% 3T3-L1
AE W] A5 At daE A AnAds
|- &3ke] ARXIS A0 W, isopropanol® A% W A+
o] 45 ORO Aoke Agslatgich. 414818 ORO §2
2 500 nmol M FHEE FAe] haTe) FYws va
stol Aol BB ALt

23]

EEET I

al x4

(]

Mz U gdMLAE 54

EGCGE Aelst (A Eo|A FAH ROSE= 2,7 ~di-
chlorodihydrofluorescein diacetate(DCFH-DA)Z o]-&
st FFSA7Z SAHSA ‘jr(14) 96-well black plate
o 3T3-L1 A& 53 F 37°C, 5% CO: v%7]o1A
ujFate] IBMX, Dex, insuling A @|3fo] A ALz &3}
& =319t EGCGE &7 A 2lst day6e] AlEZ= PBS
2 3 AlFskelem, A2 & 25 uM DCFH-DAE §:-3
serum-free MiA S A&kt 1A3ke] At § A=
Al PBSZ 33] Al 8l o HBSSE A gkl Al
Ul ROS®} DCFH-DAZF W&l FA | 339 42 F34
A 71(LS 55, Perkin-Elmer, Norwalk, CT, USA)Z o]-&
3}o] (excitation 485 nm, emission 530 nm) =73}t

kst 54 BN &3
3T3-L1 MAEZdA GSHE} sHits) aio] g2 3 7

= 6dA AEE Bol AT Rokxl AlE= PBS
o} Vibra-Cell VCX 750 sonicator(Sonics & Materials,
Inc., Newtown, CT, USA)E ©]83}9 sonication 3}5] 2.
], 4°Cell Al 14,000< g% AAEE] ste] F5dE dol 2
o A3tk Al Ul GSHe| €432 DTNB/GSSG reduc-
tase recycling assay®ol whe} 83 tH15). GR¥ GPx
9] 48 Smith 5(16)°] East B*H 3} Flohe®}t Gunzler



(A77F Rask S §83te A8t CATY &4
Fossati 5(18)0] B agk W we} 43S 735kt

Western blot

C/EBPq, aP2, HO-1, GCLCY] ¥&8 S dolr 7] 913}
AGAER B37F fFEH day6el 3T3-L1 AEE =kt
A E= PBSE 33 A3 - A4 sklal 45 flellA
lysis buffer(iNtRON Biotech, Seongnam, Korea)el] 30&
ZFAEE F 14,0004 g2 308 Bk AR shivh A
592 BCA protein assay kit(Thermo Scientific, Rock-
ford, IL, USA)# /\]__9_0}01 D]—BHPG_Q_ xqako}o:lq_ Mq@
T E -2 sample buffere} 43¢ 100°ColA 10837 B34
3lali o, 50 pgd ©MAS 10% SDS polyacrylamide
geldl] 7] g3t} ©7] 95 % SDS polyacrylamide
gel2 nitrocellulose membrane® & transfer 3+ 3 5%
non-fat dry milkell 4] 1A%t &<t blocking 311 E}. 1=}
A= 1:1,0009] B EZ A2l 1AIZF F-2A] 7 om 1
< Tween-20/Tris buffered saline(TTBS buffer) .2
1047F 3 A=A &), A2 g membrane 1:5,0009]
Hl &2 8|5 22 FAZ 24 1AIF 5 F-2A7
< TTBS buffer® 10%#7F 3% washing 3F3ith 1 §
ECL(Amersham Pharmacia Biotech)S #2]3 mem-
braned Aol A X-ray filmel 7H3FA1A AAstA T 4
o7 @A band+ Image J software(NIH, Bethesda,
MD, USA)E A}-838}9 densityS A &3}s}5
SHEH

Ad Aol o8 A3 $18ked SAS, version
9.0(SAS Institute Inc., Cary, NC, USA)S A-&3}o] &AL
=4 (ANOVA)S 3 5 /X0.05
AA B AT

FI

<=0l 4] Duncan’s mul-
tiple range test&
dut ¥ nF
A= Y xHMZ 235 AN S0

EGCGoll 93t MEEAL EGCGE s=EE A5}
24717re] Ak 3 MTT assays AAIstel @7hakgint. Al
IEAS SAT Ay Ao AFEE BE FX(0~100 uM)
548 e A &tk (Fig. 1A). =3, EGCGY| ¢ 3+
Wel 48 543817 918k ORO Alefo = A WA
el lipid droplets @Aat3ith. 94"l OROE iso-
propanolell A-&3&ste] A A3 EGCGY =7t 57}
gholl whel | Ao ol A RS sk
(Fig. 1B). Agol| 2183 7 e w52l
EGCGE Uz vlasto] A uht9] X
goton} 7H EL H%ER1 100 pMolA &=
o] djxwdl Hlste] oF 55% AAlE AL

C/EBPai= AWAEo] ®3t5 dsts AARIA 5 38t

) rlr

y

1295

Uz AT 4G A g Fag TS vt 2 A
Toll A= EGCGoll 9] 3k A A2 -3} 27g ol A C/EBPa?]
WS dobr drh, AYAE F3F 6L A AlE M C/EBPa
o] WS ZA% A= Fig. 1Co Yepideh. 29 Ax
EGCGY 7H &2 %9 100 pM= A3 & thzeatol
"3 C/EBPa®] #d& FojHoz oAl Eeh, &
Aol A= EGCGell ¢]3F aP2¢] AL 3 4319 e
W, day69] #3317} &858 3T3-L1 Al ElA aP2 w2 o]
W ek s 218 YElth(Fig. 1D). 3T3-L1<&
2] 2R3 ohFgk AARIAE o8] AAl xR 3t
t}. 3T3-L1 ME7F AMAEE FAsk= Ao dolshs
23 Q1A= C/EBPa 9ol % PPARy So| 9om, &3}
71, &71, F700l HdE e A7) HARIAIES] H3hs A
sAgo R AUAERE E3tdn. £3l7F 5% 3T3-L1
A= A 2 A A8 S ] 543 PPARY, FAS,
SREBP-1¢, lipoprotein lipase & aP2 3} Z-& X|HHA|E
oAl frxte] Hdo] Frtehe Agsty 54 7
TH19). A8 el A= EGCGE PPARy @ F o] W &
HaA7IE Ao R B uprt glom(20), ¥ A o7l
EGCGE ol &3t A9 dAste= 43S JeEpdrh. E=4,
EGCG= AWAIE 23} oAl ek A A 2L2] apoptosisE
Late] gujvk g5 vehde Ze® A Slth2l,
22). o] A3} EGCGE AWAE 23} A] C/EBPa 2 aP2¢]
HHS g o oAlehE S AT = Ao, v
1ol A= A AE 23} oA Al EGCGell ¢ g ROS©]
el gk FFS dotr okt

2

2

| 1—N1 o{}]

jasdd

oz X 1
O

EGCGY| BAAAS MY N &1t

3T3-L1 Al3E2] AWA|E 2 2] F3}
of ofgh Al
DCFH-DA assayE 4
EGCG+ 3T3-L1 l}ioﬂ’ﬂ ROS«] JdS XﬂO}OﬂOUﬂ
Ao Apg3g 71 2 5 5(100 pM)2] EGCGE ROS2
P S dixtol vlste] oF 30% JAA AT Ad Aol
w2 3T3-L1 Al EAA A A ER ] B3} Z7]ol:= ROS
o] Aol Frlstt= Hav) Iti23). ROS @A) 71+
ool dof W qbshH 2Ef2E

AR Ads v o

= BA o)A EGCG
*Mﬂ% dopr 7] 9]t

o

= O = S
wEAE 3

=%
frEste] Buls) gro] ¥

)

St 2o A
T Ao A EGCGE
AA = A E&HMD} hehx
3 B3ty A EGCGOl 23 &

H7}sl7] skl GSHe A3 d4tsl &
3l 1.9kt

e r_?L

{

EGCG2| GSH dut gtitst
ARAZR Lot5 FE9 694 3T3-L1 AlZ
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Fig. 1. Effects of epigallocatechin-3-gallate (EGCG) on cell viability (A) and lipid accumulation (B), C/EBPa (C) and aP2 (D)
in differentiated 3T3-L1 cells on day 6. Each value is expressed as a meantstandard error (n=3). Means with different letters (a-d)
above the bars are significantly different (P<0.05) compared to control.

o] A=k Fig. 3ol YERNST GSHe A %2 EGCG

o o3le] F& oEAQ F7HE BAFth GSHE el
A A E = ArekE ~Ed 2ol thadste] A EE AE U
Edo|th Al U Atsl/3e] E43-e Dot v
Wk Fo] tiAbg A3 I dR S o] okl By
o] ITtH25). Vigilanza 5(26)9] H.ite] ¢]3hd 3T3-L1
Ao AFA E R B3l GSHe #H4S fatsidn
H sk, TR ol e}t AR stE oAl et resvera-
trol®] A= GSHe| F7H& frEstivta RaEo] v
(26). W&k EGCGOl 28t GSHe| A S7FHs AWAHE
3} Aot g BHo] e AL Hlt)

AIE ) FAksl 5491 GPx, GR, CAT % SODE
2E# 2o g AW go]7 el A F
SOD+= Atstz <18 g9+

A% ABIE WSS

)\}ﬁ}ﬂ

Q3 Asre s},

superoxide aniong #A+a4
Zuf3}a, o)== A CATSF GPxoll

ofa) ARE Hasseas ARl FAS T BAt da
BAZ %8s FALLERE A HEDT. 3TI-L1
A3E A EGCGell o) &k daks) gl gk d 32 Table

Lol Jepfiith. EGCGE A eldh 5-& BE kst 54
o] &dol tiztel wlste] folHor Trbslgitt. kst
anel Age vigk Al gadths Bk glov
(24), AFAZ RS E3p7E AlE = 22 olsiM = B
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Fig. 2. Effects of EGCG on cellular reactive oxygen species
(ROS) generation in differentiated 3T3-L1 cells. Each value is
expressed as a meantstandard error (n=3). Means with different
letters (a-c) above the bars are significantly different (P<0.05)
compared to control.

8 fao] WHlo] F/HAThR BekE). uteb B AT A%}
o4 HmelF BGCG o % kst Eae B4 F7h= A
AEZ 23 oAst o] gt ACE WEH

EGCGO| 2|8t HO—-1 & GCLCe| &&l |

EGCG+ GSHE A4 GPx, GR, CAT ¥ SOD &9
ksl g4 A4S TV RE, s AN E
EGCGel )&t AWz 37 ol 4] datsl G40 o
o] A& whuid o] Hy S dolrogrt. & AFeA = EGCG
o 93k HO-13 GCLC wrad ak&of mx]= J3S do}

wgkom, EGCGE HO-13 GCLC wrilde] wal S fiz

wo Hlate] frejH o FUMAATHFig. 4A, Fig. 4B).
GCLC+ GSH metabolismel] #ol3t= 2 iio]‘ﬂr =
3] GCLC+ phase I @49 €429 HO-1 59 o
H z71& "AFQIAFCl Nrf2ol] o8] Z2HHth(27). Kusunoki
S(28)2] Aol 28 omega-3 X3} AR Nrf29]
olgt HO-19 4d & 243t ALAERS F35 oA
sholar &tk 3, esculetin 2 carnosic acid 59 HA
gak3l 522 3T3-L1 Al¥EoA GCLCY =& %38 A
WAERe 2312 JAdtia 3H(29,30). 2HER B
A 4745 F3 EGCGel 93 HO-1 9 GCLCe| &&o]
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Fig. 3. Effects of EGCG on the glutathione (GSH) production
in 3T3-L1 cells. Each value is expressed as the meantstandard
error (n=3). Means with different letters (a-c) are significantly
different (P<0.05) compared to control.

S7hekeE A Ed 5 e, o= 4kt a4 &
A Z7te st AMAER] BalE oA e S &
T AT

2 &
Epigallocatechin-3-gallate(EGCG) & X}l g4 fla-
vonoid Alg sgHE=, k] thE A fradEo= oy

A ) & A= 3T3-L1 Az A EGCGe] 3u| vt 2h-&
9 gaksl g4 G5 st EGCGE AAE 23
£ frojAom oAstalon, AAE Ltot e o
A<l C/EBPa®} aP29] IdS #aAFH T sAl9l EGCGE
GSHe| 45 fFEsiglen, shiksl 491 SOD, CAT,
GPx % GRe| &45 F7HZH EGCGE ABAE #3
ot BT S 7HAaAHT AW phase T &4
Ql HO-13} GCLCE EGCGol 9&l ¢do] fFEs At u
24 EGCGE 3T3-L1 Al¥EoA &3l ax9 A3
Frest Sl ARAERS] 235 JAletE o=
Ebith. 3 EGCGE E444taEe] A48 Ao,
o] EGCGo] @its) #-gol o)k A3 #3} oA 28
o] #Ho] & Ao AHTy EGCGl 93 vt &

fo o

Table 1. Effect of EGCG on antioxidant enzyme activities in 3T3-L1 cells

EGCG (uM) GR GPx CAT SOD
Control 2.80+0.72° 11.56+2.45° 8.34+2.02% 189.58+30.79%
12.5 3.7240.26" 11.5543.37° 7.03+0.30° 145.04+7.87°
25 3.92+0.17% 13.16+2.90 7.69+0.67° 197.86+5.23°
50 3.58+0.54™ 18.64+3.69° 9.91+0.83" 265.98+5.53°
100 4.59+0.35" 35.91+6.97° 10.88+1.20° 435.64+44.81°

Antioxidant enzyme activity of glutathione reductase (GR, umol/min/mg protein), glutathione peroxidase (GPx, nmol/min/mg protein),
catalase (CAT, mmol/min/mg protein), and superoxide dismutase (SOD, unit/min/mg protein) was evaluated in 3T3-L1 cells.

Values are the meantstandard error (n=3).

Different letters (a-d) within the same column indicate significant differences (P<0.05) by Duncan’s multiple range test.
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Fig. 4. Effects of EGCG on heme oxygenase-1 (HO-1) (A) and catalytic subunits of glutamate-cysteine ligase (GCLC) (B) protein
expression in differentiated 3T3-L1 cells. Each value is expressed as a meantstandard error (n=3). Means with different letters
(a-d) above the bars are significantly different (P<0.05) compared to control.

o} ks A8 AT B ATFE H4E B AN
A E5E AW AF el 7z ARz 289 F A
PR RN
zAtel =
o wEL 20158 % YT AR HATH] e 9
shol AFEen olo] A= H
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