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The antioxidant effect of Melisa
officinalis (Lemon balm) extract and
it’s suppression lipid accumulation in

3T3-L1 cells

Department of Microbiology Heymin Seol
Directed by Professor Gundo Kim

Obesity is increasing due to various factors such as westernized
eating habits and stress. Obesity refers to the accumulation of
excessive amounts of fat in the subcutaneous layer and body tissues
due to an increase in the number or size of fat cells. Therefore, In this
study, the anti—-obesity activity and antioxidant activity were
confirmed through a study on the differentiation of 3T3-L1
preadipocytes into adipocytes using lemon balm extract, which has an
effect on the reduction of adipocytes. Lemon balm powder was shown
to have antioxidant activity by scavenging DPPH radicals. In order to
check the effect of lemon balm extract on adipocyte differentiation
inhibitory activity and adipogenesis, 3T3-L1 preadipocytes were
treated by concentration while inducing differentiation.

In this study, we found that lemon balm extract reduced the
concentration—dependently differentiating 3T3-L1 preadipocytes into
adipocytes. To investigate the mechanism of action for this activity,
peroxisome proliferator—activated receptor y (PPARy), CCAAT-
enhancer-binding protein a (C/EBPa), and Sterol regulatory



element—binding proteins that play an important role in adipocyte
differentiation (SREBP-1) The activity of genes involved in adipocyte
differentiation was confirmed. As a result of the experiment,
lemon balm extract decreased the expression of genes and proteins
of PPARy, C/EBPa, and SREBP-1, and suppressed the expression of
adipogenesis marker genes involved in adipogenesis. In addition, the
activities of Catalase and SOD, which are genes related to antioxidants,
were checked. According to their results, it was found that lemon balm
ethanol extract inhibited adipocyte differentiation or had anti—obesity

activity linked to antioxidant activity.



I. A&

AE AdFHS Ay A
gk olth. A AMAA S
g5 Jdoem LA Ju JE2 9y
o] F¥ olfolH, &4 = FH
o} Hwto = Q3 AIddA AH, Al 3
AR5 ol oy 7HA] AW AP S SIHAZIA Ao[1-2].

HI 92 adipogenesis o] AWMz #sle] A=
AMEA BAEE AGAEY 717 AAAY = PP Aol
el Az o] F46 oste] frEoh(3].

A TAEZ7E AWAERZ F3hske FAZAA Alxe] FEH A
Wl g {FAX wdAxEe] WMl Fo] A dojdri[4].

AWAE 239 F83 [AARIAELS CCAAT/enhancer
binding protein a (C/EBP a)¢} peroxisome proliferator—
activated receptor y (PPAR y)o|t}. C/EBP a& Z-2 X|HA| X
s fFHzREe] wds AFEAeE fF=Egr. C/EBP/acl
X%+ QIA=E peroxisome proliferator activated receptory
(PPARy)7} "l Aot} ol52 HAAWAEZ} F53 ATA L=
wget=d oA TP Fask QIFfolH FFAHRN TTE
gasitta B 4 9l

PPARy+ AW 8 F3xd 9TE s A ubd Az
A Fstol 93-S T T8 dAelt[5-61.

Sterol regulatory element binding transcription factor 1
(SREBP1) A|WAIZ FAAS @oshe= F8 AA=E A
Atk SREBP1 2 PPAR y¢ AdAF &4 =43} o] F4
AR A= AR s FESH[7-8].
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Aol A ARgERE 3T3-L1 AlZE AF 9 wiofol A
AT Mazolm viRke] figk AFoA FE o] &H&E
= 3&lvpolvl. x| WA E(preadipocyte) o ©AIES AA
A 4ek AW A E (maturefatcell) & #3}gkt}, 3T3-L1 & ©]-&-3h
Ao A5 = At XA (maturefat cell) oA &= A A
Y A vud ¢ e A7 U 7 A AHo] A
4 A ATH[9-10].

AMA A o= vREE 9] Ao wet dA] W& Algso] H|wh
A5t Bl arAl 28 kAol ke EH o sl
875 SO SA L AZS ettt AAE £
g B o] HFHadH[11-13].
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2. &Ak3t

A1 9 T4 1ol 5= ST super
oxideanionradical(O*-),#4F3}= 4 (H,0,), lipidperoxide(ROOH)
hydroxyradicalCOH) ¢ #=H=Z diAA o EeHdsiAl
FAE] AUlA AdEH= 7] ZZeoltd. ROS ¢ free
radical & EUIASIZ wEgAHol AW, AEZEE TS
AAAe Exs Ak whesty Az &4 2 75 A5

o [e) =
oS skt

Aed mEdst w3 5UAE, 9F 5 oo9w A9e
FuA7a, AdHoR 249 £4& Fuen dde J)5E

A sEAIZITH[14].

Ao stgtz2 FsllE XA <=
A G AZ o] Ao YERI T

%] 2 ] hydroperoxylradical & B ¥ 3} % &9 o2
gror By F4& YA SFYE wstal  hydroperoxide ¢}
alkylradical ©] ¥t} T3 alkylradical & 2F4e} 23HA ¥
A 28 hydroperoxylradical ©] ¥t} o= Az A3} HE-g-o]
dojg = ar, oy E¥xstE dHs|=E H| X3S oy 7HA
FAlEEo] WrEAAAA " o5 a4 s A4S dAsSta
e sddolde=z A8 4 k. ¢ yolrp X @ #4kste
oste] Alxute] fEAo] FojEa YA o] EA4bo] WAl 7| =
Shob[15-171.

Aty o g FAstAl=  Akao] old dAdE  AFEyZe]
AbsHb-E-S AAlstE EH=E qrAsl Aksld AddEe "=
Ay AT wdk 3o o FE3I] AEE X dA7H
Hojsk 4= 9l oW E77 2 Aol el Yoh[18].
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olglst AAAES F=HEY F Qe AL catalase.
superoxide, glutathiouereductase 2] o3 ksl <}t
flavone %A, ascorbicacid & A kA
FAsIAES Hg A B =gho] A &EE A §lo] HEGol
AbE S IS WA AFAZE Ha o [19-20].

ol Q3] HAZAES o8& FAsiAll  oig A7
A&EH[o 2 AFEHa e AAold.

2 Ao AEE gEwe @A (Melissa) ik B2
2 I v e S Ad A Eo|t[21].

g ZHlholl = B2 flavonoid & terpenoic acid, volatile oil, &3 2 ,
phenol 3}3HE ®lEA] 2 rosmarinicacid 7} %o Ao 1
Z oA % flavonoid 9l rosmarinicacid 2| o] FHI FHow
YERSTH22].

g, IuldA e HERe AgdAdd gt A+ F
Aoz H AFdAN=, ARAE &3¢ dilks a8
d2% FESECE)Y 93 a5 @94 1yel =9

sheie.
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AE(E 2 o

31,

&le 100mg/mL
=+ 100, 200,
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2.2 DPPH itz &4 &4

kst &4 DPPH  #uz AALdsowE Hrtsislth
120uL ¢ DPPH €9 (0.2mM in methanol, Santa cruz
Biotechnology, USA)¥} H&xo] 3FAE F=EES  80uL
(100pg/mL)E <3 %, A2olx 30min 3t ‘3‘_%/\]{] 7 515
nm A FFEE SHSIAT. AE7F HIEA] e 54 HE2TE
7|82 free radical &4 HEE WESEE UeRloH,
T4t EE= DPPH A &z &ASo] & o=
Fikst sEo] Sttt -d#d & 23]
DPPH &z &A &4(%) = 100 - (A / B)X 100
e Z ]Eou,] Hke E5)
B TA|= SNBSS T



2.3 AX Q& Y

96-well cell culture plate o mouse 3T3-L1 AM¥*XE 27} 1 x
10%well (100uL)E 4Yols % CO, incubator oA 24 AJzF
sttt vkt Mxe AEEs g 7 well o wiAE
AAS S AldEHS FEHEE (100, 200, 400, 8000, 1,000
pg/mL)=  100plL A #3824 AJ7F, CO, incubator ©lA
a3l

Zb well o wiA] AA F F& Img/ml o] MTT A2k S0ul/well 4 242}

Ha1 1 ARE &<t HisISIch Al o) B A HE Q"ﬂal A kS
A A =, isopropanol 100ul/well €31 3% 570 2 650nm ©°l A
SA3kel
M S5A4L B39 A& o]&sto] Ak=ssit
12 AAE 2 well @ ODszo—ODgso &%

OD 570 g307
ODsz0-a50s

ODgro-65000 -~ AN B=A A€ well o FHE
ODGro-6s0 & Al@No] 2% well & &%

22k ARt Viability (%) = <100

=t

AEEo] e 70% VT K70%) Hav e 45, AlEX54d0]
o



2.4 A|XE vgy} XA E 23} (differentiation) F%=

BooAdgo] AlgH 3T3-L1 AMAFAMEE A XT3
oAA U3 3T3-L1 A¥E+= 10% bovine calf serum (BCS,
WELGENE, KOREA)®} 1% penicillin-streptomycin (WELGENE,
KOREA)©] 8% Dulbecco's Modified Eagle's Medium (DMEM,
WELGENE, KOREA)S. & ZFeje] we} 2~3 4 F7]2 wA|s3AH.
37C, 5% CO, ZAA wjgstgion, APME &5 FE3517]
s 3T3-L1 AHAFAE7F confluent 3+ AEj7 2 wj7hX
HgS st o] AWESIE {f%87] ¥ MDI (10 unit/mL
P/S, DMEM, 500uM IBMX, 0.25uM dexamethasone % 10pg/mL
insulin) ¢ 10% FBS ®|xX 2 uA = wjstgion, 2 A7 10%
FBS, 10pg/mL insulin ©] 323¥ DMEM & AF&3 wjdsla #31=
ek o, 9&7&6& 23l=2 98 10% FBS 7} ¥3¥ DMEM
HRE ARgSle] 2 kF wf<kslsiti(24]. #2395  dEW

FEERe FEUD Ao



2.5 Oil Red O staining

gl 829 adipogenesis A &%5S H7EE7] el
=3 = A AlHdE2E %E%ﬂ_i (100, 200, 400, 800
pg/mL) Agatgdr. 23 T8 F well § 2mL ¢ PBS Z A ¥
o 4% PFAsohtion©= 30 v‘f‘?l’ Al 2o A 1 Xq skt o]F SRTE
2 3] AAHsta, AE 9 background o] |A W& 98 60 %
isopropanol & Y3l 5 & 7F Ao A ‘ﬂ}o < A A3 T Oil
Red O working solution (Oil Red : DW =3 : 2 ) 22 21204
15 &3 @A A, 9 & SHTE o] &35t 5 3] AMHsI
100% isopropanol & #H7}sle] Al W ORO & 9 96-well
plate o] 100uL/well ® %7 510nm °l A S%E% =45k ).
ANES APk &2 Ti}% AAEE 2T 2 3+ lipid
accumulation (% of control)< AlAFsF3A T}



2.6 @iz A 9 9y R (Western blot analysis)

3T3-L1 A3 o] RIPA buffer [150mM Sodium chloride, 1%
Triton X-100 , 1% Sodium deoxycholate , 0.1% SDS , 50mM
Tris—HCI (pH 7.5) 18] 2mM EDTA] (Biosesang, Seongnam,
Korea)E #7}ste] 4TColA 30 7k ¥b-A171 5 12,000rpm,
30 =3 dAEY skl EEgk dwAe] AHRES bradford
assay & &3] T4 th. e MES o] &3k 8~15% SDS
- poly acrylamide gel & #H7|9dsoz F7 % NC
membrane = Ho]3}}t. 5% skim-milk & *gste] H]
Eol# wwAESS bplocking 3dtaz, 1 = A1 PPAR-y,
SREBP-1, SOD, Catalase, GAPDH (Santa cruz, USA),
C/EBPa, (Cell signaling Technology Inc, Beverly, MA, USA)
A 2lgte] 47T, overnight ¥H&-3F3ltk. TBST = 10 w3t 3 3]
M2 3&tal o] 3 2 2} & A (Cell signaling Technology Inc.)E
AR&ste] L deollA 1 AIZE BEEAIRTE §Ego] ¥4 & TBST
buffer & 10 %+ 3 3] A& %, Chemi-doc XRS system &
o] &3t 57 whld o] MHLES A5k

10
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m. 23

3.1 LE¢|DPPH=HZ &A &3

Table 1. & LE o o3 DPPH &dz A7A9 ZAxjolr}.
FEojEA o= DPPH oz &£ASe] F948 IA S7tE =
AL AT F U 53] E AFAAY LE & FAEY

8] DPPH &9z A2A%o] 1,000ug/ml %A 29.86 % =
7 Ae= YErE

12



Table 1. Effect of LE on DPPH scavenging activity

Concentration DPPH radical
( pg/ml) scavenging activity (%)

0 100.00 = 0.000 T
100 12.45 £ 0.235 #
200 15.36 £ 0.032 T
400 17.48 + 0.022 T
800 730+ 0.13944
1000 29.86 = 0.016 t

1) Values are expressed mean = SD (n=5).
2) *p < 0.05 #p<0.005 vs. Tp<0.0001 vs. (+)

13



3.2 LE9 3T3-L1 AYATFAE g AEZA &2

3T3-L1 AGAFMxe|A LE o Alxsyd axs &2 317]
Al Ax AES BAES Al

3T3-L1 AWAFME AlFEAS 5= (100, 200, 400,
8000, 1,000pg/mL)= 24 A+ &2 Ak A3}E Fig.l ol
UER ST

14



150+

=

=

[—]
1

Cell viability
(%o of blank)
".J:‘I
1

100 200 400 800 1000
ps/mé

Figure 1. Effect of LE cell viability in 3T3-L1 cells.
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3.3 LES AW%7 oA &%

LE & o]&3}e 3T3-L1 AWHAFAES] AWAE 3}
2= GEFS GAsslh LE 9 AW 494 a7+ Oil Red

ANMS =3 LE 9 AEZA oz A AyES nigow
ko] 100, 200, 400, 800ug/mL ¢ %2 AAsto] AE
AEA] Aes sk, AEe] FAo LE 9 400,
800ug/mL  E%olA  12.85%, 22.36% wE HA2ES
shelst il tH(Fig. 2).

@)
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(A) (B)

=S
a / bst‘z‘v’ & oo,
Y L gopet ¢
YR .
a;-.*,g%t".
ﬁ;’; 0% %3 4% 1501
ST 0 g o -~
A1 el 0
TS &~
Bleiv R U & ?b“-"mf«, 9;
R d ERETRRO T &
¢ P i R D T8 k=
Fi0k ag Wat o) &
T o I AR =
e N Adret R AN, DA g
& L W :
(]
o
[
¥
&
-
%)

S+ 100 200 400 800
pe/ml

Figure 2. Effect of LE on lipid accumulation in 3T3-L1 cells.

1) a, Normal ; b, Control ; ¢, LE 100ug/mL ; d, LE 200pg/mL ; e, LE 400pg/mL ;
f, LE 800ug/mL
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3.4 LE 7} A B3} @ A3 49 g9Ed drgo v X|=
a3

Figure 3 I A|WEgvt {3t il (+)oll A A s =
A=l 7S AE 5}%3}93\ HhH LE o] s%='H (400

ng/mL, 800pg/mL) A& = <13} SREBPl C/EBP a2} PPAR ¥y
o] @z 7o)l Normal WH] Control oA E5F iz
Wi gFo] Ahsle AL EAT 5 AT

SOD, Catalase ©¥lzde LE AHZZ A3 F7lsle AEFES
B3la, 53] Catalase o dwzd 2H2 LE 9 400pg/mL,
800ng/mL FXoA F718les A3FS H gt

18
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® ®)
LE (ng/ml) 20 15 Ls
- + 100 200 400 800 g ig #
= ks R T
£ # 2
c: FEENINER N L
z %E 5 égns
sREepy O g g ewm g 5o it
- + 100 200 400 SO0 + 100 200 400 500 L + 100 200 400 SO0
PPAR- e s s e
- on 0w v " 0 ®
SOD - - S e 15 20
2 gl i g
l;Elﬂ G z;ls
Catalase 1 E% e | =
waaae
32" EEIP
3

Rel.

GAPDH e ws SN NS a

+ 100 200 400 800
/nl

F 100 200 400 800
a/ul

Figure 3. Effect of LE on Protein level (C/EBP a, SREBPI,

PPAR vy, SOD, Catalase) in 3T3 -L1

(A), Relative expression C/EBP in 3T3-L1 cells; (B), Relative expression
SREBP1 in 3T3-L1 cells; (C), Relative expression PPAR v in 3T3-L1 cells;
(D), Relative expression SOD in 3T3-L1 cells; (E), Relative expression

Catalase in 3T3-L1 cells

iy
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Farstaadl GPx 59 vt IAE A7 FeAo
Aoz AR

er du el e By B
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Aol Ay dEw FEed Y AAVITAE
A=A &Egol TR AT B A
DAd 4] el AEE GPx s A
A3 A7) FrrHow g FdAT)

©— Wk o
DN

\
@
&S ‘

Figure.5 Enzymes involved in the production and decomposition
of free radicals[28].
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V.8 ¢

ATst |\ AE#RT 2Eys 5 ooy sbx g2o0F Q%
wgtel Zrkaka grh. wwow AWAEY b FASAL
77 AA FAs= A x2Ao| FEsk ko] x| Hlo] =4 =
A @@k agsle]l B Aol AWAE il TS
ﬂz* Eﬂi‘ﬂ* FEELS o83t 3T3-LI x]ac}@;uqr

Faksl @48 Rl AL
A WAME 23 A &4 D AEAe v A= S g6
S8l XA E 73} FB-GJ A skS ohukslal 9lE peroxisome
proliferator—activated receptor y (PPARy)®t CCAAT-
enhancer-binding protein a (C/EBPa) L& 3 Sterol regulatory
element—binding proteins (SREBP-1) A ®A| X E3}o]| Hofst=
FAAEY 42 SRR AdEAT HEY FEE2
adipogenesis marker “FHAES] WIS T oEHoOF

AAA 7= o] WEksth

T3k gAbslol] #HAS= F-XAQD Catalase, SOD ¢ @z
uheaks  EelsjH gyt SOD  wwEe  FRUyl =S 4E
A o, Catalase © #H&Y FE5E9 27 7M1=
=71kt o5 AvEs B HEY e FEES
AGME F3tE A AY FAkst dAdo]l AA H FmNk
G S 2t Ao® YEE
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