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MHRSE BRIl A Bl 2Ll o3 MilmHEste MR

AThst Bt A7H AT
HES - 4ed - 93y - RAT

BT £ K, b K B BBLTY ET o2
BBRE ol YRPEORAM BE, ME, mis e
AR BREAM A7) TARER, RBRERD SBHE EIEH 9
TR A sHpERE 3k Kol MA3 goix A=
A FECel o2 MR A HEL TG &
Bad e BiEe TR, B EYE Rme
TR, B wMt R gRES TEHMY 53 BEAAN
HAEE o, MEREMeZE o8 FHRRE Fo
ME EEFR M S50

ol2i g BALBIEAA B 4 s #BiEH S (apoptosis)
& programmed cell deathgl? &t RE SAZAA
SEET FR (gene expression) #MLE @Sl AXA
A8 WEERIReIH, S4Bl 72 HI¥ L fXed
Aol 2ol webd MEREHIEE WA Z2 Iy
o o8} frfFEol o 2 i BRS 7HA
=, MR dolvs ofe YA 4E i
T A% os Ak A ok ARE ML
BEHER W80T, BAT B8V Fou e ¥
LB Rol & A,

H Eol, pure essential oilo] H#kFkRo T o)2
gt ERFHLEA Bol o} 457 Ql=d, o B
A JHEE RE EEol ohel & HY HARE o3
EQISo 2], 1g o s AMg-EoA & i
FiEoIT. o)l ¥ essential ol AR MBS o) fE
o ERel EIRAISE (BRS 39, o shed HEL
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BE S0 AHEaed" BREINE kol st
oW HRE MK HHE R BB EMSE AMSH
A g,

ool & HHEAME HEL2Yol KiEHREN NN ¥
e gotRl Ss AR i AAdHEFA CCF-
STTG1 #iiel #vE#¥(heat shock)E 73 5 Yehvs
AR B EEE] AloiM el oY KBRS BEY o,
HENSIE HRE EAN oo f#Este vloldh

0. Rk o K%
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1. MZH{QF 3 #nfEEE X2

Abde) B EHTEE ERMERESY! CCF-STTGL AlZE
10% fetal bovine (FBS)# 1% penicillin/
streptomycin  (PS)e] #7F8 RPMI 1640 (Gibco BRL,
Grand Island, NY) Al 5x106 cells/ml®] F%=
5% COvY FEEE 37C widrlolM widatint Axe
1x106 7#/35 mm dishg AMHESIRY, BEERS 45C
water bathol A 1587 Helsdnh dE20YL i
Al A 0% pUEESY EE Azt B & 37C
A 12212 BEAZI HESYL 99 Tisserand
institute oA ART AEFL AHLSH, KEREE
A& 10-4, 10-52% Mifgste] Algstict

serum

2. PI Mol o3t fmiBRASE &4
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Agstizl = AEE 49 cell pellete 05%
tween-200] H7FE 0% AEESE 3087 LN,
4CelA 2000 rpmeE 1087 Y488 ¥ PBS-B
{phosphate buffered saline with 1% BSA)Z M & s}git)
FAE cell pellete] PI-RNase (50g/ml of propidium
iodide with 11 kunits/ml of RNase)&9& 4CollA 30%
7+ HEsted DNAS @M@tk 42
cell sorterg ©l&3ted dAlsAch

flow cytometry

3. DNA 2| ¥ H7|gs

DNA ladder patterne ©ol7}224 A A7|gEd s}
wAstgth aoste) A etd, CCF-STTGL AE (1x
106 cells/each group)olXl DNA¥ Wizard Genomic DNA
purification kit (Promega Co, Wisconsin Medicine, WI,
USA)E AHesle] E&al #d% genomic DNA 20g
< 15% o7t A AoA 100 VE 1A+ 2719
2 3 & ethidium bromide® G438ty UVsiolA 223}

AEZAEEE trypan blue exclusion testol o) &4
e £ MEE typan blueE E53le BEA 2
Fo] HI WA AE 8 SH3Y YELZ JeRY

5. Western blot £

g e A E20dE AR F MEE lysis buffers
olg3ted BuAE Ik BCA 2oz sy 50g
i AE 15% A AolA A719E3 E nitrocellulose
paperel &7 oh& 10% skim milkE 141753t blocking
ANZ13 caspase-3, PARPY] ti3l A4S Az)sie] 147
F WA 05% tweeno) H7Mg PBSE M A&y
Zztel i 23 FAE Alste] WS AHT PBSE A
Ag &, ECL solution kitZ A& 3ttt
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1. CCF-STTG1 M|Z2| MEEECR FI==
imimE RSN Ao slE2Ye] R

Aol 1§ RS CCF-STTGL Al EolA BhEsk
o 93 {RARItE <&ty fi8 kg oZ 37C

vjokate MEE 4H5CY B2 oM 1587k B
BS 718 F gA] 37CAAAM 1247H5¢ 3EAAH 12
AZb o) AEE 22 Y2, propidium iodideZ 92435}
o flow cytometry2 il E#5T AT O
Az, #HEpAME oF 9%9 MiRgRILE B3, 8
o] Hal® S o 50%9) = MRARIE Hles Y
BRI QitKFig. 1A). 1812 HEedE FiEES o2 #
HRS 1 RS 104 SE0M o 30%, 10-5 EEA
oF 29%AEe] MRBRE &S EYSEH YEodo)
i) 93 MEEFES dASAH AANE AL B
23t} wdde] HELY B REMHAME EF BB
B A 2SS Ho I A9 cytotoxicitys $l&
S g g AUk T3 o] NEF} ofd, o FF 9 g
oA Edtd dA M B BRIME H2ed
o] #fEiagol & MlEWILE AA s AL BFs
on), g BN T 238 Mg B 2
< {3} HFg. 1B).
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Fig. 1A
B
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! 8.2 %
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£ 65 %
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£ 17 %
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O 5 0% ot ot
ONA Frsioy

Fig. 1B

Fig. 1. Effect of lemon on the cell cycle distribution of
CCF-STTG! cell. Representative examples of
the cell effects of lemon in CCF-STTGl (A)
and rat primary cultured (B) cells. The cells
were treated for 30 min with lemon and then
exposed to heat shock at 45C for 15 min and
recovered at 37C for 12 hr. The cells were
stained with Pl solution and analyzed for DNA
content by flow cytometry(see Materials and
Methods). Data represent the result from one of
three similar experiments.

2. CCF-STTG! MZo| MEEOR REE=
DNA 2ol Chst =222 R

Figure. 12| flow cytometry ¥4olA &2 4 3]
Fo|, BvERx ENF Rl s MgREIEE HLskd,
|20 o] FREE #EER <3 EiRARIEE A st
o 1w EiegEgeel A8y 540 DNA ladder
FAME o2l dAEHAE HolgrtE Y] Hd
CCF-STTGL M XA DNAES £e8l op7t2 A A A
NBTE AAEATh 2 A, BER G R HelA
Yk DNA ladder7t #2507, 944 #Z2do] HigmEs
Bol e %] 203 DNA £Zo] TR wstch
(Fig. 2). =3 #E2oyd BEEEHEe o= control3
ARG S Hitdata not shown). o7)e}4 DNA
ladders internucleosomal chromatine} Zzbd A& et

A=

v}
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Fig. 2. Agarose gel electrophoresis of DNA. The cells
were treated for 30 min with lemon and then
exposed to heat shock at 45C for 15 min and
recovered at 37C for 12 hr. 20ue of DNA were
electrophoresed in a 15% agarose gel, stained
with ethidium bromide, and photographed under
UV illumination. Lane 1, marker, lane 2,
control; lane 3, heat shock: lane 4, heat shock
plus lemqn(10/4d) and lane 5, heat shock plus
lemon(10™d).

3. CCF-STTGI MZ2| #E¥eo| 2[5 Mz
MEZOf AN 222 BR

HEode] MEYEZY w3s YIS YolR7] §
d BErEst HEoYg AMH 12417 Fo MEES
trvpan blueE G433 Az AR HEZ0UL FAld
HeEl® Bl BEgE BEEMAIM Ho HE £9 cell
death® EHATHFig. 3), Figure. 19} flBRMSE &3

2A3) IR A= Boeh
Samples Cell death (%)
1 ; Control 702
2; HS 25 £+ 04
3; HS + Lemon 14 £ 03
g
£
£ "
[
2
- ¥
3]
5
9] . ;
1 2z 3

Fig. 3. Effect of lemon on cell viability of CCF-STTGI
cells. The cells were treated for 30 min with
lemon on and then exposed to heat shock at 4
5C for 15 min and recovered at 37C for 12 hr.
Cell viability was determined by a trypan blue

exclusion test(see Materials and Methods).
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4. CCF-STTGT MZ I PERCR RI5c Ml
Bigfeel LSHEH Qo] 22l ¥R
AEAY THARAEAY Ao dBLY0) jug

AL oREE 2AIE7] Y8l Western blot 4%

431819t} Flow cytometry, DNA 7% %, Giemsa 9
HAEE SN U2 Al sbistAE BuEEEol ol
caspase-39] @A 9A E7iEINY, E£F #HELLY Ad
caspase-39] ¥Ao] AAHNHFig. 4). J181 X caspase-3
8 gAdo] Frigel wah 19 71dA PARP7L Ze{vist
£ AL #AFY £ Uk ol AFJ: dELY]
caspase-39) EMAEHS Fald MRENEE REdds

AE FNIL ATk

1 2 3 4
CPP32 »| WP - e

) i1
PARP »| o~ o | LUCKH

Fig. 4. Western blot analysis. 50ug of total protein were
resolved by 15% SDS-PAGE, transferred to
nitrocellulose paper, and analyzed by Western
blotting using an anti-CPP32 and PARD
polyclonal antibodies. Lane 1, control; lane 2,
heat shock alone; lane 3, heat shock plus lemon
10 fd) and lane 4, heat shock plus lemon
107d.

5. CCF-STTG! M|Z2| #ERCR REEE
HSPT0 CHElel whédof °'01H d2ed HR

HSP709) 23A=e) we} MlEERSE 229 75
A& 2esled HSPI0o) ¢t Western bloti4& Al3gh
3, B BE RERCIU B yEUo) o
HE BolME HSPIO 28459 Xo)7t 24 ditt
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(Fig. 5). Wb HE2Y) o3 MinEREFt oA &l
slo] HSPOE #o& 9d%e vAA ¢de Ae= 2
=4

< HSP 70

Fig. 5. Western blot analysis. 50ug of total protein were
resolved by 10% SDS-PAGE, transferred to
nitrocellulose paper, and analyzed by Westen
blotting using an anti-HSP 70 polyclonal
antibodies. Lane 1, control; lane 2, heat shock
alone; lane 3, heat shock plus lemon(10*d) and
lane 4, heat shock plus lemon(10 *d).
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BT EM) HES R #TEE —Eo) K
PozM @ fEpel M B EfTol Mtk dojubs
WEEROI T NI BT BMLE BE Mk wad %
frol AmBey BN A7) N ME B B
fht EEN) BT A8 s i Kol A
A3 gold Aol ol HEEE WeiH) 43EM B
%S wags

BRLANE EHE £ KL K R BBRTY
JEfTOl e MR el YRR TN FHST Ao
o, BRpel FEAG Ko RTA, Mimdhe) Epgs
Bl s 2 gae AEHY S BRAAN AR
o #ftel el FAIslT Yok I <EE BRLEY
EVNNE AEEHLEBE S s TitsE o}
oJRANE KRE BYon, <8 REE>YIMNE &
Biel BlERFA sk, <KM, REBEEGKH>IME
ol w2 7 SO M Sl BMLE, <SR B
BERE>INE Rl o3 S8 8KES =R

a2 slth

wimo] FERSME #{te BV 2R =t
g4 o2d olE okyA ke ERel HEstA
B3 gory] "ot RRERRH (theory)Ee FA
FEH (waste and tear theory)® #fbs} &fEHMe=
BEHO AWHHSE LHds EEFFHRE KHE
<o JEREHS oA RMEMEERS 8RS
(free radical theory), B¥ B (error—catastrophe
theory), BEFERR, AERBRHSUME 52 FERE FERR
Soz uFEy REFHS BES, WBWRRGERER
(somatic mutation theory)s®} = Z 1% # (programmed
aging theory) S9°] 1o 7 9dx FHo e ~
Ed 2 B KRS MAcldE AEYARE TV, o
3 o8 BEBRR 1ot ZZI3RNMY Programmed
cell death®}2 3} #ifl BHFE(apoptosis) e RE #7x
AN EEF ER(gene expression)d] #LE BAE=
AERAS BRI, SRS F2d BYE HAs)
e B5EA 222/ WEE =2 IR o8 REY
ol glom HETHOZ HiEe] AkE AT ERAR
FE7t dojute olfe H8A de HiRE ol A+

= A7 ASEAM AT S BEAHERE dFel
¥, EAFE g7zl e ZCREAM oty
Jed” o2d ALBEY FUZA dehtE MRAR
FE7} BEoNA EEAste Aol iRel RIEM BRIz BE
o] shtely Bl

WIERY BLEA Y BT &M ARV JRY o)
7hi A EHELEA KN 2E #ibe) ITEES)L w
8 Aol Fiels ok Kkiaee] kA W 2
HA BRIRE st B4R XS HEEA HE
Ro] #pmeltt. ojgd “HERVY e T B
%< Pinelell 93] BE— &Eo] old Fintkat(cognitive
function)®] KTE YeMie o= HEAES) ¥HI wiEH
A o2t sgHgon, —F ki mEy =E
o BEE A ANl B o8 BEEESS 9
TRMS 28001 B ke KT == b
BE 2P B0 8iEM Haos BamdAdoth

BRLANE BRI F% JEE EHFARS vEH
273719 AN ROl AEY B EAY
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5 glonl <HEEESINT AL SHI KEH K
e Mgy EA BHEERS RBE TogEdIn
AFET ok FREE KEol Ao AFH WS
BEEY (RELE) BREVEAN 1 0% 272 B
B et gy 5o fEdAN gRogoenm®
MBI ZE = 5V0) HiR Aol B¢ BELs 1
KB g Bk Bid W Rz, £5
Vo mre GBS FES RE, R AEY mEE
Liy RERE, B 52 RSN FVE 2AN &
Fol| BT WEBSY HES B9 AN HR ¥4 2
PREAe) NEMETA 319 HRHEL EATT i
BAEN WEH T MRS BRF XS 59 MRS
RS AT HE™Vol el B WEHH KW
£ FRER e BEEN BEFEL, T S0
EAE Rl S AR TEE BEIUT

2 stoll BRRIFEZE, B 570 RRERE £5 B
R 5o g AT KRS BATY #4y, Vs
BBEMRECS 24 BR BES Flkha Rk
e WEATT AT ok e Kiad EioIt

& E9], pure essential cile] FFEFEANA Bo] o}
257 gEd, ol ddol oA AL AT
obet 4 Ad ARE o)YEJSo|Y Zrje), 129l
ol 9 AHEsoF oD W AN 322

el gobd, gulo|gAay, daA
YoAA ©]g ol&¥ FRMiK 9 2
of HHH HRIEES Y AP,

HE2e BEAMNOZ HEHE(Citrus limon Burm)o) )
G EZFM(Citrus limenia Osbeck)2] S 24 bkEgsl T
ME 2802 Asbedl K, EK R ®E ol
ol T, B, AR, TREANDDY. FREEINIME
ol ¥ HEiEKES) FRES o) L3l pure essential oil9) ¥
B2 AHEEE e, I3 RASA FozHN mEe
Sol EHMHOET JEY WSRO ERS A st N,
TS, TR, PAIE o) AHgatz Qo

e AltEe) TXE Bl WY BiERRos
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o
lo min

essential oil<
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£ Gesner?} Rosemary Oilo] KAgHEaE 5Efkel thaho,
Oile] DM Bska
Chinchen® Rose Qilel HiE# ol diste, Eppled
BERIERE ABRES FREBEAA ZROY HRE
F£2 @4 vyt dou® g2 #e A7daes 2
€ w7t glck

olo) & HzAME Mo WEMaES Tdsted o
T AZZAN PEARMEE BEd Fo8 982 s
BEol oA M T HSER 2RSS AHS-she], BuEEEql
olsf ZLARANA FolE £ Y= MEEFEE YoA
i £E S22 H, d2oYe WiegRstd g
pEs AnEgith

BEaol T P4 AR 2ERG ¢ B2
o, #HinEBE 5 ell deathE {23t A
o7 # 4#A ‘}lqwn T 255 AE7E Aoty

Pechey  Peppermint

tlo

e

E>i

programmed ¢

ol obF Zo¥ AATA, WHHUS W AETYEH
A$Y 4 ok ST WAE S I WEHQ o7} w

E heat shock response (& stress response)©]th. Heat
shock response= MIEzPAIQ] FAA R 28 dds=
Aeg, IR0 Ftate A 7HX AE Festy, s
38 @ol deiglel, 1FFEE EH dEde A

o BE QEANA uEd FA0R JojuUBRE, 733
22 thd3] conserve® FH7|Zelzt & 4 Qlok 1
oM £l AL heat shock proteins (HSPs)2)
#Z7HE stated A2 Eol, HSP0o] shchddol
RERES Foldtts B17t Bol 2EHT A
g BEare 9E o QAStELE FAHSAYEY
ERK1, SAPK, p38 MAPK, MAPK kinase-2, 131
c-Sre tyrosine kinase¥o} Ao,

Abghe) f§ EARMEIEY CCF-STTGL AlZolA #hfing
of o3 HlEBREStE U FA, HERIME & 9%
o MRBRFES HAL BvEsEo] Hal® M oF 50%
< WEEHESE B1ee JeMicHEg. 1A). 233 9

S MIREE oS BERS M BE 10° R
A ek 30%, 10° BEelA o 20%AES HElRERFE B
&8 BYoEZN Yool #Eilkel o3 Wi RSES
AA AAlshs AL BEASHG W) HE2Y B

o ol

ta

E.oo
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& RERA T EE HBEHS SA A3E B 3
244 9 cytotoxicity® &S & & UATh £ o) AXE
F7t obd, o3 #AFAS M BEiete) Axp ke jE
Bl M E dE2del s o3t #liu8Rsts
oAlsle A& #FESGO, Al BRI M ECT
L38 AAgol B 2 FANAHFig 1B). MizH
BFES A¥AH B54& B 4 A5 DNA ladder’del A
T ojgd A3E 342 ¥ 4+ J=u DNA ladders
internucleosomal chromatine] Z27hd 212 Uehis 2o
A AMER BIE RIS FEol M7 DNA ladder’t #2530
I, gA AEde) MRED BAMs BERY) o3
DNA #go] #a=A drhFg 2). £ A22d ¥
BIEES] e controld FAE WAME B tHdata
not shown).

AZAEREY TAE g22de] dg oids #
fEEs) glEede] FA) AMuElE BN BvER: Bt
oA Hoh AL £ cell death® EHRAMNFig. 3),
Figure. 19} #igBRR3E v
ok,

ojnto] EEHEE caspase-39) BAEL 5t WMIRAR
fdsted, EEYE #FE 9T #MilEaNsEd B
SAZE BCL-2 family7b 92w 1 FolAMm
bel-2% bel-XLE #lEEstE JA8L, bax® bel-XS
WRARIEE £33 AR 294 AgY. a8
elegansoll Al Wel Axsold Ced-3% HEZS B
S3 QA2 FHA A BANA TFFEANA Ced-
39t A homologs7t 53 HAUEH ICE, Nedd2, CPP32,
ICErel I/TX/Ich-2, ICErel I, mch2 So]m®™ o]Zo]
HFehdd =9 Ml EEET F9EY ©)E protease 7)
TE WAHCEA AXFES AT & Uk £39
CPP32(caspase-3)= DNA repaire] A}&-5=PARPE =
ZA E843t A7) =u51-53), PARPS ®al= MinER
o] HERE AHEE 4 9oy PARP7F knock-out® 3
AME FEHoE ¥t AY=E ROZ Hol PARP
o Ba7 HAEREST) wEA Bad AL ok 1
Ay & ol e #vEsEe] CPPRY 842 73
19 712l PARP7F &8 Wb e AgdAM #ad

&3 98 YA oot

Ot
o

el
rir m{m

oo

Lol o3 M EEFES] MR -

F e #Eode g s CPP32¢e €4l
AAHAHFg. 4. "W o§ Ase HIELYol
CPP329l A4S 3o MlBRsLE =2
9x s gloh 3k HSPtheat shock proteins)70¢) ot

Hol HlgERBEE Wolsttis BIrt ge] waEy
11" HSP70e] @A Ee) whe Mg EsEe 23 7t

& ZABIROV, MER B B B}
HEodel ol A BolME HSPO 2dATl
ol7b Ax %trkFig. 5). ol MELUel 2% #BirA
BIE GA A Fol glo] HSP00) BohE kg niX A &
< Ao Bl

Likel Bt Hob gEodol B SRR
BirExel o)) fuEE MRERIEE dASdE AMdS
& g oUden, o AgARE ENE Agel fK
Bol} 2 2 EERd & HEHOZ F& REEIEES
132 Aoz BREs oo Wd o 2 #iFt 8
A==

e AL

olf  3© mII

ox

\ﬂmﬂrﬁ&m
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V. ¥ =R

A OBERE HE22UEAN AMEe H AGNEFQ
CCF-STTGl HAXE ol&ste #iif¥(heat shock)2
FEET #RAEE dore KEE WEsHY O
AoeE g 2o

L PEBEo 2 Abge) ¥ A EFQl CCF-STTGH
A Xl HHie HEFEE A7 H 2 ARE B3 2
I HERIME o 9% WivRRIES ety
Bo] Az)® RS oF 50%Y =2 MMAKSE W& B
sich

LA HERES S B B RERS MZ 4418
ARE Hol T AA 9 cytotoxicitys S22 & F U
=3

3 HILYe WEHT og BERES 7 CCF-
STTGlL MXE 10-4 F59A oF 30%, 10-5 FEoIA
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mEEES dATe BFAAL, 2313 AFe Bkl
A RTE QA o) BET & A
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I 7)_]\?.

Libe HEER U2y AEROE fEHE AN
o 5 Bk doA e MigeRite dEedd 9
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B 238 RoE BEHo FF ol W AXHY W
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=Abstract=

Inhibitory Effect of Lemon Oil

on Apoptosis in Astrocytes

Jun-Han Kim - Tae-Heon Kim - Jin-Sung Park -
Young-Su Lyu

Dept. of Neuropsychiatry, College of Oriental Medicine,
Won Kwang University, Tksan, Korea

We investigated the effects of lemon pure

essential oils on the heat shock-induced apoptosis in
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human astrocyte cell line CCF-STTGI. In previous
studies, heat shock has been reported to induce the
apoptosis or programmed cell death through the
activation of caspase-3. Treatment of CCF-STTGI
cells with heat shock markedly induced apoptotic cell
death as determined by flow cytometry. Interestingly,
pretreatment of CCF-STTG1 cells with lemon pure
essential oils inhibited the heat shock-induced apoptosis.
Lemon also inhibited the heat shock-induced apoptosis
in primary cultured rat astrocytes. To determine
shock-induced

activation of these apoptotic proteases, activation of

whether lemon inhubits the heat

CPP32 was assessed by Western blotting. Consistent

with flow cytometry, DNA fragmentation and giemsa
staining, heat shock-induced activation of CPP32 was
blocked by lemon pure essential oil. PARP, cysteine
protease substrates were fragmented as a consequence
of apoptosis by heat shock. Lemon oil inhibited the
PARP fragmentation. This essential oil also inhibited
the heat shock-induced activation of caspase-3. These
results suggest that lemon pure essential oils may
modulate the apoptosis through the activation of the
ICE-like caspases.

Key word @ #&2Y, lemon oil, v}, Apoptosis,

Astrocytes



