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A= Essential oil2 0|23%t HatEsl X2 A 7t
(Development of materials and agents for anti-vascular

diseases using essential oils
from Chrysanthemum boreale Makino)
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1. A E: 2= Esssential oil2 o]&3 E#AZ X549 AL

O. 9743 53 v 43

A A £E L i il
2n & 2 5 (AR 7E | 9 | BE | FR | 7]
Tolew | ws (salgy e | T | A || 9| |8 A8
R G
HFER 3 0 3 0 1 5 0
A= 5 1 5 6 1 7 1

I 952 53 2 "9g 4

1. 53

2 7oA A A9 essential oil (EO)S ©]-838t 1) 45 EOS 7 € -85

2) A= EO @ monoterpene AEL 0] &3 m¥EY AsA/934 AL 3) 4= EO &

monoterpene HE-S o8¢ FTHAZ A8A/LHA ALTS A% ATFE F¥sid A

A AE5A Y ALE 1 EFHoE 3

2. 884

O A8 2L vYgs d=HFdA DAY FHrld A8}A Fod 44% F/FH o
Bo] Ao o2 Ao R i Hor Aggede] £25 AASL UL o] FAA
T EEAMAE oM o THAEsSE €8 2 AFFASe] fddA s Fad 200
2 4EHA A& FEVgE 2UART HIFY FUHE k34 9 dAHe <87EE,
EREAE, HYH JAZEE T HAAZE| F53] FUSIE dS B 7 o}t AL
A e BRI FHfo] 43 18 YAE FUHEIL Y& oI FAFo]
ATEE AAE WE g AgFdAd 9 i&E He FAlelu ofF dyg XaAE
g 434 22EE 37234 A 2L ASGEY ML A g 2
A= & 4 AL

O AAEL 97 dYd 2P E T3 AEYLE 0|04 7] W& A= Adeld A
Fd 553 2L FIAEs EJoR g Ed IAHRHAAES v e 23z3Ed 7kt
< 53 A7t HEE Zse FAY 2] dF e HE =Y 7 ' AH
R olFEA st FAENGLE AGAHY] [FAEkEA FULgA AAEY g &
Ao 2EH3 Y&, AF(Chrysanthemum boreale Makino)& -1}l ztA|d| A6t
UL T EX WF o] wf Ho| AEY FHI HlunF §olF ix FEES FYE, ¥
2§ Byt ozt 1ESt TR, H4AF £ AAAA 28 FY EHU A A
mEHA B AFHAR S o] 835 FRAE S3A AL HAXYY I €48,
AEE AF 2 ASAY Adelstes HddA 7I&F, 4YH H BAF &5 A= F



N BR 4 EOE o] &3 & A8 AuA9 MEd E PNV EAEe #A
Z ¢ HEsoL AEE.

V. 47 J§ 2 39
1 4k AHA] &1 8 Aujzde] &9
2. 3= EO ALY «F AAYYH 2 589 A3 §F
3. 4= EOAQ &9 a7+ MdF 2F
- WEY F 4 o|$ FEEY 54, €HY ol /A dAEA HF
- A%, A%, Egd g 28 AFE A &% 78
- A+= EO A9 in vivo T8 84 AS
4, 4= EOAQE 9 5978 Ads AF
- VSMC 34 4 o|F f{x84 F3, FAPEIAE(NVSMC Y FIRIAX
(HUVEQ)Y] 54 AAEA AF
- A%, A%, ddd R 59AS AR A 5%
- A= EO &9 in vivo 9738 &4 AF
5. A= monoterpene A& 2] 53 AF
- AF57 monoterpene J&9 TP A H ¥ &5 7H/in vivo TEY B IS
- A, A%, R g 9738 AR dE A A%
- 2+ monoterpene AE 9] in vivo THRF3 &4 HAF
6. 2= EOGE 9 o4 @Y MAds AF
- HE3Y = 9 old Y &3, HEAY ol¢ VA AR AF
- A 1¥8Yd RdFEY 28 AHd g £ 73
- 4= EO A& in vive HA4 18 84 HF
7. 2= EO ¥ monoterpene &< ¢AA AF
- EO9] 5454 978 B3 ¢34 FA
- BE invivo @7 E 53 F454/4AAH 1
- Q1A ¢HEA HF
8. 4= EO ¥ monoterpene A& @A N4 7154 HF
- in vitro <}, HA 289, T A dig AFE
- in vitro inflammation H-=91x} HHA <l
- ex vivo @RAATAAE T A &9
- W3 A&7 oA R AAHH
9. 4= EOF #3te 8 M AAF &4
- Ak EO ¥ monoterpene AE-S X33 A3l AT R AAE &4
- QA ¢AAF FHeeo] YF5¥H EO ¥ monoterpene A¥-E il EFAAE /A9
AE & AAF AL
10. 4+= EO AE& &#3le FAA43 A AAE &4
- 2= EO % monoterpene &S X 8F AFY AL 4 AAF SA= 12722 QofF
9 oeRo E (2= o])S ALY F Ue FEVIYS EE3 AAES AL



V. 93 485

1. 5943 #d RA7)5d g =555 09 55 ZF
- EOE 25 E4A in vitro 8@ HEZA XY s 54L& vehiR ey, 484 EOE o
H FEIAAE S4E& JehfA] gL wEA $84 EO9 axr AFH.
- PDGFel| ¢j3] A439 A ¥o|FL 1% % EOd o3 JAAFS veh o, 84 EO
o e ¥= EAHQA JAE Jed. PDGFY €3] A58 MESHL %= EOY
At JAATE JdeEpfsien, ¢844 EOY 93Me & EFHo=E gsty. Ty,
PDGFE fEHE 83 % 43L& 84 EO4 95 5% EFHo 2 A4
- SAFETAEY olF % F43 FHFP AzAY SdNAEPDGF 47 £ MAPKS)
o] PDGFdl| 2]t ¢l4ta}l Z717) =84 EOd| 93] A== FEFE ek
- AR FAAAYG HAFo] EOAEe 93] JAH= o] #&H.
- o|Ae] AFEL AHEEEE EOE PDGE-MAPKZAZAAE 53 B AT £4
2 o] FE YAE T AMWLFEAY JAE FE3o FHAF ¥ oF3AD M54
& A A%

2 A F2E ndYIE AN U EOaH 4
(1) =84 EO
- g5 RS F£H/0Y5d A= 4% dFY FEZY HFFYH L 84 EO
Ao o8 oA gEiEe L B9 KClo o3 FAFEZL +5L 584 EO HAT
od o3 WHEA] W FAxAAA ZF FYs] JAH. NE9 2§ Ea+=L 84 EO
AR os HAFARANA Faste AFE EolAR, WIAEA M= F9FE o
Bl A] &L 3, 84 EO= acetylcholine (Ach)el €13 wAldl= Ui oEold& o
£ %

ol

& dAste A4FE Ughiien, %% KA 2 norepinephrine (NE)2 248 £

T YEHoZ ogAZ. TFER F84 EOE FHFFE JAdNH, EH oj¢E F =¥
Aoz o4

- HE5H e F£3/0lgt5d vAE 9% 1¥E KA % NEJ 93 WAEA 2 B9 &
AYYE T £ $£44 EO AAY o3 dAHE ALz Jehd. $44 EOE KA #
NEZ F=g Ud 29 AFEL FE ASFH2E FAAY. wEtA He5H 359 o
g T84 EO adte dFdd vad 5/ A4S ve E 5ol .

(2 A-&4 EO

- F FF/og%d AT A9 IEA 2 FASY RFELY IFAHL EOAF
d o3 71HA GHe FFES UELn, endothelin (ET)-1 R serotonin (5-HT)
g FEFFL E0 AAd 93 JAHE AFE vehd. NEd g d@FHL EO
AAzd o3 ZA qAHE AFE vEd. 8 NE 8 32%% KA 2 28 yIAEA
2 BA9 EFFELE EO TE EHQ ol¢hhgg Jehd. meEtA EOd 9% #HE®
E/ol¢E 759 JA L o|gfE AFAE /A Aol EATL A= AEH.
-AEJEAFEY EO & FoAF v, 9L A2 = Aol #FH.

-0)4e] AFAEL AFFE2E EO7 18RE AAAZE s 7R EAYE AAE.

3. 48048 (FNAE 2 2L AE factor E9] Y3 EOY 8% HAE
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(1) A¥AAS AA AT vrgd g EOA

WM E AAAAQ] VEGFY 93 s X HUVEC)Y o|5/54 2 a4 AL
FEAHEOA o o8 ofstE= ZAF¥S K. §8, dFAE 719 (LPS)d &8 S7hd
NOAJ4T & NOSe| F717F #8A4EOX g 9s #Ag. uweir FEAEO= RIS
Bed £ e s 289 AR AR

A2 A E 4 TNF-a¢] €3] =¥ apoptosis B ROS (O B H)0p) T2 -8 4EOA
o 23] TAHE BFE vebd. §¥, Miconazoled] 93 4AZMXEbeatings F4E F
§4 EOAE ] 23] JEH. o|& AT FEAHEO/ AFHNEAMY AALAI(FTH A3
2 v 8h)7 #AE apoptosis B ROS Ao 3] JAETS 7HAH, AZME7|5 o
d s a%S ved JFeA4S AAM

-Angiotensin 11 (Ang I)dll <]3F MM EA o] AH-HF3}20A} collagen type 1, fibronetin
1, PAI-1 28 F7t= $E8AEO g 935 25 oslEe AFS vEllen, TGF-Ee]
4L i F71E. ol AAEL FE4EO7 AAREIAY] BEE ZAAA AR B
59 ZeE 7H4 7tsAE AAME

-AEXNOE £84 EOE o MEEAAN A4 #F v&-E9 ds /g 545
BEE S Qe EAE s

(2) Asl2EY 2 @A dEHo g EO =

- @YY T A XA PDGF ¥ Ang I o] 2§ Ref-1, PRR & DJ-19] #&F717 84
EO9] Ao o3 diAFo R FAHE FHE VY.

- @9 |4 TNF-ao] ¢]§ Ref-1, DJ-1 ¥ PRR @A o] wE@Z7le $2AEO0A o] ¢
& #FA&Ee S Ve,

- ASAZANA TNF-ao] 93 f=5= Ref-l, Prx3, DJ-19] 4@ F7l= 584 EOAHIH=R
%3l A gk, PRRe] W@ A adE YA Ree 2oz &g

- AN EG A Ang 18] Ao &g #5394 Collagen type 1, Fibronetin 1, PAI-1¢]
HdZ 7t FEAEO Ao o3 =T 43 EHu, TGF-Be] TdL vi Fr1dle FFgoz
e

-1HER, FEAE0E AR As2Ed2A B e HdE AT £ Je
58L& 717 E2Y 754l I

4, 2=+ EOZRH EdE =589 dR7)5d+
(1) 4= EOZ BE £4A4E 8 ¥ monoterpinei} single compoundse] &1
- Gas chromatography-mass spectrometry (GS/MS)E ¢]|-&3}¢ EOE £43% v}, F 42714
o] Aol E4HIAULH, ol T FH7]ITo] BHsA &L HE 177}A (monoterpine, 15
%; sesquiterpene, 2F)E A€ B AFE Y7 o|F AR AELS FEOZHE £ A
Ast ALEEIReH, 48 EZL TASI ALS-E
(2 9733 #4 EAWS] W EO £A4EY] &3 AF
QO &£44802 Aed EAFEZAEY AR AldelA 80% o] A2F S B A
£ camphor, camphene, terpinolene, beta-pinene®] monopterpenei °©|&. °o|E &FA4
® £ £ camphor ¥ terpinolened Al E5Fo] AL 100%¢] FHez FHad.
E4% terpinolene2 JHAFFE AHX9 F4 9 o|FL H; EHFHOZ A=
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Ao g #&F.

-39 2d SE9 @ AAYDF AL terpinolened] 23] A FHE AFS JER.

- 2322, monoterpeneHF 2] EO &4 5 ¢l terpinoloeneo] 73} 4o g3 vA
43 HeAd BEAEAY o] .

() nELHA @l g EO AL A4 HF

-EO &4 EE F piperitone? 35 mM KCl 2 0.1 yM NEd| €3 Uy &4 2 249
HEsd F3d g3 o|$adE el o, monoterpenefF¢l piperitoned 713 #5313
2l oA TS AESE ALE YERE.

-Piperitone2 W3 &A] H BASAHTHY HAFEE T2 JEFHL R o|gA .

-Acho]| 2J&] L= W ojE&4o)ghL v X o & Piperitone?] o] § Z L.
-ET-1¢] 9J3 W3] 1A £ 2A5e AEY F£2F7ME-2 EO £44 82 piperitone
o] AR & JAHE FFS Jebd.

-Piperitonee] €]§ #HFWol¢ HEAr} L-NAME Ao sfre GFo] flde),
Indomethacin X ] o34 <t oA Ags RY.

n 24 2 BA e #HEFH A NER f5%8 43¢ SNP (sodium nitropruside,
NO donor)o]] 23 ©]¢h& piperitone A2+ B H] A F Alold] ¥h-g-3o|& Jepl A &

[+]

Piperitone & & A X9 Ca” channelg opend ¢A)stE AL vehd.

-w}2}A|, Piperitoned] ©]§ B#ASZHe AL Ca” channele] A9 #d € 71540l
U Aoz AlgE.

-Piperitone2 £ ooz ¥ A3t EAE Ve,

-ZEH0Z, o]4¢ A= monoterpeneR ¢l EO =4 R piperitone Ca®" channel& ¢
AFdo2R gE At Al F Ae E4Y 754E AAR.

5. AEAAS (59743 2 2B HE factor 9 g EO AR 55 ZAE

(1) AHETAHRZANA EO &% 9%
- ARYBTAH XA ketoconzaole = Ang II9] 93] F=5HE ROS ¥ apoptosis A&
EO €448 £ terpinolene #ld] o3 JAHE AFL velhigey, beta-pinene =
g FeA= ROS %S A8t apoptosisdle FFE FA F%+=.
-HAGF2HEAA Y ketoconazoled] €3 DJ-1, ¥ Baxe] 2HWM3IE monoterpeneF
terminolen @ beta-pinend] &3] A H= FA¥E JEM.
-o| & AFHEHFE terpinolened TFAF A ENA L HIREA(TH 38 & 1T &
dE factorE9 84E JAF 7154 S £78 EEA2A 4L

(2) A2A XM EO &4HEY ¥F
-EO44=4E 5 ketoconazole™ Ang Ild] =&d AHITA XA HFEHTE ROS dA2
terpinolene ¥ beta-pinened] A& o] 23] thid ¢sE= FAES B¢, §8, ketoconazole
2 Ang T A2 3, LAFE apoptosiste terpinolened] olafixgt JAALFL Hol,
beta-pinen®] A& o] Y= AL IS WA ge R #FEH.

- Ketoconazoled] =2 H AZAH XAl Prx3, DJ-1 E Bax ¢ o3 W3l monoterpene
F-Ql terpinolen ¥ beta-pinend] A zjo] &3] AHE= AHFE YeEHAULM, Ang 9] 9

_6_



3 D1 2 Bax?] ¥ wisle terpinolened] Fzld] 93] ZA4=HE Ao AFF.

-o]E ZiAE terpinolened HTMEAe] AEAAY AH factord] FHE AAFI=H
AAE LHT e 22YE AAR

(3) NFAxAM ] BE §kgo g EO ALY B

-Terpinolene2 Ang IIE HX8 AFAAEANHY HAHF3AA collagen type 1 H
fibronetin 1¢] W3E A se A¥FE Wehliley, PAIl 31 TGE-B2] S@Hs e 9
Fo] SE AR Y

-o|& AHREZX5FE, Terpinolene A3 THL FAaAI7Ier oM B S 7}
(4) H=FM #AH G dHo| 3 EO ¢£54JE9 B

-Phellandrene2 ICAM-1, COX2, NF-kb% 2] 9% #& factor ¥ apoptosis ¥ Baxe] ¥H
Walo] A9 IS FA gtS. I, piperitone2 COX2 2 Bax, NF-kbe] wdd] A
FHS FA Yoy, ICAM-19] T E F7HA7= A e

-o] AFH}EL H=xZH A piperitoneo] FFWHgo i o] FAE el A E AAFE

6. 2+=3} EO9| AR AT

(1) A4=3F EO9 AA7 FARTZAANEET
-A4=3l EOE ©3) AT 5o F 1497 #F$ v, 453 EOL 9454, A5 H A=
AAFY ¥ Fol FEAHA FUa, FAVN FE F HAT S4F P FAALA o]
BEAEHA g5 BT AFFE LA AIYFE] #EHA EUS. w24 AT =54 9F
EA40] gle ¢tHF E4= ARHUL.

(2) At=38F EO9 HAF FAAASHAAEET
-3=38 EOE ©3 Ay o ¥ 1497 #F ¢ v, 453 EOs 9454 AT 2 Al
AHZFY W3 Tol BFHA IR, FEAVT T8 F AAT 34F W HAA o]y
o] BAEHA 5. EF FAFZSUAA AT EC] #FIHA %S gEid FY =89
9% 54¢] gl ¢Fd EAE AdHAS.

(3) =35 EOS HA{F HESHAEAT

-2kt EO9) tigt 1447 ¥HE A7EA 3¢S o vehds H4d S4LS FUA3toq A4
S FRlstuA AFEIS 13/49, 14947 vtEFHo 2 A AT T3t A|gEAd
g 54 AEE FHIHUS. 2 2, 458 EO E AFL 945, A 2 AlE 4
FEFe HE Fol PEAEHA ¥gka, ARV FFE F AAG FHAAL =35A] JAL F
A F A E AAFHF SAHAA oie] HEAHA o, BAFTEUNA ALFE
o] FFHA G2 B AY ZAA FEAHFLE 5 ml/kg bw/dayel RCE FHr7EH AL
(4) =3} EO9 HAF #H4FYSAHANIAAT

A58} EOS] 1008] 3149 (19,070 ppm) 2 108] 34 (190,700 ppm) Q.2 4AI7t =& A7,
BE77 FE F 5937 YIAAE AN 2, =537 2 SAYERT BEFA ofmE o
Aedx #EEZR gon, ARAFEEY #H € Vg A8 FU)d odFAe] uEhA &

S FAATZH vwste AF H AARHFZFHR ST 2 AolE HolA wgter, Ad
713t FERAAA AMEEEC] EASA 4. mEHA A3 E04 FYSAEL ofF 4R
O

Aoz FHHYL.



7. A AAEL o] 83 AAY X FA/ &A1 AAEANLE
1) 7158 AFHE ulgo s AN FE AAEL A
(2) 3942} AL AAF: ABREHL e 71E9 EO i AFEY d4Re] FH=E §80] ¥
=& Fusigon, 3 87 A&7 € I A& A& 9RO E do 45 EOAE
(ﬂoral water) 7S AARLe] AFoz g 4= BEOAES A F5&o] 4 Al
g HT Ao 911’8*2}"‘3 (via) o 2 (F)TAAF o) FE A&k
() ¥ A AAF: 37 AR7 £ 7 JEVY] 2AS HFo s st W o AAF
<l "‘51* EOAQ &S ?}Trﬂ 2= olg (2F)9 AFo=E /ML 4w EOHEY AU F5&0]

$3 g E HF A QFAE (via) 2B (F)eA AT 4 FF A
(4) AAEY &5 A
-0 743 A AAEFY FFHAS) G5 ZAE in viveo FHE R FAHE AN
9 FHAAEE NAZH TY A9 FELAEO g &35 g F uiAg FdA A
2 vlu HES. 1 A, $84E0 AT AN 4o di g3He= A%ES U
W, avez, 4943 AAEFL T943d o749 AANTE e A 5F3E v
d 7heAel e AFLE qAE. 28 FF 9438 2 AR ME B F73
FoAle] BY F 2o} AEd A7 22§ 28 Ao AlRg.
2EG AX ANAEZY ¥ 5 A} : monoclotalinee 2 $ 58 HATEY in vivo
RAdFES o] &3t wA ¥R tist n8YF AA AAEY] EFL AARHEY, o
A ¥ty dEFS HH F4¢U 43 2 H3de HH HuENE ANAZH Fdx2d
o] EO& H4 18 2d T4 YA T A= vHe 79 2IAPHIRE &<
g 2t 23, monocrotaline. 2 FE=H HA 1Y FEY dEZF HHYU ALY vg)
2 HF9Y dHg7} EOAEd 93] di A de AES JEAS. dEt nEd A
4 AAFL #A T LY T8 HEE A 15T AFE VEhE o2 BFFHOEN
HAgnEge] Mol 78§ AFOZA FHo| A3, 28y FF YAHE 2 AlHE
HAAME Bt A7 FoA|9 B F Eoh A 47 £ FAT 3= AIEH.

ZF H=3d 9F ¢de o 5= 9 @3 HIEZAE AAF FEEAE T
£ EOE A A 45AAT 44 93 F=d € 9 d 3E SUh 3, 7t
THERAU A E (HUVEQ)HN XY G5 A=A L caspase 39 ¥d F77t #4ste 7
oz #AAY, 3, A2H XA ketoconazoleZ F5H HEXEA 2 Bax odE =3l AlA
F TY9=7 %= EOAZ 93] of3lH = B¥S vEld. olde A= EO/ €93 E
= R oA xdg Mg EFuEe oA Az 2 AIZAXE 7T dl dAHETFdE JEE
73S AAE
(6) A= EO A& o AAF QA o] AT
- W3 FEoete] AAREE B AFE AFAEE AlAES] QA G4AHAY AFS S 7T
o] QIAAFAS F5t7] 8l IRB AFAS AU s IRBY A AT (AP H3:
KUCH 2015-09-041; $=31A: AFdgaEF4 ).

8. BEAYYE ¥ EOY A%
) 455 AMER FY: opd WSS A, sANGAT PPHREASNS AgA W)

_8_



FAA FF 2 57 2 He ESE AEstd AuiRE 3000% b, A3 AaiA 4
AzAHe] Hes A FAE/HYE 23 AuE 753U A8 A7l 3 EO AES Hm
£ A3 AuiAC F9E Ure] AHAZIE 2Es9 e, 4= EO 74 AR F 5018
4E9 £8E 93 AdE 228ty AATEN AF A7l R AYE EO A& 47F 9%
z71& Fy3
(2 A=3} EO9 5 874 R 7|79 &Y : AUy EAFASH 444 W EO A&
F2 % 9 98 245 81 3 A" 5E 71SY F27)9 ¢S RaE Y&/
B£9] steam distillation $&7] 20 ¥ ¥ @5 AP E EO 32 & G790 AHEE o
F27] 1HE 2A83en, 7| §57] 10, absolute 231, && F& FAH] 5 FEE
(3) Euel A3 8y : A= EO9 E2E $]3lo steam distillation, absolute extraction,
21Qt 229 @ 294 229 J4F v, AF FOs #e) 0 FAE steam distillation
ol 714 ARsE wsle) G,
(@) 423 E0s) AR ¥ BSAF
Ch AEEA: & A73L B{ FE7|H(100% FHSE 0% o) 17 A4 +8)
g8ty &% 453 EOF GC/MSZE £A43to 42719 HE& TAHSIA=. °lF i+
£ monoterpene ¥ sesquiterpene JE Y-S &% W, =3 EO £ & F£E94F
444 EO (floral water)?] JEEA L GC-MSE #Esla] E4(e: =372A X LAT
A, KBSI, A& 3A46)31e, F-8o] GHAA g 44358 4 g 75 71A< 388 F
77 o] REE AoR FlE
(\H A=3E EO9| H] AE#A &% AAAF 4 AFABEH, P48l &5 (free radical 4A
), T Ae5S F9E.
(5) 4t= 3} essential oil®] +5& % A& FHA3
(7h Ask A7) W& 43t EOS] 58, AE % a%4F
© 7ME 2714 e =3t EO9 AE H 58 FF
-/M8t F(vegetative), 738} F(pre-flowering), 7§13} F(full-flowering)$-= FE3I} 23Tt
A5 8LE steam distillation WH S 888t FE2F EOY #£5&& g 2 24 A F
o F#5&°| 7 A UEen, g e F5E0] FAHE AFE BY.
-AFH A7PEE EEE A3 EOY AR B4 7|2 Y AT AKBSI, A& A4l
E)dl 9l GC/MSE o]&38te EA8. /A7 & =3t EO 4&9 wsie A3
%o B-thujone, umbellulon, [B-phellandrene’sS X33 7717 AHo] Fo|FHoz &A%
= W3t A, /A8 F, AE F A7]9l EF monoterpenesd] o] E3omw, 53 A3t F
A17] ¥ monoterpenes ‘gE-2] F7}9l TEO] sequiterpene J¥2] Tl AFE. /A
EOAE ¥ sesquiterpere A9 ¥ Fo] AA3] gt W F FejdA 47 Fo)
&5,
@ AMFHA71E 453 EO9] &%
Mg F 0 A7]1e] EOE  EGFe]  H|[3] F&  keratinocyte % fibroblast®]
proliferation/migrationg f=3= Zeo] F<IH. ¥vd, A 4 A F A7)e] AFHJ
=3t EOe #2% 45 JehfA &S
A8t EO2 A FH A7) & g3 559 zlole UehA ftey, F5FHLE f4
g aas 845 e

@ e o



(h A A9E 453 EOY +5&, 4% | A53F

O AAAR wt& H=3 FOY 58 # 4& HF:

- BR(@AR A 93), %@ oh), ER (g TA A2)dA A5 3(pre-flowering)
JH Y A=3E A FH 8o steam distillation Y& &-83le] 4L EOY +H5EL FH-EF
-HE o2 580 %S WA, TF AH(FTH oMol EO £ & =3 AuEjd
Ao HAHA D& HUgh

-AQdz EelE A3 EOg HE £4L 7|2 ATAAATAKBSL A2 5-4AH)
o 2lgste GC/MSE #-&3te] B43e, F 37749 AES YT EF (Y 4%, @4
), 223 oMb € 33 (AY oA =F monoterpenese] o] A veEld. £33
Z0(&d olhA A =8 EO 4 Eo)4 monoterpenes ¥ sesquiterpenes A%< ol
B9 2 @4 A9 H&) =4 Ehd.

@ AAAGY BE =35 EOY &% HF

-F3 (3 ool A A =3t EOE EGF Hls) f-21#<] fibroblast Z4]/01F%&
=3 g, ERFE A, AR (3 F3l)e AFHF 453 EOe 54 H °lFF
o] ¥FHA &+

-Ab=3 BOe AFA g & 3438 59 Aol UshiA fgeu, L2 FAE
atst EA4E e

VI 9745 2 4388 AF

1. d7A4s%

2= EO ¥ 2E2ES 9248 NAAE A7 f3te £ Fo S o] FAFAA EF
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SUMMARY

I. Title : Development of materials and agents for anti-vascular disease using essential oils
from Chrysanthemum boreale Makino

I1. Comparison between Planning and Accomplishment in Research Achievement
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II. Research Objectives and Importance

1.

2.

Objectives

In this project, we aimed to develop essential oil (EO) from Chrysanthemum boreale
Makino (CBM) and to find materials and agents for anti-vascular disease such as
anti-hypertension and anti-atherosclerosis using the EO. Moreover, this purpose was

extended to commercialization of the essential ocil.

Importance

O Cardiovascular disease, which is in top cause group of death globally, occurs in various

ages and leads to death with severe complications when it is not treated on time.
Atherosclerosis is caused by vascular cell abnormality and is known as the most
important risk factor in cardiovascular disease. In Korea, occurrence of chronic disease,
including circulatory disease, bone joint disease, and degenerative nerve disease, is
rapidly elevated with increase in ratio of aged population. Moreover, people with
metabolic disease and hypertension are also elevated in Korea by the westernization of
the Korean diet. However these diseases have not been completely treated because there
were no perfect medicines or therapeutic methods . Therefore, it is required to develop
materials or agents to treat them in current medicinal area.

Development of natural drugs that were produced with extracts from animals and plants
is a promising area in the pharmaceutical industry. Thus natural products have come
into the spotlight globally. They have been used as various therapeutic materials and
are characterized by proven efficacy and low side effects. Moreover, utilization of

natural products has advantage that can heighten success rate of new drug development
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and reduce research time and costs through shortening the period of screening test
compared with chemical compounds. CBM can be easily get because it is growing
across the whole extent of Korea and its distribution area is very wide. Extracts from
CBM have various properties including anti-inflammatory and antibacterial effect, as well
as anti-hypertension, anti-atherosclerosis, angina, and nerve stabilizing effect. Form our
research, we can provide technical, industrial and economic effect through the utilization
of natural products and the development of new products and therapeutic materials for
anti-vascular disease using CBM EO. Therefore, our research is considered as a very
promising project for Bio-industry Technology Development Program.

IV. Contents and Scope

1. Establishment of plantation and growing conditions of CBM

2. Finding of the purification method and yield optimization of CBM EO

- Securement of suitable EO extraction system and apparatus

- Optimization of CBM harvest time, EO extraction condition and EO purification method

3. Investigation of CBM EO effect on vascular functions

- Testing of CBM EO effect on vasocontraction and vasorelaxation and finding theirs related
mechanisms.

- Testing of CBM EO effect on hypertension risk factor in kidney, heart, blood vessels.

- In vivo test of CBM EO effect on hypertension-linked responses

4, Investigation of CBM EO effect on atherosclerosis

- Testing of CBM EO effect on proliferation and migration in vascular smooth muscle cell
(VSMC) and on proliferation in human umbilical vein endothelial cell (HUVEC).

- Test of CBM EO effect on atherosclerosis risk factors in kidney, heart, blood vessels

- In vivo test of CBM EO effect on atherosclerosis-linked events

5. Investigation of substitution effect of monoterpene components from CBM EQO

- Test of monoterpene effect on hypertension risk factors and in vivo hypertension

- Test of the effects of monoterpenes on atherosclerosis risk factor in kidney, heart, and
blood vessels

- Test of the effects of monoterpenes on atherosclerosis

6. Investigating of CBM EO effect on pulmonary hypertension

- Testing of CBM EO effect on contraction and relaxation in pulmonary artery and finding
of its mechanism

- Investigation of CBM EO influence in pulmonary hypertension model

- In vivo test of CBM EO effect on pulmonary hypertension-linked responses

7. Human safety test of CBM EO and its monoterpene components

- Securement of human safety by acute toxicity test of CBM EOQ

- In vivo acute toxicity test of CBM EO in animals

- Safety securement of CBM EO in animals

8. Investigation of possibility as improvements against vascular disease
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- In vitro test on blood pressure, pulmonary hypertension and atherosclerosis

- In vitro test on inflammatory factor expression

- Ex vivo test on safety of blood vessel stimulation

- Internist opinions and consultancy

9. Launching of prototype against hypertension containing CBM EO

- Development of dosage form and launching of prototype containing CBM EC

- Human safety test on CBM EO-containing prototype

10. Launching of prototype against atherosclerosis containing CBM EC

- Development of dosage form and launching of CBM EO-containing prototype and the
prototype will be the first produced in a professional company that can manufacture
medicine and non-drug.

V. Results

1. Effects of CBM extracts on atherosclerosis-linked vascular responses

- CBM EO had a toxic activity on VSMCs at high concentration but CBM floral water (FW)
did not affect it at any concentration. Thus, we explored the effect of CBM FW on vascular
disease-related vascular responses.

- PDGF-induced VSMC migration was inhibited only by treatment with high concentration
of CBM EO but was attenuated by CBM FW in dose-dependent manner. Moreover, CBM
FW dose-dependently suppressed PDGF-stimulated vascular sprout outgrowth. Therefore,
this result implys that CBM FW can have anti-atherosclerosis activity.

- CBM FW attenuated the PDGF-increased the phosphorylation of migration- or
proliferation-participating proteins such as PDGF-receptor and MAPKs in VSMCs. Moreover,
rat vascular neointima formation was inhibited by administration with CBM FW.

- These results suggest that CBM FW may inhibit neointima formation by suppressing
VSMC migration and proliferation mediated by PDGF-receptor-mediated MAPK pathway.
Therefore, CBM FW may a promising material for drug development to treat or prevent
atherosclerosis.

2. Effects of CBM extracts in hypertension-linked vascular responses

(1) CBM FW

- Aortic contraction and relaxation: CBM FW weakly inhibited vascular resting tension.
KCl-induced contraction in endothelium intact and free aortas was strongly inhibited by
pretreatment with CBM FW. However, Norepinephrine (NE)-induced contraction was
inhibited by pretreatment with CBM FW in endothelium free aortas but not in endothelium
intact aortas. Acetylcholine (Ach)-induced endothelium-dependent relaxation in aorta was
weaky attenuated by CBM FW. In addition, CBM FW inhibited 35 mM KCl- and 0.1 uM
NE-induced contractions in aorta in a dose-dependent manner. These results suggest that
CBM FW may have relaxation activity in aortas.

- Contraction and relaxation in pulmonary artery: Pretreatment with CBM FW resulted in
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inhibition of KCl- and NE-induced contraction in endothelium-intact or -free pulmonary
artery. Moreover, CBM FW dose-dependently attenuated 35 mM KCl- and 01 1M
NE-contractions in pulmonary artery. These results suggest that these responses to CBM
FW in pulmonary artery were similar to those in aortas.

(2) CBM EO

- Contraction and relaxation in pulmonary artery: CBM EO weakly inhibited vascular
resting tension under endothelium intact or free conditions. Pretreatment with CBM EO
inhibited serotonin-, endothelin (ET)-1, or NE-induced contractions in endothelium intact
and free wvessels. In addtion, CBM EQ inhibited 35 mM KCl and 0.1 M NE-induced
contractions in aorta in a dose-dependent manner. These results suggest that CBM EO may
have components to induce vascular relaxation.

- Administration of CBM EO lowed blood pressure in SHR

- In conclusion, CBM EO may be a useful material source for drug development to

improve hypertension.

3. Testing of CBM extract effect on various risk factors relative to cardiovascular diseases
(1) Investigation on cardiovascular diseases-linked responses in various cell types

- HUVECs: VEGF-induced HUVEC migration/proliferation or sprout outgrowth were
inhibited by treatment with CBM FW. Lipopolysaccharides (LPS)-stimulated nitric oxide
(NO) production and NO synthase (NOS) increase were decreased by CBM FW. Therefore,
CBM FW may play a protective role in keeping vascular function.

- Cardiomycytes: CBM FW decreased TNFo-induced apoptosis and ROS (O 2 H,O»)
generation in cardiomyocytes. Moreover, miconazole-decreased number of beating was
recovered by treatment with CBM FW in cardiomyocytes. These results indicate that CBM
FW may play a positive activity on responses related to cardiovascular diseases including
atherosclerosis and hypertension.

- Kidney cells: Angiotensin I (Ang II) induced increased expressions of collagen type 1,
fibronetin 1 and PAI-1 in kidney cells. These responses were attenuated by pretreatment
with CBM FW. Moreover, CBM FW increased Ang II-enhanced expression of TGF-{ in
kidney cells. These results imply that CBM FW may exert protecting effect on fibrosis in
kidney cells.

- In conclusion, CBM FW may be a potential material to protect cardiovascular
diseases-linked cells.

(2) Investigation on oxidative stress-associated proteins

- In VSMCs, PDGF- or Ang Il-increased expressions of Ref-1, PRR and DJ-1 were
attenuated by CBM FW.

- In HUVEGCs, CBM FW decreased TNF-enhanced expressions of Ref-1, DJ-1 and PRR.

- In cardiomyocytes, TNFa-increased expressions of Ref-1 and DJ-1 were inhibited, but not
TNFa-increased expression of PRR, by treatment with CBM FW.

- In kidney cells, Ang II-increased expressions of collagen type 1, fibronetin 1, and PAI-1,
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but not Ang Il-increased expressions of TGE-[}, were decreased by treatment with CBM
FW.

-In conclusion, CBM FW may have positive activity on oxidative stress-associated proteins

4. Testing of the effects of CBM EO components on vascular disease-linked events

(1) Composition analysis and single compounds of CBM EO

- CBM EO was analyzed using gas chromatography-mass spectrometry (GS/MS) and
contained total 42 compounds. Among these compounds, seventeen compounds that did not
have any activity on vascular function was contained 15 monoterines and 2 sesquiterpens.
For tests of their activities on vascular disease-linked events, they were purchased or
isolated from CBM EO.

(2) Effects of CBM EO components in atherosclerosis-linked vascular responses

-Compounds that showed more than 80% in cell viability in VSMCs concluded
monopterpenes such as camphor, camphene, terpinolene, and beta-pinene. Among these
compounds, camphor and terpinolene did not affect VSMC viability (about 100 %).

- Treatment with terpinolene resulted in prominent inhibition in VSMC proliferation and
migration in response to PDGF. Moreover, vascular neointima formation in atherosclerosis
model animal was attenuated by terpinolene compared with control.

- In conclusion, these results suggest that terpinolene may ameliorate neointima formation
in atherosclerosis.

(3) Effects of CBM EO components in hypertension-linked vascular responses

- Among CBM EO components, piperitone exerted predominant inhibitory effect on 35 mM
KCl and 0.1 uM NE-induced contraction in pulmonary artery in the absence or presence of
endothelium.

- DPiperitone slightly decreased vascular resting tension and increased Ach-induced
endothelium-dependent relaxation compared with control. Moreover, ET-1-induced
vasocontraction in the presence and absence of endothelium was decreased by pretreatment
with piperitone.

- Piperitone-increased vascular relaxation was slightly decreased by indomethacin but not
L-NAME. Sodium nitropruside-inuced vascular relaxation did not differ between
piperitone-treated or untreated groups. Moreover, piperitone inhibited the open of Ca®*
channel in VSMCs.

- Piperitone-treated SHR lowered its blood pressure.

- In conclusion, these results indicate that piperitone may lower blood pressure by
suppressing Ca> channel in VSMCs. Therefore, piperitone may be a promising agent to
positively improve hypertension.

5. Testing of CBM EO compound effect on various events relative to cardiovascular

diseases

(1) Investigation on cardiovascular diseases-linked responses in VSMCs
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-Among CBM EO compounds, terpinolene inhibited ketoconzaole- or Ang Il-increased ROS
generation and apoptosis in VSMCs. However, beta-pinene attenuated ketoconzaole- or Ang
II-increased ROS generation and did not affect ketoconzaole- or Ang Il-induced apoptosis.
Moreover, ketoconazole-induced expression changes in DJ-1 and Bax were inhibited by
treatment with terpinolen or beta-pinene. From these results, we suggest that terpinolene
may be useful agent to improve abnormal conditions of cardiovscular disease-associated
factors.

(2) Investigation on cardiovascular diseases-linked responses in cardiomyocytes

- Among CBM EO compounds, terpinolene or beta-pinene slightly inhibited ketoconazole-
and Ang Il-increased ROS generation. Ketoconazole- or Ang II-induced apoptosis was
attenuated by terpinolene, but not beta-pinene. Moreover, terpinolene and beta-pinene
inhibited ketoconazole-induced expression alterations in Prx3, DJ-1 and Bax. Ang
[-increased DJ-1 and Bax expression changes were attenuated only by treatment with
terpinolene. Therefore, terpinolene may improve abnormal conditions of cardiovscular
disease-related factors.

(3) Investigation on cardiovascular diseases-linked responses in kidney cells

- Treatment with terpinolene inhibited Ang Il-increased expressions of collagen type 1 and
fibronetin 1 but did not affect Ang H-increased PAI-1 and TGF-§3 expression. Therefore,
terpinolene may exert protecting effect on fibrosis in kidney cells.

-In conclusion, terpinclene may be a useful agents to protect cardiovascular diseases-linked
cells,

(4) Investigation on cardiovascular diseases-linked responses in pulmonary tissue

- Phellandrene did not affect expressions of ICAM-1, COX2, NF-kb, and Bax. However,
piperitone slightly increased ICAM-1 expression and did not influence COX2, Bax, and
NF-kb expressions. Therefore, piperitone may have dual activity on pulmonary tissue,
although further tests will be needed for clarify the dual activity.

6. Safety test of CBM EO

(1) Acute oral toxicity test of CBM EO in rodents

- We observed rats for 14 days after oral adminstration of CBM EO and found that CBM
EO did not affect clinical symptoms, body weight and feed intake in the rats. After that,
there are no rat deaths and no abnormal changes in gross pathological observation after
postmortem of the rats. Therefore, CBM EO was confirmed as non-toxic material in acute
oral toxicity test.

(2) Acute dermal toxicity test of CBM EO in rodents

- In observation of rats for 14 days after oral adminstration of CBM EO, we found that
adminstration of CBM EO did not affect clinical symptoms, body weight and feed intake in
the rats. After that, there are no rat deaths and no abnormal changes in gross pathological
observation after postmortem of the rats. Therefore, we concluded that CBM EO is

non-toxic material in acute dermal toxicity test.
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(3) Repeated-dose toxicity test of CBM EO in rodents

- Rats were subjected to repeated oral adminstration of CBM EO for 14 days (one
time/day), and systemic toxicity were observed in the rats. Adminstration of CBM EO did
not affect clinical symptoms, body weight and feed intake in the rats. After that, there are
no rat deaths and no changes in blood test, urine chemistry values, inspection, and organ
weight measurement were observed after postmortem of the rats. Non-toxic amount of
CBM EO in the rats was evaluated as 5 ml/kg bw/day. Therefore, CBM EO was
confirmed as non-toxic material in acute repeated-dose toxicity test.

(4) Acute inhalation toxicity test of CBM EO in rodents

Rats exposed for 4 hour with CBM EO that was diluted 100-fold (19,070 ppm) and 10-fold
(190,700 ppm). Exposure to CBM EO did not affect body weight and feed intake in the
rats. After that, there are no rat deaths. No abnormal changes in lung and other organs in
gross pathological examination was observed after postmortem of the rats. Therefore, CBM

EO was confirmed as non-toxic material in acute inhalation toxicity test.

7. Development of prototype to improve vascular disease using CBM EO

(1) On the basis of in vitro and in vivo test, we developed CBM EO-containing prototype for
clinical test.

(2) Prototype for improvement of atherosclerosis was developed in the dosage of a liquid tea
containing CBM FW with reference to products generally available on the market and on the
basis of circulatory system specialist or internist opinions and consultancy. This dosage is
known to have excellent body absorption. Thus, Mixing ratio of CBM FW to other
components to promote proper body absorption was determined and prototype was
custom-made by Dong Seo Pharm Well-bing Co LTD in Korea.

(3) Prototype for improvement of hypertension was developed in the dosage of spray
containing CBM EO with reference to products generally available on the market and on the
basis of circulatory system specialist or internist opinions and consultancy. Mixing ratio of
CBM FW to other components to promote proper body absorption was determined and
prototype was custom-made by Dong Seo Pharm Well-bing Co LTD in Korea.

(4) Efficiency test of prototypes

a. In vivo test of anti-atherosclerotic activity: Vascular neointima formation in atherosclerosis
model animal was inhibited by treatment with CBM FW adjusted to the same conditions
with prototye in a liquid tea. Therefore, this result may provide a possibility that prototype
in a liquid tea may have anti-atherosclerotic activity by suppressing vascular neointima
formation. However, it will be needed to test more detailed conditions for clinical
application.

b. In vivo test for anti-hypertensive activity: To test the effect of prototype on hypertension,
we used monoclotaline-induced pulmonary hypertension model animal and observed
morphological changes of right atrium and pulmonary artery that is known as specific
lesions of pulmonary hypertension. Inhalation treatment with CBM EO adjusted to the same
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conditions with prototype in spray ameliorated hypertrophy of right atrium and pulmonary
artery wall in pulmonary hypertension model animal. These results indicate that prototype
in a spray containing CBM EO may improve pulmonary hypertension. However, it will be
needed to test more detailed conditions for clinical application

c. Effect on expressions of inflammation-linked proteins: Treatment with CBM EO adjusted
to the same conditions with prototype attenuated ICAM-1 and NF-kb expression in VSMCs
and caspase 3 and NF-kb expression in HUVECs. Moreover, ketoconazole-increased
cytotoxicity and Bax expression were attenuated by treatment with CBM EO adjusted to the
same conditions with prototype. Therefore, the prototype may exert protective effect against
inflammation in cardiovascular disease-linked cells.

(5) Simple clinical test of CBM EO-containing prototype in human

-CBM EO-containing prototype was made with reference to products generally available on
the market and on the basis of circulatory system specialist or internist opinions and
consultancy. To get IRB approval for simple human clinical safety test of the prototype, we
submitted an application to IRB at Konkuk University Chungju Hospital (IRB application
No. KUCH 2015-09-041).

8. Development of EO from Korean native CBM

(1) Establishment of CBM cultivation conditions: We created plantation (9900 m’) for CBM
cultivation in Hoseo University Practice Farm. The plantation was improved by upbuilding of
drainage facilites and a well-drained soil, and also by construction of non-woven
fabric/plastic mulching equipments to facilitate the weeding. In addition, we established the
various conditions for composition analysis of EOs from CBM with different harvesting period
and region.

(2) Establishment of extraction environment and equipments: The room for EO extraction and
purification from CBM was built in Hoseo University Practice Farm. To investigate EO
extraction from various Korean native plants, we secured extractors, such as two steam
distillation extractor and one simple extractor, and other equipments, such as concentrator,
absolute extractor, and squeezing extractor, in the room.

(3) Optimization of CBM EO isolation method: To isolate or purify EO from CBM, we used
extraction methods such as steam distillation, absolute extraction, ultra-high pressure extraction
and supercritical extraction, and found that steam distillation method was the most optimized
extraction way.

(4) Composition analysis and efficiency investigation of CBM EO

@ Components of the CBM EO were confirmed at the Korean Basic Science Institute
(KBSL, Seoul, Korea) and identified by GC/MS. Results of GC/MS analysis showed that
CBM EO has a total of 42 compounds. Most of these compounds belongs to monoterpenes
or sesquiterpenes. Moreover, component analysis of CBM FW showed that CBM FW
contained a total seven compounds.

@ CBM EO had wound healing, skin regeneration, anti-oxidant, and anti-obesity activities in
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non-cardiovascular system.

(5) Optimization of yield, component and efficiency analysis of CBM EO

@ Yield, component and efficiency analysis of EO from CBM of different flowing times

a. Component analysis

-Flowing times of CMB were divided into vegetative, pre-flowering, full-flowering states and
total yield of EO from CBM in different flowing times was compared. Total yield of CBM
EO was the highest in pre-flowing time and was decreased at full-flowering time. GC/MS
analysis showed that CBM EO obtained at pre-flowering time had seven specific
compounds including [B-thujone, umbellulon, and [B-phellandrene. Moreover, CBM EO had
high contents of monoterpenes at all flowing times, and especially increment of monoterpene
contents and diminishment of sequiterpene contents were observed in CBM EO at
preflowering time and full-flowering time. Several components of sesquiterpenes in CBM EO
obtained at vegetative time were decreased in that at full flowering time.

b. Efficiency investigation

-CBM EO obtained at pre-flowering time had stronger migration and proliferation activity
in keratinocytes or fibroblasts compared with EGF. Howerver, CMB EO obtained at
vegetative or full flowering time did not affect the activities in keratinocytes and fibroblasts
-CBM EO had antioxidant activity that did not differ between harvesting times.

@ Yield, component and efficiency analysis of EO from CBM of different harvesting regions
a. Component analysis

- Harvesting regions of CMB were divided into northern (around top of Hangyeryeong),
central (Asan), southern (around Namhae County Office). EO from CBM at pre-flowering
time was extracted using distillation methods, and total yield of EO was compared between
different harvesting regions. Total yield of CBM EO was the highest in the central region
and was the lowest in northern region, indicating that central region (Asan) may be the
most optimized point to harvest CBM. GC/MS analysis showed that CBM EO obtained in
all regions had a total of 42 compounds and that CBM EO had high contents of
monoterpenes at all harvesting regions. CBM EO obtained from central region had higher
contents of monoterpenes and sesquiterpenes compared with other regions.

b. Efficiency investigation

-CBM EO obtained in cetral region (Asan) induced stronger migration and proliferation
resopnse in fibroblasts compared with EGF. However, CMB EO obtained in other regions
did not affect the activities in fibroblasts

-CBM EO exerted antioxidant activity that did not differ between all harvesting regions.

VI. Achievements and their Application
1. Achievements

In this project, the extracts including EO from CBM are preparing to be recognized as an
agent of anti-vascular disease. Moreover, we got 5 patent application, 1 patent registration,

1 technical item transfer, and 4 publication of foreign research paper. Furthermore, many
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results from our research were presented 6 times in various academic conference and were
get recognized as good achievements. We will also submit our other results to foreign
academic journal for publishment of research paper.

2. Application

O We will set up our collaboration in order that the EQ or extract from CBM can get
approval as improvements against vascular discase and to be commercialized.

O Moreover. utilization of optimized conditions of the EO efficiency and production from

this project will result in smooth supply of the EO through growing of CBM in large
quantities,
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I 71E YgEe UF ENET EoE2 A2 FEd U dErt & gt &3
713480 g A2 IS FES AEe Adoste 71 & FAAE & £ UL

@ Hypertensive @ Road injury @ Diarhceal diseases
heart disease &) Diabetes meliitus ) HIVIiAIDS

@ Trachea bronchus @ Lower respiratory @ corD
lung cancers infections K

& Ischaemic heart @ Other causes

disease

2. 7ML HaA

O HAGE YUIF ARNA 714 588 AL JEAEY F=24 FH FHY. H2Z /F3HA
4 (423 e FAFLE olf H REVX I e AEAY) 2 AFAYY RIFEA7}
WIPOE H|%3le] WTO, AETSAHYG(CBD) T 4F FA7|7olA ds] == 3
T MEERAFTES FARYE 2 AFAHo| AFANALE AFFHojof 3, A=Y FA
Ad 2 HAEA o] v L HFFe] o3 ckgEe] 5&38, AESHL 7] WEA
old] BT FAFHA RE FAE wlAs|of vt FF83 UL

O FHFookAel W old] #3 Bt Fo MARAFELS FIAAY 2 AFRYe 29T
HEE FH3H, €X4FA, AR F¢ 2 o] F/HE w98 HE 75| e AT
He =¢S5 FA3 U5
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O 53] A9EL FHHEsS 22 YA Fe X8 AV Jves FHO] AL oAL
ANEY g EFAES BHude dE¥FHA F A9l Chinese Medicined} Journal of
Ethnopharmacology?] =& W& EXdAx & & & 201539 &A 712 F= 547
Chinese Medicined| A W& ® £47,208H ¢ =& & 4331H(9.17%)°] 943 #AYH =0
Aom F3472¢F 276H(7.9%)°] THAZ B =FUS. ol ¢F ZL gAEAF
ot elyzl ¢8Y] A (FHAT T AT AN 53 HAES 7FAol ¢FE $
AGgE AL dHo2 AAgL

O fEvele AEAYY 43 Iz o= BTAY BAHSE A 7T o) =&d
ARFY. AA BEALLE FI75%Fo} T EALS ofBRkgor AdFoz dAE
Ho|x v AMdo] ol & FHL UL WA FAFFHLR 5 FAREE FHI
o o]F A=A Ex gAY o E o] &3= ko] WA vpoleilY e 9 #HEAE
ZHg e Eigl oS AL E SYAELA FFALHRE FEHIn ALY AAE
Z&3lE = AlEe AlYAdEsie F 3283 AMY9.

O AGEL JEZRE S 4L 5T AFHLE o]oA £7] W&
Azy 57 g 2Aeg Exoz 3f w3 3% FAHE) vy 7
€ B3 47717 € H-&S AAse TAl A% A HF M EE
Hol 3L

O HAE 4A%L F-4F F JAAEANA 2% EZS A 9 A= S3AF 4 A
oF Atde] v E dolzd fPEclE FEIT 9lE. A FYAME it ol ¥
2 A F3AL, AFEENA AA7TE ZHY & e FAEF L A g FIES 9
3t & Fde AYrIdEe] FAIGE AAE Aot AT dF FU4H A
= ojd 281 Eojule FA9.

O ety A% ¢ 9004 F9] <)§ 715 845 Xy ey, EO ¥ #A
AE B A7 dE 474 FEAA JAHL AL gFEEY 972 77189 2 4
T F&S 5% FAHEE o8& o], vFo2 EAFE EO ALY 4 &2 7% 47
o AE JEHY.

O t}eksl A& AAE F 27 (Chrysanthemum boreale Makino; CBM)& $Huter}l ¥
FHAA oY, FGAA] EXIL L. Y BY Fo doe v gige HYY
B (boreale)et= F4F Eo] UL TAF(ELEH, Eok=)S o]AESE Y3 dAo=z HQ.
B BE3te =9 ARF(LilE)S o|7|(Fik) A 2AHEER)ANA FH#5H, o
AL =] AEAEEE dito] gvtede AR S AlAMEL

O 472 fElvet A AAstn 9 2 X dFo] di% Ko A& FH7 vl F
{ol3td, A= MFY 73 PAFE WEIT FEEA L] 715

O I3l= TYRZE HESY FAAL, B2AE 5 FAM A AR L) FAM=
Fo2 A g2 F 9. 2 F FUsH I3 Aol AR Attt Z1&E] 9
. 53], 18¢, F97As, FAS AAAE T EFol Aty 4HA AE

3 g, A5 48 A2 e vAE AT S (R €V, ® e, AckE 2R ¢
2 A7V, HAste] ¢kl vt E#EA). =¥ A FEELS F4, FHFE
ENE ol 7 RF (AN R AT U FEd 2V e ALE JEH S
(et E =)

o O do (o

_‘ﬂ
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214 (Chrysanthemum boreale Makino)2] &3 © &%

S 84 | 2744 94 75
24, dEAE [ HEg, HEY, | 28d9%, 7e99 7
(19, AL, 3, FAY, | S | A9 o

_ : $9735 e aF 4|8, 948, 29
14, 209, 355, | o0 | qagns | A% AT &, :
S 4z A, AHAY | B, 4IE, 33
O 4718t Zo| sb=xe g st &3/ 8% €34 e, B dFHA N A =il
A e A4TE 08T WARAR I FUFH ABA/AA A dF AFE AR
7gt
o]

g A B dadgAe A4 w2y &8, AEE AEFE 9 XE5A/EEA e 7
olgt= SHoAM 73, 494 9 AAFH a9 A& 71EH§ F exz A= EOE
43 @3 A ASA/93A Y AL B AWM LAY AAE o-¢ FH3 o
I ALEE.
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A3E 7T WA

Al &

A7) Ee] M

1zPd =
(2012)

A=+ essential oil (EO)
AEe] 943
Nds AF

> BRYFZHENVSMO) 54 2 o|F F=8A4 =3

- aortic sproute] FAJ =} o]d g 4k= EOL| oA &3

24

- 54, o)F AT AF

> EAYIAZHUVEQ)Y F4] & o|F dAEA AF

- HUVEC agonist®] F4%9 g A5d5

D> 23/ 4%d dgsHAs Axd g &5

- A% profibrotic gene W@ ik 4t= EO9] &%

%

- 4% apoptosis, ROS &A)d] gj§ EO9 H5H7

[> essential oil A&2] in vivo 3733} &4

- A5 EOQd| €]§ neointima 749 7|57

- aortic sprout®}-o] vl HE

[> k= EOE GC/MSZ EA3ld de 9 AHEL o
£33} ex vivo B4

- carvarol, thymol?2] &% ZAE$} EOg Hlw

43 EO 49
aRls ANE A%

> @89 £ 7 olg fx8Y 3

- NE A9 g 4= EOY oA a3 #HA, AChe] vt

S ¥ EO9 ad 43

> B39 o|¢t V1A AZRA HAF

- A EOA R 93t NO A 2 eNOSE IdEo oish

2 33

> 43, 44, d8dd dg 289 A g &% 7
3

- DJ-1, PRR, Ref-1 @uld W$&Ho] of3 EOY 7|5 79

[> Al essential oil2 GC/MSE EA4do de dd A
e o8& 5 £4

- carvarol, thymole] 33 8¢ 55 HE

- carvarol, thymol®} EO9] ®|m

Az QA gn o
Al z7e] &Y

> A AFA W 2= AufA FE

- 7Y 27 3eA 9 A € #

> HA Az &

- THNAS, 1Y HR screeng Y FEA
A4 2 §4 g8

ML
o
(e
X
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aFAMEe] HE

SR PERE

23
(2013)

AH=; monoterpene
A& EO A &3
4%

[> 4% monoterpene A&-2] T A Ho| Wi N
T

- ¥ monoterpene?] X3

- 2 Y AFE 3% Ui B4 AA

[> 4+ monoterpene A E2] in vivo 18 84 ASE
- th ¥ monoterpene?] 3 udY FH AA

D 2%, A%, ddd dd 943 AR U 55
iR

- 597338 A H JF P E monoterpened] FEE Y

[> 4+ monoterpene A& 2] in vivo FH A3 AR

e

=]

- ¥ monoterpene?] FFHAS FE HA

Abs EO 49 #H4

TEY AdE HE R

AgA A

> Hd8#] #5 2 o)$ =8 54

- HEHAE o 8% 45 EOY YA HI FA, ACh

whg-o g EO9 A} HA

D> HA3n8st mdFES] AH dF 5%

- endothelind] g AH=EO9 #}

[> Al essential oil AE 9] in vivo ¥4 1¥8¢ &4

e

- SHRe| g d¢t A3t a5 24

- ¥ =29 9% EO¢ a3 2R

> /‘1-% essential o0ilS GC/MSE FE4Adlo] d& dg
g o]&3 AARESG dA 4

- I:H}}_ monoterpene?] H ¥ Y HA

> ERFE X549 AF € AF AL

43 EO 49 &5
AANY R F5E
223 &9

> A#E EO F&719 FH
> 227, &5 E4/34 3 1
- |3 monoterpene?] &I FE2271 AL

> e ¥ 28 2 F7] Radye 2y
- EOAQE 84 AA
- By, AR dE Y &9
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AL &

SEPPERE

s
(2014)

A= BO AES
Feste =933
M AAFE S

[> A= essential oil @ monoterpene AE-& 33 A
o AT R AAF 24

- AH5F EO A& &8 d5473s8 AF ML

- 13 AAEFS A

> 8438 549 AF 5 AAE &4

- % AAE vgeE § AFY A

D 4t QRS XS 3 SAAF AFY AL L AA
F 24

- A% EO @ ¥ monoterpene AE-& 4T T4

3 AP ML

A5 BO &S
st L8Y A
A AE EA

> in vitro <}, #4 8, THAS i AE

- 1Al A AdE AFe Fn¥YF FF

- 1AM Add AFY FFHAH3 A4

[> in vitro inflammation fX¢1Z} 4@ g9l

- AFY FEF R E€F MAT 2H

[> in vivo 83AF4E 5% ¢A4 4

- i AF2 ex vivo ¢FAY HA

> Wa AE7 oA # A4

- U7 AdEE 53 AL AFE B 2 a4FA Y

A= EO ¥
monoterpene A& 2]

AA AR HF

[> EO¢] 454 475 8 AA ¢34 g5

- 09 34 54 44

- EO9] 5&7] 54 A1¥

> AAFE 43 invivo dT7E 5 FHEA g2
- TEYAY EF 44 2 54 A

> AR FE &4F in vivo GTE BF GHA

- FEAAMY 54 AEE T8 ¢AHAL AF

[ Q1A ko] A4 AA AR HF HA

- A73]1 10 et E57AL BP
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A4 A7 ATEE 2 gn 23
A& AfaHA =B g | 7]
2 m & | &€ (K| A | 7 | ¥ | A | TR | A
= a9 | == |sa H | & | o] | A= | E ¢k Hd | B8 | AN | 3
Al g | =
HEZR 3 3 0 1 5 5 0
2R 1 0 1 0 0
13
A 2 0 0 3 2
2% | 1 0 1 0 1 2 0
2P
A A 2 0 1 2 0 5 1
2% | 1 0 1 0 1 1 3
3RPAE
A A 1 1 4 1 1 2 0
2% | 3 0 3 0 1 2 5 0
A
A3 5 | 5 6 1 2 7 1
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H 2 & Q| 7|=71Y sz
AA U9 BE Jxe HAGH AR

O FU e trFdt okl FH A A A7 AFer A+ Y APAYERY =
HE 5 FHAS AL oA [8], 7 A =L 5 A [9], FAASgNNY S A3 vk
| ZFE T A [10, 11] Fo] ¥t 97y, &B§ FHAIgNE iy 2 FF2
Axe] HlEo] FoBZR o|F AES FAH(FHT olF)s 3T Ax F4F AAE dido]
g [12, 13]. @& dZ stent AlEA] UYeEhtE &9 A 3F restenosise= 5% o214 o]
Axel AL At FE(FLA) IZH stentd] A|&=2 2L 5 AEU[14] ol HEZA
29 20 ¥B AU Fashte AL Iu.

O FUFE v IR
A 4 53 A RF 284

AREZHLHEA S, THEEHLHES T4
28 A4 | AW 22, HEIAX SHA, EaBr|eA,
F5AEA, A HEF dA F

TRAAGAAY A, THAEEY Fr T7F BT | Uokxdx, 2ntd, EAED
ARgA, ZH2HE Fo GA H(EA4A)

o} EXULAEMR ZEtutAERE,
Aut2ele, 24ul2elg

H el Ad

O 7]&e] A¥F A% Ns5A FAA : 48P AL X5 PHoz I T AMEH
2 AL FELWHTA oY FELYLS FALHA, F2AY AR, FLAAFHAA
of2¥d, B-2gA, Ca ZA, nitrate, ACE A} A, FHASAEA TS A8 [15-17],
FEaYoRs ZFIFAFTHANIE(PTCA) T #5955 &(CABG)Tol & [18, 191

O a3 Ee 487 AFd g AFd=E B78ta PTCAS} CABG 57 22 $&49W
S o= Wol AMEStA JUTe AL ol FH7A EHAQ] ARATL e AAE EF FA4
THAS I Ald E4AFE FHASNe] R FoE I e HAA S’ Fe3d
AXZ AAHA gon 719 FHFEH MEE MEY FEA L] ALTE FHIIL As-
O 43¥8dA 239 A8A AL Y ¢ od5H A&e FL2AEH 5 AL & 2 oy
2t ARz QA% FAH A 2 AR we B5 olHE ARER A8 HES
A N2 AF5AL HZE A ADLAE o&3e A& 1 9v)7} &.

O AA7|s 2EEZY L2 A #7148 A A7 AdAEe s FH B2 7E
g g US AL on] 7 ¢ AHEN %@94 FEAE A @71 de 3=
EZE 9E F JueE AFHol A& Y o T /UMY 9% =2 FEL 7
oA )] §AE Hold & gve 23S 7}2 A=

O HEo| FAE e AAEANA LT F AUe SLEL o HFAAARE 43A A &
2 2L 72E 7H 7heAdel Aa wWEtA dEd FAR AECd S 5 U= AESNF
O0gAd-E FRE AU deiold dart e IAJEL 4R g 488 5 A5HL

P
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2 ool 7] Wi A5 A9 5 UE. ATH &% # 99 2L ¥R %Y
AEe WS &2 238 7L T 771037 HEE Fr1Fo R Ahshe FAY A
oo @ HF 7IsAE Y 4 e FH A=
O & FQERHE AYEY AEANFE A 4433 UL Phytomedicine2 200613 IF
140300 4 20143 287702 F7}3l9 e, Journal of Ethnopharmacology® 7-§ 2006'd IF
16250]4 20146 & 29982 F74t5lE. ol WARE ol&F ieke] Wy 9-9H BE
oA 9@ xHo| Yolkm Pee IuI% (28 2. .
O HFE YL F- 48 T AAEANA 58
B4 AN e Ao A vHE ¢
o]z friEor2 FEEI 35 A FHAXE
RS ol @2 AGIAL ATAEANN A
7S 2EE 5 Sle ALy d¥es H
AEe e #4o] ZERFHT UL T A
G7IHEC] AQE Al i I #9043 A
*E dd 204 Eolte 249 WS NT B §
Merck, Schering-Plough, Univera® =¢ <4+ 7] V5005 005 00,°07,°07,0;7,70; %07,
B ARGANNE M2 ALE FB, lbrary o) gus w0 A2 2as 2200 D
3 8 o] @4 B7F T A&£FHA FAE s
A=
O i ALE AGE AR AT 2ULA olF AF7A F 8zo|H, AAFH2E 25299
o2 O TEE FR8 U5, 93t 8~10%9] AFEL 71533 S WEHE JFE
50% FE7t HFEGFONAL FQEAAN #HE dd=d=, I = 239 FEE°y
gutolH A= FEY BHEF Fol R4 HEE AYY. S AL FAE AFEY 2
7HA A dE&de SKAME U2 o] 1589 Y, 2] 3158 ¢, AdIFAIE ] 100
g9 Es &9 TEANGRG F ] g &S SRS

S AAENF AFAH F7l= 420049 220 A2005 12 A2006¢ 7 A2007d 71
A20084 871 42009 137 420109 1270 420119 144 Fox g}t F71 49 A&

3.

1

2.51

2«

1.51

il =#=J. Ethnopharmacology|
=@=Phytomedicine

Pitoterapia

0.51

=

Journal Imfactor Factor

O AELA 8 ARFREE AAFLE FHIEE A AFAH YELA FHIT AlFE.
AA AELA AR 2015 39809 2= FAHHD, d¥d AFEL 98%= 2 4%
AE RY Aoz 4381 3o BTYEY 712AAAN AE2A Res JFAD AL
deozr 2a8% SXE AAS}L Y& APTE 7124A € A48 7= 2FIA 53
Ade s 4 1 09s FEH T v BolE AFER] 477 gawh

O $uete] A$ oF 900 F9] o8 715 FBAEc] REIT o1}, EO € #HAE
o B3 AdFEe g A7 FFA AP YL R A3 fr849 € EF F2
& FF AQEE o83 o, vFe= EAXS= EO ALY £4 Z 7|¥ |dFd FAE
Lrebd.

O = If AYE EE FEoAoLE Fioa A= 4EL wHeE EO ¥ U EA
#2 monoterpenes] g HT7 WA B FoAol I L4T7HI Ag T AYHE
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Z EOE O ##3ln e 4EL 4+ (Chrysanthemum boreale Makino, ¢F#]™; 19]), &
FlJapanese white bark magnolia, ¢}A|; F4}), =¥ (Kobus magnolia, FA™; 4lo]), 4tz
\} % (Japanese pepper, ¢FA|™; Atx), &f-(Elsholtzia patrini, 9F|™; 3F+), H-E(Self heal, oF
A; snx) Fol AU
O 4= (Chrysanthemum boreale Makino)2 v}l ZAd AT lu 2 EX H3Eo
5 Wol AEe] HFHE7} vaF go|gh #e|s AA(FARY, ¥, BRI 4
S EZE) FollA o%Q fzE FEH YL EJ AT FE2ELS FF, FHFE B9 o
g ¥, 94, 45 £ A3AE FE 59 AAU A AL [20-22].
O HAE YIF AFdA 71 F8F AL AEAYY =4 FH AP, H 444
(A23 =Ee FAHLE <& % EE/NAV de AEAY) B AFAHYY E3EAVL
WIPOE H| R3] WIO, BETUYAAHEHCBD) 5 4F IFA7|7elM 823 =953 I+
NEERFES FHAY @ AFAHe] AFANFALE A= oo} &, A=x9] {FHAH Y
AFTAH o] vz L HX=d 3] FEHo E33}, AFIHL 7] WE old B
TAAQ] BE FAE vt ol dvtn FFST S FAFYGAY € ol #AF HHFE F
o AL=AFTEL FHAY R AFANY ZEH BREEF FASH, I, AT &
o]FHE W HE T4 e FATHY =H9E FFINE A

53] AdEL TH7se 2L wAFEe 5o AAV Avhe FHe] UL FAE
ElENE Huste tEAHS F A9l Chinese Medicine¥} Journal of Ethnopharmacology
o] =& J& BHoAe & 4 A&, 20159 A 7R HZ 5397t Chinese Medicineo]| A &
®Y  $472089¢ =8 F 43318(O9.17%)0] FHUAS BHE E=Fo)e™ Journal of
Ethnopharmacology+= #£3472H% 276H(7.9%)¢] B9 743 #d =&AL, ¢l &3 e
AT Hiltolyel £87) AF(FHAE)H 22 AP B3] HAEY Aol &
FE & Ade A& dFHoZ AALE
O fHEvgte AEAYY U3 HTxo R BTAY 8435 913 7| Ao Z#s 44
. MA AEARL FI76TFo|Y ] AEAYLL 3utFo R HjFo =2 FEAME Rolx
A= AHe] o] & FHED S wEtA FFHOE 95 AJALS FHIA o]E A
EAY B YUAHAe R o]fste =¥eo] Hadh ulo]e4ide] A fE8AEAE K19l
=g Aoz FHARELA FFAZEE FFIA AL AR BEFTE AES
Al HAdst & FaF AS). AEEL R OIdE S 5T XNZHAR o)oA g7
& J5g Adeld ASE A% @ HE48E 5Ho = § [23] EF IEFPAAE
Hlgte 2 A3y 7I3bE T 713 vEE dse FAl Aokl Hg 43 vt
TAE 59 F Ue FH] A+
O HEE AYE F-4E T FEEANA F& EHAE AAd o0& oz qFF & AY¥
Ade] mHE EE fFEerE FETD A [4] @A FHAME Ry ofz #e
A B AL, ATFAENM A 7eE 2ET F YE SAE & A AL HIES o]&31n
e T AY7IdE] $HEAE, IAE Ao tg A +2043 AFT vd 2n)
Y Eoluye FAY.
O B d7#AdA Axstizx ste 45 o83 @A 4 FHAHY Xs5A9 AL
AGAL Y =3 &8, AZL AF € XAEAY Adolgte HdA 71«4, 4dF € AA
A afRE AE T d&

=
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O S If AYHES 28T #53F EOY AT {2 AR 1= /&S 879
I RE 2 T F&2 RAF/AG/AF 7192 Adade] 109 mwgl fA7F AA 4
70%2 AAYGFH 7]€gS 7HAA ZI B A7FHAc AFAA7ISALAIES FAE A8

g3 #AE AlgH.

TE HAEP(EH2E R F9735 #d FGE; Pub-Med)
Alfalfa Medicago sativa{Malinow MR. Atheroscler. 1978;30:27-43)
Danshen Salvia miltiorrhiza{(Mashour NH, et al. Arch Intern Med. 1998;158:2225-34)
Ginger Zingiber officinale(Bhandari U, et al. Ethnopharmacol, 1998;61:167-71)
Garlic Allium sativum(Siegel G, et al. Atherosclerosis. 2000;150:437-8
Hawthorne Crataegus oxycantha{al Makdessi S, et al. Basic Res Cardiol. 1999;94:71-7)

Cayenne, Red pepper

Capsicum frutescens(Kwon M], et al. Clin Chim Acta. 2003;332:37-44)

Green tea Camellia sinensis(Moore RJ, ea al. Br ] Nutr. 2009;102:1790-802}
Guggulu Commiphora mukul(Wang X, et al. Atherosclerosis. 2004;172:239-46)
Hawthorne Crataegus oxycantha(Rajendran S, et al. Atherosclerosis. 1996;123:235-41)
Tumeric Curcuma longa(Quiles JL, et al. Thromb Vasc Biol. 2002;22:1225-31)
Ginkgo Ginkgo biloba{Chen JS, et al. Atherosclerosis. 2011;214:301-9.)

Fo-ti, He-shou-wu

Polygonum multiflorum(Yang PY, et al. ] Pharmacol Sci. 2005;99:294-300)

Cynanchum Cynanchum wilfordii(Choi DH, et al. ] Med Food. 2011 Nov14)
Gourka Garcinia dulcis(Pinkaew D, et al. Am ] Physiol Heart Circ Physiol. 2011 Nov4.)
Great Burnet Sanguisorba officinalis L.(Cho JY, et al. Planta Med. 2006,72:1279-84.)

Pueraria lobata ohwi

Pueraria lobata ohwi(Bebrevska L, et al. ] Ethnopharmacol. 2010;127:112-7.)

Wine grape

Vitis vinifera L.(Kalkan Yildirim H, et al. Int ] Food Sci Nutr. 2004;55:351-62)

Purple sweet potato

Ipomoea Batatas(Park KH, et al. ] Med Food. 2010;13:91-8)

Tackweed Tribulus terrestris(Tuncer MA, et al. Acta Histochem. 2009;111(6):488-500}
Zanthoxylum Zanthoxylum schinifolitm({Cao LH, et al. Vascul Pharmacol. 2009;50:200-7)
Mulberry Morus Alba L{Sugimoto M, et al. Atherosclerosis. 2009;204:388-94.)

Yellow leader

Radix Astragali(Chan JY, et al. BMC Complement Altern Med, 2011;11:32)

Piper Piper sarmentosum(Ugusman A. et al. BMC Complement Altern Med. 2011;11:31)
Platycladus Thuja orientalis(Lee Y], et al. Phytother Res. 2010;24:1489-95.)
Oenothera Oenocthera paradoxa(Kiss AK, et al. ] Agric Food Chem. 2010;58:9960-6)

French maritime pine bark

Pinus maritima Lam(Kimura Y, et al. Photochem Photobiol, 2010:86:955-63)

Cape jasmine

Gardenia jasminoides{Hwang SM, et al. Phytother Res. 2010;24 Suppl 2:5214-9)

Indian Lotus Nelumbo nucifera GAERTN(Ho HH, et al. Food Chem Toxicol. 2010;48:159-68)
Safflower seed Carthamus tinctorius(Katsuda S, et al. Hypertens Res. 2009;32:944-9)
Nightshades Solanum lyratum{Kuo WW, et al. T Vasc Surg. 2009;50:849-60)

Sesame Sesamum indicum{Visavadiya NP, et al. Food Chem Toxicol. 2009;47:2507-15)
Xue Jie Draconis Resina(Heo SK, et al. Food Chem Toxicol. 2010;48:1129-36)

Chios muastic gum Pistacia lentiscus(Loizou S, et al. Exp Biol Med{(Maywood). 2009; 234: 553-61)
Strawberry Fragaria Vesca(Edirisinghe I, et al. ] Agric Food Chem. 2008;56:9383-90.}

Olive Olea europaca(Wang L, et al. Eur J Nutr. 2008;47:23543)

Rhubarb Rheum rhabarbarum{Moon MK, et al. Am J Chin Med. 2008;36:555-68)
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sword brake fern

Pteris ensiformis(Wei HA, et al. J Agric Food Chem. 2007;55:10579-84.)

chokeberry

Aronia(Naruszewicz M, et al. Atherosclerosis. 2007;194:€179-84)

Red sage

Salvia miltiorrhia(Jin UH, et al. Vascul Pharmacol. 2006;44:345-53)

Japanese Rowan

Sorbus commixta(Sohn EJ, et al. Biol Pharm Bull. 2005;28:1444-9)

Chokeberry

Aronia melanocarpa(Naruszewicz M, et al. Atherosclerosis. 2007;194:€179-84)

Siberian ginseng

Eleutherococcus senticosus(Ryszawa N, et al. ] Physiol Pharmacol. 2006;57:611-26)

Tassel flower

Amaranthus caudatus L.(Kabiri N, et al. Lipids Health Dis. 2011;10:89)

Cinnamon Cinnamomum zeylanicum(Jin S, et al. Food Chem Toxicol. 2011;49:1521-9.)
Pacony Paeonia lactiflora PallLi ], et al. ] Ethnopharmacol. 2011;135:469-75.
Pushkarmool Inula racemosa(Mangathayaru K, et al. ] Pharm Pharmacol. 2009;61:1111-8.)
Safflower Carthamus tinctorius L{Koyama N, et al. ] Agric Food Chem. 2006;54:4970-6)

® Galicornia herbacea L. 'S europeae L., Senna obtusifolia(L.) H. S. Irwin & Barneby), Tribulus terrestris, Lithospermum
erythrorhizon, Foeniculum vulgare, Euonymus alatus, Lycium chinense MILL, Citrus junos SIEB ex TANAKA, Pueraria
lobata(Willd.) Ohwi, Fallopia multiflora(Thunb. ex Murray) Haraldson var. multiflora, Astragalus membranaceus Bunge
var. membranaceus, Humulus japonica Sieb. et Zucc.{H. scandens(Lour.} Merr.), Viscum coloratun(Kom.) Nakai(V. album
L. var. coloratum Ohwi), Aristolochia Contorta Bung, Polygonum lapathifolium L.(Persicaria lapathifolia(L.) S. F. Gray),
Beta wulgris L. var. rapacea C. Koch., Gypsophila pacifica Komarov., Cimicifuga davurica Maxim., Lycoctonum
albo-violaceum{Kom.) Nakai(Aconitum albo-violaceurn Kom.), Rhodiola elongata Fischer et Meyer, Thlaspi arvense L.,
Crataegus pinnatifida Bunge(C. oxyacantha L. var. pinnatifida Regel). Potentilla tanacetifolla Willd. ex Schlecht, Rosa
davurica Pallas, Gleditschia horrida Makino, Macrocarpium officinale Sieb. et Zucc.), Eleuterococcus senticosus Maxim,
Oxycoccus quadripetala Gillibert{O. palustris Pers.), Rhododendron aureurn Georgi(Rh. chrysanthum Pall), Rhododendron
dauricum L, Rhododendron Fauriei Franchet, Rhododendron mucronulatum Turcz, Rhedodendron Schlippenbachii Makino,
Siegesbeckia glabrescens Makino, Galium aparine L, Lonicera chrysantha Turcz, Melampyrum roseum Maxim, Zostera
marina L, Triglochin maritimum L, Bidens cernua L, Diospyrus lotus L, Avena sativa L, Gynostemma pentaphyllum
Makino, Lotus corniculatus L. var. japonica Regel, Houttuynia cordata Thunb, Pinus densiflora S. et Z, Sophora japonica
L, Paeonia suffruticosa Andr, Cucurbita moschata Duchesne, Sasa albo-marginata, Portunus trituberculatus

® i, FAsNa, P2, X, =7, BE ME0OBE BEEoBE B, 2XabEk MTR), JXoBEk VAFIX
3, TRGHE, &%, FLE AXTN, LE, BRIEOH, FFATS

a9 5. FHAEE, nEY #H HES(SEE)
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33

AN

HE ABH

al
=2 T o

LHE X Bt

Ald QALY Ex R d4AE sARS

T

=84 54

(A%) ARETER AT S PuL
el o e * aortic sprout?] WAl ofd g 4t= EO(&
VSI\&S:‘_%-%} ig]—r AA)el oA a3 AA (27) agonist, 47) Fx)
i - * 54, o]lF AT A7 (2 agonist, 4 FE)
O e e T |+ HUVEC agoniste] 3459 tig &5a7
» 21# profibrotic gene L& tiF 4= EO(5%-
A/ A7 3 F 3} )8 BF AR @ gene)
A g A% » A7 apoptosis, ROS @A¢] )3 EO(F-84)9
A% 724 (tunnel assay, Oz, H20y)
EO 429 in vivo S5 | 2 BEO(-84)e) 9% neointima T4 7%
= 2
L » aortic sprout$}9] Hlu AE (3 &£9)
" ;—j Oﬂ%ifg;i o |+ carvarol, thymole] &% ZESH FOEG&4)e W
1% o] &g ex vivo ¥4 =
14
(2‘65) P 22 9 o9 * NE Hgd gt 4= EO(F£4)e 94 &5

A4, AChe] ¥hedl g EO(F84)e a3 3
<!

d#e oj¢t 71 JARA
Ag

47 BO(F84)4 %] &% NO ¥4 2 eNOS

o) W] Hg &% RN B9, NO)

A%, A%, 28 @
18t A Ui £F
i

DJ-1, PRR, Ref-1 @& @do) dig EO9 7%
T+ (471 gene)

32 FOS GC/MSE
4310 4L 9d RS
& F& B4

carvarol, thymol®] &8¢ A% HE
carvarol, thymoi®} EO2] |

SAY AFA N A5
A el A 3,000 &Fr

EXY dEA 2 (30003)
oY 23 spolM e A R B

HH Auj=e] &Y

A3, 8¢ AE screens Y3 FEAE
FE2 0 FE2 2 33 g9
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A FATER

ATAE FPHE

25}
Lk
(2013)

4= monoterpene
EY AR g &F T
L

el

) ¥ monoterpeneg] A%

IEGFHEAAS] 4B AEHAA ¥hE FEAR
o] o3l monoterpened EO&F-AE 2] &} test
(ROS, apoptosis, DJ-1, Prx. Bax)

A monoterpene A& 2] in
vivo 18 84 dF

¥ monoterpened EOETARL dudY =

gL RdFEL2 o889 HA

A%, 4%, €8 dF F
M35 A g B IF
ki

933 A7 gt )l E monoterpenes EOts
FAEA A AT EBAEANAN Eest R
¥4 (profibrotic, apoptosis, ROS)

A+ monoterpene A4E-9] in

vivo 943 84 AF

§E monoterpenes] ¥FHA% o tish =
FES o188 2%

HEBY F5F R ol 7
g4 &4

HEES 8% = EO9 94 a3 A,
AChe] W-g-o o3 EOs a3 A4

H4n2dyg ZdFEL AR
o g &F

Endothelind]] 2]8t #HEF5® FZHFd digt 45
EO % ¢=FAHe] 57 test

A= EOA E-29] in vivo WA
¥ 84 AF

EO % 44439 SHRY g dY 48 &7
test

3 220 g3t BEO&sA
NF-kb, Bax, ICAM-1)

2ol & §9) (COX2,

A3 FEOE GC/MSZ 84
st de Uy HEL o)%
g {8y oA 4

AbZHfloral waterdE  H
(monoterpinesT 4 A)

i ¥ monoterpene?] ¥ i8S} ¢ AR

EO4ES ¥4

dadg A=A
AF A

A8 2

g EO9) A4 A%
71& ZgALe) mixE §& EO ¥4 spray Al
2% 79 &3, BP £3%) 47

Z 3% EO 2 W9

A8 XFEH ZAZ BE3798 AR A&
o dg EHAT(IA, Auzdd O Fw A
£ 74 ¥ &F W3 F)

ol& FF Y AvizAe FAFH 7E A%
2u9 #84, 294 FeH, 757 FFH T
o a7 T3 /13 AEE Uy 324

£3/734

* charcoal filter, Boiling point &8, A4EH F

o] d4E 53 essential oile]
(EOZ %5 monoterpene A& 5

&g A
#2)

A3 B0 AAA & 2
7 AE s 47

AAAF, B
AT

R AR JLARA 7
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T& u s

* 7|I€ AFH} A= EO AES /3 948
A EC 2 monoterpene 4| A MHES &9)

< A5t B0 914 44

AZE 24 o 1F ANAEY ML

* 1T AAF E4

M
%
e
2
oft
o
=
22
P

% ARS HBoez ¢ AFY A

RS EPH T F9F

29 Mg R AAE & T3 EO R HE monoterpene ¥ Wi

FeAEs AP A

174A A ALEd AFY Fx8Gs 3AA
13 Ao A Qg A F2] dFA7H3 A3

© 15 AAFY AR

in vitro 8¢, #HA 1@?},:
S 7] thet Al d

32
ul; in vitro inflammation £zl g AZ9 Fg= "W gG= A AR
Qo1gy A EEA &S (ICAM-1, NF-xB %)

ex vivo HAAFTAEL 5

SrAA ol o M AF ex vivo AFAH AA

« Wze AHHEE T AL AF 5% 2 ¢AA

R RO E O L

EO9 #4=4 A€ %
AA gAY HH

EO2] 34 =4 AAFARE, 1H54)
EO9 &7 4 AN ¥

HAETES EF in vivo |,

AETES 8T in vivo &,

22 28 o@A Hu FEAY 54 AlES T A AE

« AACA L o] JF ET AF(FELL 1039

AA zto] P AAl g s+ 4 AL BP)

A28 F2 A7 Y

O Ngd FH 3 FA: d79 FIyd Do 452 dFEFAA AAHez Anf, At
AlE 7 TAHE AW AA(HA) A4 FA”, AFALE AT LA ¥8 Fo] 44
A A5 8o HE

- A= ARe £ A0 AL BHE AMESlY 5, FREE Ase 84719 1 Lot
NoE A&te] -70Co| R#3te #a.

O W &4: WYL SHRE o] &3t 45 AY Ao PaliE DOCA ¥ SE2de
o]43. DOCA T ¥gt TENYL YAFTE(AD)S fANA 44 82L& AASD, 1530
DOCA patch® ol7] Fatel AUF T BFFOIA 4%) T oA 542 & G2H A=
09% NaCl, 0.1% KCl R/O4& HolH 459 ¥ AWEATMEE A hd(melcuff HY)
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%

ot

o o3 dst 2. target AL oral EE mIAPoE TGP F Pgws

A

O in vivo TR FA AFH AMEEFE ¢ AFR2A HE W) WireE o] 8% THF
3t 2do ZA(RE AR Al) - 9F0E e qEEF FYo] =HUERS § F 60 sik B
Ae AHE3te R R T9e 495 2 RS dAEEs T, dEF FH9 F Z571A
(lateral muscle branch)E LEAA mAEANE 3 F A2=F wireE EF U= Yo ¢HAF
X wireg wd. Z|ARE 445 AFsy AYE B A5 NEELE Eof EHE JE
A EAREIE ) 3?‘- AEFEL 2559 AL

OFAd(balloon)E o] &3 FTHAS} XA A4: 5o FFHE A/NE & F HF F3FY,
WHE9, 4sHe] EUEg ¥ QFFHe Y760 silk Bdo=s 4d A%,
AEYe ZARE 9 2FF F, AT AR AAE AT ARFTY ZEH9
T vA AANE § §F 2Fre] Fogarty B9 HAAA €8 7HHEE 8 U= 49 A
YAHTE 7 FAE FEEn FYste WHeE HAARE 3FAX vrESA FH
= &A1 9473%‘3]1«] 7IAEE @41 dF8a, W4 FHL d&E dAs, F4FH
AAE AAsH ERE HEANY F B T F 4IFE22F F AL

O BAAXE o|FF &4 : 48 well microchemotaxis boyden chamberE o]-83}e &33g.
polycarbonate membrane€ #E tail tendon® 2R E FI 3t type I collagene 2 FHF F,
A&d A 1A <t AZA|Z. Lower chamberd]] 38131z}l &+ sampled 30 ¥ X713t
&, collagen©] Z®¥ polycarbonate membraneg &8l F chamberZE Z Y3 ChamberE H
F o] air-bubbleg] &3] %5 checkd}ii air-bubbleo] Ex|3}A] %= well®] upper chamber
o 01% BSA7} EFE ujgkAe] resuspensions o]z FBHAFFZ MES 5X10* cells/50112
loading®}. 37 Co| A 90E7F w|<ks)a, Diff-Quik solutiong ©]-83}le membranes]| F2-d A
EE 3243} @33 upper chamber WS migrationHA] @KL AEE AT
Membrane poreE F3td o|Fste MESY FE 7 well T FHAAZ &5 4719 FGA
counting g}

CERAX F45 53

- BrdU incorparation #4]: 96 well multi-well plate= 37Ce] 1582 F¢t type I collageno &
ZRAZ F, rypsin-EDTAS o] g3l 58 © MES WY (DMEM)oZ chA] g 2X10°
cells/well9] D=2 A EE 96 well multi-well plated]A] Zx 12217 8] F, 641 B9t
serum starvationg =3} test sample-g A d.

36A17+ A *F, BrdUlabeling £9¢ H7l3t3, ©]2 antiBrdU antibodyZ o] &3}e
incorporation ¥ ©]7 BrdU€ luminometorg #-83}o 7}l

- XIT E4: WelCount cell viability assay kit (WelGENE, Daegukorea)2 ©]|&35le =4.
2X10° cells/welle] Y =gE 96 well multi-well platecl] 231, 37 Cell A 12A|7F v 43 3- 64
7t 59 serum starvationS FT=3}3 test sample® *]&]. 48A|7te] A3} F XTT solutionS-
Z} welle] R7}8bar, 2442 A#%F, 450nmo| A enzyme-linked

immunosorbent assay reader® absorbanceE 3.
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O in Vitro Sprouting Assay

- S EHFEL dREe] AR Yo FukH
o] B APHA £ oo A . FHAFY
ARE F HAHE2HEY FH(proliferation)d o]F

=

(migration)8] F7he B4 #3A. 2HT GHBEIA
X9 FHH o|F AL FAJ AAEE(high throughput)=
233 3= 7IYL 2 ¢EA YA &5 ¥ 47 28

HEZHTY F4H o|FE FAY nEEE ZFY 4 ¥ in Vitro sprouting assayH-&
ExHoz MLsAS.

- Collagen mixture (Collagen type I; 180 pl, 10X DMEM; 20 11, IN NaOH; 5 ul)s} @@H &
ZAZ (25X10° cells/100 )& E@35}e, 48 well == 96 well multi-well plates] 5 1l
(L25X10° cells/drop)s A A3 AH F 101587 ALd4 A= (FAF Azxrt gahsiz
238 & A EF AT 364842 Y I Diff-Quick solutiong B85} fixingd} staining
dte] FARCZAEEH F4 H o|FF AR AYE FAs JE

O ROS 45 &A: M XU reactive oxygen species(ROS)2] 232 F9UFs et 4 A Jet
JE @49, & d33 & green fluorescence probe DCF-DA ¥ 96 wellS #-831<], 88 3
T AEXEREH A4HdE ROSEY YAFY FAHL nieE SHY 5 &

- ERYHEZ HES 1X10* cells/welle] Y= 96 well multi-well plated] W& 3, 64]7F
wjeFsl s, 248 5A} 3 test sample(PDGF-BB +, )& Yo%, 4R A3 ZAa ¥ DCEDA
stain(10 | M DCFE-DA)E F7}stz 1083 24 wgFstn fluorometerE o] 83t ROSE]
AEFE TFEeR 4%

O NO Aits &4: AXE 9 F A BolEE NOY & vix|dA F4l.

- "9k 247t starvationA]Z1 MXZE PBSE 2¥ & #F, 10 M DAF-2, 500 M L-arginine, 1
UM bradykinin ¥+ 1 pM acetylcholin # test sampleg ¥ 33t PBSE H7].

- DA A ZH(120%) WlF ¥, AF9(200 u)-& =238 black-well microplate= ©]|F. 45 9-&
AL plateE 33 =4 HHE 492 nmlexcitation) T 510 nm{emission)Z A& Z Fluorometer
o A&se HAP=F 4.

O ex vivo Aortic ring Assay

ololo)

Vehicle PDGF (5 ng/ml) sICAM-1 (5 ugimi)

[ololo]

Piceatannol 5B203580 PD98059

Intima

Media

Adventitia

SICAM-1 (5 palml)



- 299 9992 7837 A3l in vivod] 7i7bE AFIIMEC] Bl AMLHAAL UL
gt o] WHE v § BEZSAY o4 Aol A8 FHE HAHAES ¢4 US B d739
W3t ex vivo aortic ring assay= 9 F 3 A glo] 5 FRFPFEEF Y oy
23 o]F9] H}ARQ g £ A LEELEE FJIE £ Ae A7V olHT 771
£ g7 98 o2 AHEHY A 22 AFAE] ARSst e WY

- Matrigel (growth factor reduced, without phenol red)& 48 well plateo] 120 ul/well2 3
7Vt A9 A 143+ F¢t polymerizationd}ls] Matrigelo] coating® plateE ZH| 3. = o
FUHosry AR xF 9 FHE AHA, AFXF, branch vessel & B4E AAsz &
A, collagenase/elastase solutionS- *&]3}<|, Endotehlial layer B Adventitial fibroblast layer
AAR 58 dEY FE2 23L FuY 4A, $RE UFY FE2 2HL 1 mm 5
AZ A vessel ring€ wHEd, ©]E Matrigelo] coating FHo]F plated] embeding(1
ring/well; Ringo] dolXA| @A Zo)stx 50 ule] Matrigel& ring $Jo] Hol&, HAEH
sampleE& A |8t 3~5U3t M gstye], WYL ZHOLZRE FA/olFT AEY Az 2 &
=8 2339 B,

o ol = W

O ex vivo B#H TFHFAF : Y 5L "1 HAL F FRUFHE 29 &3t F9 2A
FAE AAsD &4 BES 9 F ddd € 3 BEES 28 YUY (physiological
salt solution, PSS)o] ] $]A micro-easy magnus®] organ batho] &2 A HD 02 &£
force transducer X< 2@ Z3o FA5 FF B4 BEY 27 FYE 1gE 3o 247
HE A7|HA 70 mM KClE 2-33] Fo3te] 5SS AEF. o|F AEE AZso €7
Z329 54 WEE BEASY, 28 Y W= physiographE 7|EF, A BE AF
Al 88 b9 AAZ Bag 483 98 FAS U A Fo 233 JAAA WIYAE
g AASIY WIHAE AAREES BEL WIHAE AAY FF= Norephinephrine (NE)
Z4k2-o] gl Acetylcholine (ACh)e] o]gukg- 52 HAJ. =34 organ bathte PSSE ¢
37CH &4z 87 943ty 44 2EF FAAF|L, B% 09 5% CO:¢ TH7t&
2 ¥FAA pH 748 FAAZ.

OCollagen ¥4 A% 239 AAAA F type I collagen, type IV collagene] FA4L2 HS=
Al AAF] shtgl. 4= EO7F A ) type [ =& IV E8t4 §A47 Euld v &7
& ZH3aR 5l%HS. 96 well microtiter platee] monoclonal anti-collagen 1 =+ IV Ab, (2
ug/well/PBS)E H¥ S F 1A|3F F<F blockingsle] plates Ful. &L welld 100 uL ¥
A glsle] RTH A 90F F<9F HHg-Al7]1, polyclonal anticollagen I =+ IV AbE Z} welld]
Aglsle] RToA 90& T HH&A|Z] F, streptavidin-POD(60 min), Supersinal ELISA pico
chemiluminescent substrate(10 min)Z ©h3-A]7]3, ELISA plate readerE ©¢|§3l9 HE U
type I & IV St FAF E4ld g 43 FH.

OABTs radical AA% &< 27 g=u¢ 2 &AL G E free radical 2A% FHE
B8 A= A4 99e A% ZFEMOPPH &A%y ¥ AF). i dA28292] ABTs
radical 24 Ao #AF 4FPL 7 mM ABTs$} 245 mM X elg H A o]E (potassium
persulfate)E E33 F A& FAolA 1243 o] HHEAIZl F AREFE. 01 ~ 40 ng/mLe
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FEE 349 AE 50 ulo] ABTs 100 nLE ZAF20A 587 vtg-A)7] 3 734 nmollA FJ=

5 3.

OAFAA L E3lo tlxe H3l 7F: Caloric homeostasis®] =& Auo] 2]F obesity
23 FAFoAM adipocytee] ES= B-HQ FAAFY. 4 EO9 adipocyte £3} JATE A
ZHezA o7 AARA E§ M5HE F9. u2 embryo 3T3-L1 AFA MEFE
10%2] Newborn Calf Serumo] H7}E DMEMH]R|o] 2x10° cells/mL =2 R-8A]7A 4847}
B st Y e HEE v 89X (10% FBS, 5 ug/mL ¢1€¥, 1 uM €A} e}
£, 05 mM 3-o]ARd-1-HEAd)2 ux|ste] 2Y3F wFst v FAl 45 EOE 0.1 png/mlL,
05 ng/mL 13 1 ng/mlL FEE o] . 247 MY F, APAEZS] EslE £33
8l 5 ug/mL ¢l&Edo] £3E DMEM iR ¢} A= EOZ 0.1 ug/mL, 0.5 ng/mL 281 1
ng/mL FEE o]l AT 22U Wi F 4 olAlE edw 01, 05 283 1 ng/mL F
=2 AP, 29 F FHZo| A= JdAd 2dvk A, wWjF Fo] A9 e FEFD
7 (Olympus, Japan)s o] 838t ##stx, 3T3-L1 HxEe] £33 JEE Oil-red OF ©]§3t4
@, 100% o|AZZPEF & o] 83t Mo I Oilred OF G4F F 520 nmoA F
BEE SAF

O =4 & o] QAANE FH/HH/EY: SANTRrE RAsta e AL A EAE A
AT EL AR AEE AAF. DI FA/NE Fo SAANF(HFYFESAA Jol =4l
) dAlEte 54 f5FE 29 =23 dxdistn gauiste] gAY FHA"E)E T 1
3t #FxeA Y MY BAE Lol(n=10)E FHF

- BIEAFFRASAAH 93 AFE5AH € 54 ¢ AHEEE AEFEA 4FU
ATFEAEHAES W Uehde S4& 243 - ¢HoE AARE] 98te] RREASAARE Al
4+ FER &5 47 76iE]e] ERH YA HA (specific pathogen free, SPF) SDHA =S4 Al&.
NEEAFAT S TIFASAHAE S 23 o ARiEdEF E T8 58 XT3l
SFNEAA 7 deld £ JEF FHEE 44, FH770 §¢ 9, AT AR 4
H#ZFES S5l Fo TR F FHE Tt =838 FAL B2YTF FAAL 93857 HAL
PelxAsd gaes Ag% 2z WHEANd gAe ANse 49 37, 8 7
5% W) AFdez NYEAY AF% A= $¢ olRE FASL oF B4 FRAY
(NOAEL)& %7}.

- @ ATEAANE  AREASE ANFEFE 93 AFEFYERIEE W @0 e vEhe
242 49 FA0E AT 95 VASHNYL 4N YBREE 44 247 544
EQH YA A (specific pathogen free, SPF) SDH = (FHlo]| e P =, FE)E A& AFEEF
Fo7L HY £FL 2,000 mg/kge 2 31 FH|E 2E d}9 1000 mg, 500 mg §HFHCE T
S 44, Fo § YT AFEA st YEuE ©1¢E FEFo2A APEZY A
EoM e yigX AL (Lethal Dose 50)S 4&stn A 7t=d:A SAEESE &9 HU 37
AM olFd FAo| AAHA] e A5 2 o3t &l i 54 AFEL AAA ¥
- B AAFAANE  AFEZ S AEFE dYFATFAEHALS o @717 Yo Jehte
Ae AF - FFoE AARRLY] st B3FAHANF L AA. dFFEEE 4 #EE ¢
Z}y 5olgle] SR YA RA (specific pathogen free, SPF) SDRA = (dihulo] ey 3, SE)E

RN
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g NPEARGZE Ao £3L 2,000 mg/kgO 2 3T FHE 22 3o 1000 mg, 500 mg
SHOE FoF S 43 Fo ¥ 4L AFELA 95ty UEhte §eE BITOEA] A
HEAY AToA 9 EHX| AL (Lethal Dose 50)& A&y FR=ZA] EAGAL F9.
At &FFAA olFd EAE ALHA W= FF 2 o5k &% g 54 AEL 4A
82 5.

- AEYESAHAE - doEE AHY ATEASE 2T e FTUE HYUTFED FYE F
ogte] Yelue S4e 23 - 3oz A7 Al ARdEZ] Bt ArEeL 43
37 BAME = =2 5493 2otd nAE YA (nose only exposure chamber) & A}4-3}
o GIFQFAFAANEES dA. TEHE 45 FF 7hEe SAHLAFTA  (specific
pathogen free, SPF) SDHE=E Al g FE 4= 24 29 ¢ 244 7 v & 3 2 mi/LE
Ad] §FE T FHE 28 5 1 ml/L, 05 ml/L §Fo2 FqFE 4. =27 F
L5, &5, A2, olaggAi 5, AYEA Al Y] BE, oE%E, 42 % 52 o,
A =E7d A olFE SAE RAFEHA @9= AF L o8y Fxdd U =F AFEL 44
82 5.

A 3E ARATrd 3y 2 4%

1. 345 F£59 4 7|5 94

7} A5 975 39 @5 (BRI AXY olF ¢ F4)dA i 55}
(1) Essential oil (EO)

h dsd FAPAIAESY FH: JHAS HFDL SD rate ¥ EF 3} collagenase B
clastaseZS o]|838le] dyfu]=3} adventitia fibroblast®2 E&817 HFZMIXZ a-smooth
muscle-actin  (SMA) antibody2 o|&3le] FH23PL. &5 FEHE rat FAFPF= 9
adventitial® © 2 HE] collagenase o elastase digestiong %3] YHAHFZAHE(VSMC) =
adventitial fibroblastE 31 3192

W 8875 a7

D Ax=y &5

- EO (X-&4: 0.001-10 ng/ml)e= EHRFEZ AXd W3 10 ng/ml F=4 2 F4L
g ey, 84 EO (@5F2E; 0.001-100 ng/mh)E oJH FEAHE 54L& JehlA &
+ (¥ 11B % 1-1D). w&tA AEAPANA 84 EO9 Adg F gz 3

@ AP AxY F2 ¢ olFd U &3

A= 2EE 984 EO 2 EO (A8A4)YE 7HA2 5 & (aorta)ol| X £ HEAIZAHE
(RASMCs)S ¥ H¢ A=A= 287 PDGFZ = F dAisle HBTA| ¥ migration (0]
5) 2 proliferation(F4])& Hlu FHg.

&b M Zo)Fo| i A7 PDGFY oaf =9 MEo]FL EO (0.001-10 ug/ml) H&]A] 10 1
g/ml TN JAAFS Vvepd. 28y $£84 EO (0.001-100 ug/ml)E= PDGF= Z713
Ao FE Fx EFLE G3ATE AR UgE (28 1-1A, 1-10).
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@ MEZ2d) g &I PDGFI 98 A3H MEZFL FO (0.001-10 pg/ml) 2|4 10 1
g/ml F=AXN AAAFE Vel 28y £84 EO (0.001-100 ug/me] A
PDGFZ F71E AEZFHE & &z A7 E AFE EY(Z¥ 1-1B, 1-1D). o4
o AREL 584 EO= g4 EOd| Hls] @#7)5d] &l FHANE AAF FAHEY
758 AAE

A B
= 1 Vehicle oy
&£ 800, W PDGF £ 200
= =
=] =]
g 600 g 150
o &
& 400 £ 100
s g
=
Z 200 50
= £
£
& o 8 ol
0 0001 001 01 1 10 = 0 0001 001 01 1 10
c EO (X| 24 : pg/ml) D EO (R £4 : pg/ml)
& s00 = 250
= =
g 400 S 200
= =
£ 300 S 150
&
= 200 S 100
=4 o
£ 100 z 60
= 0 T o
(4 -
0 000100101 1 10 1001000 o 0 0001 001 01 1 10 100
EO (=E&: ng/ml) EO (=E&: pg/ml)

oy 1-1. A=x52E9 @749 de zd HZE5 A 2 B, EO (AL4)9
RASMC migration(A) 2@ proliferation (B)o] ©hg &=, ¢ 2 D, EO (F£44)9
RASMC migration{C) 2 proliferation (D)ol W3t &7, PDGF5X:10 ng/ml

@ BAFFZAEY o|F H F4d #¥E oA @A I vX= BH

¢ PDGF #8719 $@: EAFAZAXY 7] 7153 @88 dsAgdid ¢dd @
4844 EO (0.001-100 ng/ml)e] A:E HES}7193ld $4 PDGF§7]¢] &d@] mae 9
¥ BN, 2™ 1-2M A7 PDGFel 98] J712 PDGF 87| ¥#o] 84 E
o Az o5 Tx= EHOE JAHE= ATl UEhd.

PDGF

ot

o

EO (ng/ml) Ab

0 0 0.001 0.01 01 1 10 100 Con.

p-PDGFR-§ l - s - e

LB I---

% IL'IOv

iglnu %% )

oo 7 .

g5 %// ;

E- 100 ///%/ Z
gom [ LTTF

PDGF - * *
EO (ug/ml) o 0 0001 001 01 1 10 100

a9 1-2. 2HYSZHE PDGFR-B 4tz L@ ozt &8
A BO9 Ael&T. PDGFF %10 ng/ml

& MAPKe] %3: P3BMAPK % ERK1/22 & #3584 X 2] migration ¥ proliferation®} &

8% 9L S Aad @94z B PDGF o3 AFoE F74E o wudd 9
57k 584 EOO o8] B dEAoz dAHE APl vehd (2F 19).
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PDGF

EO I
(gl 0 0 000100101 1 10 100

p-P38 MAPK R —

of p3BMAPK
8.8 8 8 &

PIE MAPK | e e o o s s

P-ERK1/2 - = ==

ERKA/2 | = e s = = =

p-actin

of ERK1/2
B

g

Phosphorylation (%) Phosphorylation (%)

oS A Ay,

EO (ugiml) 0 0000100104 1 10 100
3% 3. ERHETAE P38MAPK 2 EREL/Z ¢l4taddef dist ¢
44 BE0d Afad. PDGEF&E:10 ng/ml.

@ Ex vivo @& A JFo X 9%

¢ EF % A A (aortic sprout outgrowth) ex vivoA|HL FHFETAM XS migraton F
proliferation& F-Ale] #elsle Ho2 EEA U old A7) 4AE FAFEIAFY
migration @ proliferations] oj§ $=8-HEO02 AHAE HLAstr| At d & AF AES A
=4 39 14049 Zo] $84 FO (0.1-100 ug/m)9) A PDCF2 §E5: €8 % 4
e BE oEFHoEZ JA .

Q@ 2822 olddde 444 EO¢|9 migration ¥ proliferations]] @ ZAE AFA3]F
SA9 ol ERY FURE AT 7HsAHE AAF

E & &

Sprout Length{%)

8

POGE- *+ *+ + + =+
- EO(gmp® 0 01 1 10 100

PDGF+EQ (pg/ml)

100

23 1-4. BEx vivo 388 44 st 84 BECY H=adH.
POGF#=:10 ng/ml.

® TUASELL 08¢ in vivo BANA N AP vA= I

@ o439 484 EOS JABEZAHE 2 €84 AR 427y L4 e °] EO7
THAH T IS ¥R A= 4FA3. WA in vive FHE FHZHA TA=
@A 5948 neointima (NBUT) FAHF= e AHE B} F83 #H A,
ratd EH F3 RdeAM ¥AE AN FAHPEE 84 EO (100 mg/kg BW)A
T3 HAE & AR Hluaste JER.

©@ 28 1594 He uiel Zo] EOA 2|9 AU FAL2 v 2 Hl3] 3= A
L2 8937 o] AFe F84 EO7t FHURE A A AHHE neointimad] JAS AR 7}
< AR



Vehicle

a7 1-5, FHES 2249 g3 A=y 34 R 84 BO
2] F%. G X400

(th A&: ol4ke] AAEL AFFZE EO: PDGF-MAPKAZAE 3 FAYEZ AE
9] F4 9 o]FE HA|ste] FHAS Y F87AA AWNLFAAE JAE s E AAF

(2) Carvacrol ¥ thymol®] B#75AT

(7h AxE4 A3

-2k 9] monoterpene AEF 2] 3}1}¢l carvacrol @ thymol?] FHRFBFIAH T ZF4 L o]
o Ui a3 #F3d7) 98] $4 carvacrol (0.1-3 M) B thymol (0.1-3 1M)2] d#AHE
o M¥ =44 g 5297 @&, Carvacrol B thymole EF oW FEdixe ZA4S U
BhiA S (2% 1-6A, 1-6B).

A B
15
£ g
z Z 10
g 8
2 2 50
3 8
ol ol
Carvacrol (uM) 0 01 03 1 3 Thymol (uM) 0 01 03 1 3

O 1-6, Carvacrol 2 Thymol® FFHETHE viabilitye] sk
T3, A, Carvacrol® &3, B, Thymol® &3, XTT assay °]&

(h 289ET A2 54 & olFdd gy &=

@ Carvacrol ¥ thymole] migration @ proliferatione] i3t &x7} F3.

@ 29 1-791M A3 cavacrol (0.1-3 uM)¥ thymole PDGFo| =¥ HAFPHZAEY o]F
£ Fx YEFHOE JAse AFS UEHY.

B
z s g
B § 5
z § s
H Z
: § H
PDGF-BB- + + + + # PDGFBB - + + + + %
Carvacrol(p)0 0 01 03 1 3 Thymol(uM) 0 0 04 03 1 3

27 1-7. Carvacrol @ Thymold] ZHHFEZHE o]=d st &
3, A, Carvacrold &7 B. Thymold &3, PDGFE%=:10 ng/ml.

,46,



@ PDGFd] 93 5719 EAFPB/IANE F4 L& carvacrold] 93] = 9EFHog 94 HIY
o1}, Thymold] &Ae Hl fe]3< 43 JA wg-2 yed (248 1-8).

A B
§ £ 250
c
L o
z 2 200
£ 2 150
e H
3 a 100
@
g g 50
£ 0 g 0
PDGF-BB - + + + + # POGFBB- + + * + %
Carvacrol(pM) 0 0 04 03 1 3  Thymol(uM) - - 01 03 1 3

23 1-8. Carvacrol @ Thymold ERHFEZAE FHo st aH.
&. Carvacrol® &I, B. Thymol® &#. PDGF&=:10 ng/ml.

(TH ROS (HO)e YRRYIAEY o] 5L 27N LT, PDGF) 93] 2718 ROS (H:0)
A4 2 NOX$| activity® carvacrole] A zjo] o8] GA AL (27 19).

PDGF-BB
Carvacrol

A
g
= 200
=3
=
T 160
=
=
g 1004
| C 2
o
-2 —
o 1 é 200
H,0; (uM) 0 < 5
§ 1
B 100
&
0“ &0
o

PDGF.EB v +
Carvacrol | +

23 1-9. 2EFE=AEY RS AFe] g migration 71 2
PDGFel g1 5718 ROSHT carvacrold &#. PDGFE=:10 ng/ml

(FH BAHI A XY olF ¥ F4FH A5G T dHo v|R= B}

- P3SMAPK % ERK1/228 H#AHFE2AH ¥ 2] migration ¥ proliferationd F83 g&& e
Aladdddz guF. PDGEY| &3 1€ olg @Wd e 43 carvacrole] Ao &
g T YEAoE JAH= FFe] YEd (2¥E 1-10).

A

P-ERK12Z [ T =
TERK1? | s TS SEE T o=
P-pIB MAFK | o S— iﬁ |
' ] v

PDGF-BB ‘
Carvacrol (M) 0 0 01 0.3

W oa

B (o}
£ %
= - 4
s &=
o~
g 52
EE g2
] a8
w
@ -
£ &
- o
o
FDGF-BB * PDGF-BB

. +
Carvacrol fuM) 0 0 01 03 1 3 Carvacrol

a3 1-10. BRFE=AX MAPK ¢lataldd e digt Cavacrold A& D PDGFEZ:10 ng/ml.



(P Ex vivo 3% & Ao i3 ax

@ Carvacrol& (0.1-100 ug/ml)®} HelE PDGFR #ESE ¥8 4 44L & &Fe=
AAF (29 1-11).

@ me}A, ©]Z3 = migration 3 proliferationd] 3%+ carvacrole] EIE ABNAZ]H FA]
o olgde FUAS AT £FY 7HsdS AAR

AT
: By
e €

PDGF-BB -

100
504 I
0

PDGF-BB —
Carvacrol (uM) 0

PDGF-BB -
Carvacrol (uM) 0.3

i
0

a8l 1-11. Ex vivo 34 g3 Jgt carvacrold &% PDGFEX:10 ng/ml

(vh) FHASED S ©]-&% in vivo AN F4go ¥R 4F

O FHHEZAE € ) 4F 4o 2RYH dojd AH= o] carvacrolo] FH 73} LA
= A" 754S dEFANF. wepx FHEAESRAY F 8% neointima (AN FAFE
o fig EHE in vivo FEolA Ko} F&3] AT rat AR Zdo AAY=e FAF
T & carvacrold 8] £33} H] #g] FoA ¥ HEF,

@ 18 1-12A004 B Hps} 2] carvacrol (10 mg/kg BW)A g7 AAuiet 4L v
FEHot F3E o, PONAGEA XS 71 Z4As e AFE ved (28 1-12B).

At / P L

S Y | R e~ -2

Carvacrol — 3 Carvacrol — +

-
-

— 150
1.5 g 3
o -
s 101 — & 5 100 *
o = SO s
= 05 =5
. N i 5
0 © 9
Carvacrol - 7 Carvacrol - +

% 1-12. 294 2de 47 AA ] d439) S carvacrol® % PDGF B =:10
ng/ml. /M=intima/media thickness

(*hH AE: o)4e] AHSL carvacrolo] ROSe| 9j3] ==& MAPKAZYAE 3] 49
22 AEY F4 % o5 g Azt T RS AANLHAIE o8 AF AL AAE



il dEadg #4d 718 Ax9 wgd g EORH

-HABES AZY FANHAR, AF 9 AL FHRES £v 1WET Y A2AA8S &
HE FR71#9 AX]]. old o] HMEE UMY HEAEE AAUTGEA AT FE4
EO9Y aAE HEF

(1) gAY 75l vXE 9%

- ERHEIA XS] BHEo] E@I|TY T8I L = AEQ I IAAMEHuman
umbilical vein endothelial cell; HUVEC)S] 7]%] Wi§ 44 EO9 gL &3

(7h) Migration(¢]%5) ® proliferation(F4]) o] o3 A3 19 1134 HH, NHAE J39
Z¢l VEGF= HUVECs9] o]F B F4& F7HAFHLw, olF w§2 484 EOA=ZJ o3
A . VEGF HIZ= AejolA9 F4d dsirxz 84 EOx tid JAARRE Y& &
#H, 49 monoterpene FEF9 3d}¢l carvacrolEd o] HlF AAE JEd (¥
1-13).

b

-
@
S

4nn

300

o
=1
=]

200

@
o

100

Relative Migration (%)
Relative Proliferation| % ) 00

0
EQ

Carvacrol . - - o® T
without VEGF with VEGF without VEGF with VEGF

23 1-13. VEGF2 fr=d E#NIAX (HUVEC)H ¢ & 2
F4¢ st F#&4 EO 2 carvacrold &EFH. A oE
(migration) o] st &5, B. E&(proliferation)d] ot &g,

()
o
2
o
5]
g

(D) Ex vivo 88% A4 ¥R 9F : A7) in vito BHAE FAF}7| A ex vivo &
B A A¥E ANEF 281 M40)A e} Zo] 84 EO VEGEY 93 f=H= % 4
AL FHA e AP dehd. Cavacrol £3F H ¥ AAEIHE el (28 1-14). °]E
A #8844 EO7F @A AEY HRddE %S vAne AL AR

Control Vehiclke

with VEGF without VEGF

23 1-14. Ex vivo 88 43¢ gt +84 B0
A &ad. VEGF®E:10 ng/ml. Scale bar: 500 ym

(2 AZAE vA= IF¥

- AUAAHT BYY AZAXE u-S(apoptosis, ROS LAY, HE beatings)o] W 84
EO¢] A7E ZEE.

(7 Apoptosisd]] "A= & 4 rat YA RE £ GE AITAXAA TNF-aX] 2]
o3 LA A EWe] apoptosisB e W F8AH EOAARE #IAF ol& 9



TUNNEL assayy-& o] &3t AHZAHEE 443 F 179 IR AHE7l confocal
microscopeg ©]-§3t] EAH. TNF-aAgd] o8] dAHE= TUNNELFAGRIS-& Hole AX
FE 584 EOAFd 3 FiHe FFE vEhd (29 1-15)

Control TNF-o TNF-a+EO

X 200
a9 1-16, AAAHE apoptosis E8d] 3k 84 BOAe] 27, =, TUNNEL Fd9kaA %,

(\h) ROS 24 e wlX&= J%: £ wdE ASHZEANA TNF-ad =24 93] f=3H= O
2 HO, HARES) 3 484 E09] A ETst £4¥. 0,2 424 Ee) homogenate
o] NADPHS} lucigening #7+8 ¥ S#HEE luminescence assay H& ©]&3tg2m, HO
A2 DCE-DAGMHE o]8dle #AZE. 484 EO2 Ad+= TNF-a =& 23 A=
AFATAHE O R HO, 4L F2A7E AT Uehd (28 116). 05 Fie &
HEOE AAAENAS HPAAR(EUAS B 21U BAH apoptosis E ROS Ao
JAEF S YEd M54 AAE

A Control TNF-a TNF-a+EO

B 100

]
TNF-a
EO

2% 1-16. AFAHE ROS F484] gt 7484 EOAE Z3, A HOs &
Ae] i3t &3 =4 DCF-DAYAA Y-S A X, B. superoxide anion %48,

0, generation {(RLU)

(th) A2 ME9 beatingel] VA= FF : £ WlFd AR beatingd] thE EO A
ZEA7T B H. Miconazoled] 23] =¥ AZA XY beatingd Zae 84 EOA T
s FEHE AFE vl (I8 1-17). o) A= $£8&4 EOc ATAHXE beatings] {9]
3 E5E e 7154E AAHEL

120 |

100 1
80 1
60 A

Beats/min

40 1
20 1

0
Miconazole i + +
EO - - *

a8 1-17. 42 Z 2] beating o] A& F£4 B0 &3
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(3) AAM R WX 9

- A893F (F9A3 2 n¥Ed)H #EE AF321A (profibrotic gene)d @ o] i 48
A EO¢] &HE Realtime PCRY o 2 B3}

- Angiotensin 12 RAZH AA AXoA fx=2 A4F5¢A Collagen type 1, Fibronetin 1,
PAL-1¢] &d F7te €4 EO Ad 93 =% g3ee FAYE 2oy, TGE-BY Wwd
£ & F71Ee A= JEg (2 1-18). o ARERRH, 584 EO= FHFIAA
9 BEg ZAAT=Y oM EFE 71 FoZ AlEE.

WoR
B @

B &5 @

0

I

gl 1

»

2

=

E

m

[=]
Fibronectin 1 mRNA

(Fold Changes)
B @

Collagen type 1 mRNA
({Fold Changes)
o o

004
g ng Contrel  Angll Ang IMEQ

PAI-1 mRNA
{Fold Changes)
& & = i
TGF-E mRNA
(Fold Changes)

P | |
llllllllllllllllllll Contrel  Angll AngIHED

a3 1-18. AFAEAAY AdRaed (Collagen type 1,
Fibronectin 1, PAI-1, TGF-[) wdd dst-a4 EoHE ad
o gt Real—time PCR H #}. Ang II, Angiotensin II.

@) ZE: olE AEHEAE #¥E V& AE9 g A 584 EO Add id P87
£ ©] EO7l A48# 28 ¥d #d AE ¥3d fo# 553 L= AR AlRH.

o. A=F2E9 ¥YAE AL A 53 J4F

oA I8 BRAHXE proliferation 3 migrationd] W& 4-§4 EO9 dFL FH 484
Aol A TS LS AT A dFEE I £ US. ol ERe BA F
B8 oldde B2 e Helo] o A5 (o ¥shAdst A¥E H F50|g9T o
T WEE dSA7. mEN 8d7)5d A ERFEAY AR VRLE HS BFE AHE
Hetd £44 EOE 7143 8d BE2 dE F71 E95S8 ARV H3y n¥9=xd
7 243 #Ado] e FAoE ¢4 W BEZY 5 9 ol JxE AER

(1) B HE2 F5/01944 WA= 4%

- 88 BE2 LS 8494 Y9 7S JEdE AoE 48A U 53 gz a9
H ¥ HEEY $£24 dde UM xe 247 BEL MAE Rez gEHA e
weta g@Ueel FEE & HEEFEH dE 584 EOY AEAE AEINIH Y rat
cziy EFE YIHEA 3 BA dlolAe A4F €& (59, 439 )& AR £F
e olgdss AEF.

(Zh W dEHEZ £59 #FE dEFHY EF JFZ £5A4F4A¢] NE ( 0.001-10 1M
or 100 \M) B 3F= (10-70 mM) KCi-& AME 3jglen, ojehytg #AFd = thiEFH U



oFEH EF{ HYITo|gA A ACh (0.001-1 iM)E AHEE. & ol 5 B o|¢gukgd diF
444 EO E& carvacrol, thymol 8] &3/ EA4.

h 2%

O dsde £5 W o5 nAe 9F

@ B <P E(resting tension)o] o A}

2EE dF5YE Uy EX 2 2RS4 ERFET dHZY g 84 EOA] £
F #EF JHEA £ FARASY BE2 AAAH L £84 EOAF o5 /A
G3EE AT Uehe Aoz veg (29 1-19A, 1-19B).

A Endothellum-Intact aorta B Endothellum-Freeaorta
1 5 10 50 100 150 Wash 1 ] 10 50 100 150 Wash
EO EQ
{pgimi) | 1 | i L l ! {paiml) l | | ' 1 1 4
Control } ! | | } | | Control

[Vehicle) _ i o it » eniciey b b ' ! T ——

e T

oo

23 1-19. A5 HAF LA Q3 784 EOAE a3 A, HAEASAH S wk&. B, W7 FAste &

O 84 FFAd g &3

& ¢4 TEE(0-70 mM) KCl =& NE (0.001-10 |M FEE 100 1M)o & A= & WA sle
30 g 484 EOY AAE 43 %= KCd 9% @RI £5& £84 EO
A &3 NHEA R FARANH 25 ZFE3) A (2¥ 1-20A). NEo| 25 EaF
2 784 EOA ] g3 NHTA=AdA Zide YL HolAw, UYIEA A
FEE YA 45 (2 1-20B).

© olg AFAEZRH F£E&A4 EOr & FoA o9 f74 #Aglel 284 %% 39
3] A SR T agonistd] &7 FFL2 UH {FFo FFE L AL=E AAE.

1405 120
1] EC{
o 1201 EC“‘} T 100 I :l

CWE TR
2% 1-20.NE € KCld g5 29 £34 v|AE +848049 a#. 4,
Kcle g3 d#s=. B, NEAL T E#s=. EC(+), WAEAZ:
EC(—), A= gA=A.

© ¥, B 530 B Carvacrole] FEFL BE T LEE K9 o8 YAYES 42
& Carvacrold] &3] YBEA 24 A A oy Ui zdde %L
®olx &g (T¥ 1-21A). NEJ| 9§ €853 L Carvacrold o] ofd] NHRAZANA 5
22 7M7) ZAAE A%E HolAw, YuEARdNE AdEEoIN Ity Jee e
9 (29 1-21B).



| EE®) 5 100 BCH

Contraction
(% of 70 mM K

T @ o om mo W s T
B KCI (mM) KCI {mM)

| ECin)

m @
o o

(% of 70 mM KCl)
-
=]

Contraction

5]
=]

(=}

- 0
0001001010 1 10 100 0001001041 1 10 100
NE (uhl) HE (M)

a9 1-21, hE= £Fo) oA = Carvacrol32] &3 A, KClol 93 %, B,
NEd| g3t =, EC(+), HHAEA 2, EC(—), HHF A=,

@ d2: o5 AF/EHE €A EOs} Carvacrol 3] 4% & F24A%L 714 7154
o] AlAHE.

@ YEd & ojgse F At
i B EA st A &) F Aol WA= FF
@ Ache 2 fFEHE W EA ook

soz, YWHEAzAe d@=zFd ¢lo]4 NE (01 uM) AF0 2 w3 5322 o|¢HA
2 Ach (0.001-1 uM)o] &3] f==e o|¢e] A=l £84 EO9 3 s deAd o
3 HEZ
- 84 EO (0.01-1 ng/ml)2 A H EF@ A= Ache] 93] EAsh= W JEA o] ¢ho]
HIAE ] v @ =4 dAHe S JERAH(2 Y 1-22A). Caravacrol E3
84 EOst Hl&:3 E7E BY (2¥ 1-22B).

A 120 B 140
.
~ 100 xy ~ 120
sz £Z 1w
s 80 8
55 TE a0
® « B0 1 —e—Control |k, T
- N\ S B0 —&— Control
£ s 40 #— EO (0.01 pgiml) \ 8 ‘5 0 —=— Carv (0.01 pgani)
U8 | e £ 0] L cmeiom
Hipatrd) 209 —a— Carv(1 uginiy
04— . . . o+ v : .
0001 001 01 1 0001 0O Of 1
Acetylcholine (uM) Acetylcholine (pM)
a7 1-22. e Achdl 93] FEHE HHEA oj gl of
3k =24 EO (A) @ Carvacrol (B)<] &+,

© f=d 54 03 84 EO9 A

- eo 2, WHEA3 Y ddxA S NEO1 M) g 25x: KA @5 mM)EZ #5417 F,
&4 EOF T2 AFAF 3o o|gY=E HEY

- 584 EOE 15E KC % NEZ 243 $22 55 o2Foz ogazl (2¥ 1-23A).

g+, Carvacrol®]l #8317} AEY. Carvacrol2 1FXx KCIZ2 dAH =8 Tk g&FHo =

oF3tA| o]¢tA|7]}, NEo| &3 FFoe %8S T4 gGv o= #FE (2¥ 1-23B). o|&

o Astg B v, 84 EO9 &<l ojgd g AAr} Carvacrol B} ©f& &}
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el Ao F AAME.

p ]

1204 1207
o 1004 2 S 1004 W
.E% 80 =
=] ]
£5 0 Ecw) EEwi EOM g
= R
8% 4B —s—Control N, 8% 401 = ggnlml
£ 2y =eo0 - =0
D i VS S
1 5 10 100 150 1 £ 10 100 180
B Concentration (pg/ml) Concentration (pg/ml)
100+ 120
o A4 %‘ S| B,
i3 “» E: w I N
T3 60+ — SE s
£ " SE o ~u
£ 4 ECH g EC(+)
55 5
Uf 204 —e— Control U;ﬂ; 2l +((Z:nmrul ;
—=— Carvacrol 1] —a— Carvacro
0= i

1 5 10 100 150 1 5 10 100 150
Concentration (pg/ml) Concentration (pg/ml)

o 1-23. 0T e diEsdeldd] dst #2844 EO (A)
2 Carvacrol (B)e] &

@ W3 RAsel M9 ool WX Fu

O #5898 3o WF £84 FOY &}

- YEt AAE gBEAE NEQL M) R TE KA (35 mM)2 $342 F, $84 EO
g s5u2 JAPAT o] YHEE BMF. £84 EO: 15E KC ¥ NEZ SA4H &
2% FE YEFHOoE o|gAA(TE 1-24A).

- ¥4, Carvacrol®] 37} #&4. Carvacrol £F KC B NEE #28 +5& F& o&4
o oA}, 1 Whge] AEE 444 EOo sl ok A%e vehd(aY 1-24B). o)%
o] AxE =84 EO9 Un EYH o|go] tha &7} Carvacrol Br} &34 olg:= AL
A AV

120 1201
o 100 A =100 B——S—*—¢
52 . ] “5-\‘\\ = u_
k-1 - 1P Sz |
g; B0 1 EC() i i g s o] ECOH LN
S5 a0 : E8 404
S ; | —+—Control g 5 % Bid __:_E"O“‘m'
= —=—EO . =
R e —— B B . . S
5 10 100 180 1 5 10 100 150
B Concentration (jug/ml) Concentration (pg/ml)
1204 140
- u;_.mn 1 = N 1207 rf‘r.—‘
S5 e § £ z 'Sg ] i
£5%| ECH Wy Zn e{ ECH
=
8591 —control 3% 401 —e—Control
[ 0 —=— Carvacrol il 201 —=— Carvacrol
(1 e — g
1 5 10 100 180 1 5 10 o0 150
Concentration {(pg/ml) Concentration (sg/ml)

23 1-24. WHESHA iEHel ] gt £44 EO (A) 2 Carvacrol
(B)o] A5 27

@ HAFH FF/cl HA= ¥

@ B8 F544 g &3k

@ a%¥E (10-70 mM) KCl =& NE (0.001-10 uM)d] 98] ==& $£5¢ g EO &%

- AFE KC9 9% F/HED F5L 7849 EO Ao A5 WASAH 2 FASNAN =
T AE AAEAV vEE (TE 1-25A).

- NE9| 83 f=5HE @8+5L 784 EO =&d 3 AR Az2AdqA dAH: FFFL
Bol Azt o EAsAe i F3tH= 3FS veEhd(2E 1-258).
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- ol§ ARENE HEH FFd dE £84 EOY Ede dFHdANYE FAFEIY W
4% Bl AYE UEhd sl AlAHE.

A 120 1

= 10| EC(4) 5 100
5= o0 52 99
55 60 EE 01
£R / —+— Control £

S5 40 / —=—FEO g5 407
e n| / e 2]

= a0 | L B —a—a

0 -/ 0
10 30 &0 70 10 30 8 70
KCI (mM) KCI {mM}

B 70 4 70 4

g 504 EC(+) § 801 EC()

= ~ = N N
5= 50 4 = 50 /

8E a0 i TE 40 g

ER 04 G E8 304

-] Q
U; 20 —+—Control Q: 20 4

2 4 —u EO £ =

e %

04
0001 001 01 1 10 0001 001 01 1 10
NE (1) NE (M)

1-25. H82 £2of] A& 84 B0 FF A, KCldl AT +5F.

© ZE%E KCl =+ NE 9 93 =5 $£59 3 carvacrol &3}

- KCl (10-70 mM) o] &3t F@/FHZ 5L Carvacrole] Ao 23] U9 EAZA0A
A2 JAHE AFE 29y JAHRASNAME 4FE vehlA &S (2™ 1-26A).

- Carvacrol# & ¥ NE (0.001-10 tM)¢] 9j8] X8 & F£&L& YHRAZAANA £5& ¢
7t JAFE 45 Jehligdoy, MaEAsidAe HszdA iue dAZESE BRI
2 1-26B).

- ol A#E UFHAAAE 84 EO7l Carvacrol H|8| HFHAME Z§ & 5 ¢
AsE 714 /54L& AAMEL

e
=
=)

S + G 80 =
g;, 1001 EC(+) | 2 T
s A S= y
E E 80 = - E s 60 ?/
gg 8 22 w0 /
3% 401 * 8%
£ 9 ¥ _, Control = 20 F 4 EC(-)
= 1 = Carvacrol /
[ 0
10 30 50 70 10 30 50 70
KCI (mh} KCI (mM)
70 4 70
5 504 EC() 5 & 60 —
gx 50 \{ 5!50, /' é \
FT 404 ,g’ ] "E.E-.m. i ‘%
= / H y
£g 30 2 & f=
g% o i 3% 20
o2 fg /8 _ Control e ol .7 EC(-)
] » —=—Carvacrol o ./
0.001 001 01 1 10 0.001 001 01 1 10
NE (M) NE (uh)

2% 1-26. HEW 7= rlAE Carvacrold] ¢ F3%. A,
KClel 28 =, B, NE® 2|8t +=.

& 2@ olgedd dF &R

@ AChL® fEHE UH &4 ERogd viAs 9F: AT=(0.011 pg/ml) +§4 EO=
g & HHA Achol o] T s= S AolgE AET u, v A B vis |
B sz &5 (3" 1-27).
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120 o

100 4
w
;g 80 4
T
§< B0 4
EE —ae— Control
82 40 A EO (.01 pgani
Z —=— EO (0.01 pgimi)
T 9p | —a—E0 (04 ugiml
—&—EO0 (1 pgiml)
1]

0oom oM 01 1
Acetylcholine (M)

21— 27 HEHY Ache]] 9 FEFHE U
Nol&4g o] Lol T 84 EOY A

© WHEA} (D] &AM ol Wst

- FEAEOE = 9&FFHog KA (35 mM) & NE (0.1 uM)el| &3 A58 52 o|g4AF
(2% 1-28A).

- o]d| ¥k, Carvacrol2 KCIZ fEH 59 9IS FA %S 2ox #FH(3 49 1-28B).

- o]49] die 484 EOc U3 dEFQl ol HAUl Carvacrol B0} HE A#AAY 7}
g AL

A 140 1
o0y el =g 5 120
.g % an LY 5= 10
o \ SE @0
£5 % ECH) | £e w{ ECH e
(_J:':E 0 —s—Control \ S5 40{ —e—Control \i
= o —=—EO0 u £ | =EO

1 5 10 100 180 1 5 10 100 140

Concentration (pg/ml) Concentration (pg/ml)

B 120 120

_oim — ey g 1m e e

g5 o EX e

83w EC(+) BE o EC{+)

= Ew

E 5 40 —eControl H L:'; 40 —ea— Control

£l 0 —=— Carvacrol b2l = o1 —=— Carvacrol
gt

1 a 10 100 180 1 a 10 100 150
Caoncentration {pg/ml) Concentration (pg/ml)

o7 1-28, dH &4 HEde] g gigt 84 EO (A)
2 Carvacrol (B)e] &3,

@ e A (FHEA)ANAL daolg W

-UHs AAE 8824 L NE (01 M) 2 KCl 35 mM)Z 43L& 453 ¥, 484 EOE
TEEE AF8te o|AAHEE EHT

- 784 EOc KCl 9 NEZ ¥4 d FF& Tk &3z 74Nz (¥ 1-29A).

- 23} Carvacrolg KCl ¥ NEE 58 439 ofd EAE Yl && (TY 1-29B).

- o9 A YFHAAAY HFEHANAY Ha SdF o|gde tig &4 EO9 a#A7}
Carvacrol Rt} G373 AUE& AAH

A 120 - 140 B 120 120
D] g e g 120 A3 g e 5 100 m—8—0——1
SE 5= 0] —F—g s “ cx
£% o0 £= §3 80+ , g2 o
23 SE 80 EZ v z
£3 601 EC() " £ 50 EC(-) . £ 60 EC) £s 60 EC(9)
S -
83 —.—(énomml 3% 4 —e—Control 9 o 4 —e—Control e 40 —+—Control
= g . » £ g —=—EO u 20 =— Carvacrol =20 =— Carvacrol
4 0+ 0 0
1 5 10 100 150 1 5 10 100 150 1 5 10 100 150 1 5 10 100 150
Concentration (pg/ml) Concentration {ug/ml) Concentration {pg/ml) Concentration (pg/ml)

g 1-20, WH =94 HEdolgd thd =344 EO (A) # Carvacrol (B) ] 2 A= &,
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@) Bel £34 % UL $A) YFE F& A 0P $84 EO2) B
CGHUMAZ M2 NO 44% 2 NOsEEel WA: 9%

@ NO AAe] N sk 28 2 AHH, FSAIIE 712l (INF-q)o] ola] HE5E NOA
ko] 484 EOAd] o8] A8t S e, £ Carvacrol At $44EOs ol
2% B3E Uehd (29 1-50).

Control Vehicle Carvacrol

”----
50
LPS(+) “‘“ , ‘
EDi‘luuungn ------ $ =
aaaaaa M) - - - + - - - 4

Scale bar: 100 pm LPsunu ng/mi)

Intensity |“:‘ )
8

23 1-30. SR A AXANA L NO 45t st 784 B0 (A) 2 Carvacrol (B)2] &,

@ NOS wdel g &5k LPSZ #5249 NOS (eNOS, iNOS)d] Z7hd 8L 444 EOS
o) o8 AAHE AL B (Y 131). AT} Carvacrol Ha) EF Hl&sA NOSE
de BaAvE £42 v (27 131).

LPS (100 ng/ml)

Control EQ Carvacroll

iNOS | =

B-actin | smmm— ——

2R81-31. @3 WA FEANH 2 NOS (eNOS, NOS)
2H o] st 784 EC 2 carvacrold] &

() AEAALAE A9 A2E 2098 ¢id T3 o A
O EFHIgAMY A% DA TH g & TNF-ao] 93 ==+ Refl, DJ-1
PRR ©¥d9] F71d 2dL2 FEAHEOA A 3 F4HE AFS vetd (2¥ 1-324). 9
S} HI&J §18-o] Carvacrol Ao A= #FF (2¥ 132A).

@ A2AENAS ©9d GHo| & A3 TNF-o] 8] #E5% Refl, Pod, D19 &
AZ/ke 444 BONE= osigAt, PRRY Ldde AEDE YehjA Rt o=
229 (79 182B). o9 H%® AP} Carvacrol H2lo] A FEHE Aes BEF
(¥ 1-32B).



A B

TNF-o (10 ng/ml) - + + + = + + +
Carvacrol (1 plV) - - - + 2 5 2 +
EO (100 pg/ml) - - + - - B +
Ref-] | w—— e o — | - I— | Ref-1
— — — — K
DJ-1 | . DJ-1

e G e @a» | FRR

PRR

e — -
| — — —| Pra
practin P.-.‘
| e — | GAPDH

a2y 1-32. FHATA) 2 A2AT BIANAYg 2@84dAA &
Wz o] Wgo e &4 EO 2 carvacrol®] &3,

@ NFAZAA L BHA factord] hF &3k A7) AFD AFANAE AL BAE(FHA
5t 9 n¥EPF BEd FA KA (profibrotic gene)E1Ql, Collagen type 1, Fibronetin 1,
PAI-12] angiotensin 2 (Ang I)o] 2 AZH AFAENA FEF AHH39A Collagen
type 1, Fibronetin 1, PAI-12] angiotensin 2¢] ]33t W3 Fr71= F£8&4 EO Aald o &
orgl =), TGF-Bo @@L i Zr7ste Aoz Jebd (29 118 =),

@ FHHIZIAEAA Y Fd SR F W@ g &7 PDGF 2 Ang II o] 93] fFEHE
Ref-1, PRR & DJ-1¢] HdF717 48A4E09 AZsx &4 T v &3 &S HA
o, dAFLE FE7 Eolgd wit a8 IIALI ZAaHE FFE JUEd(Ed
1-33). 23B2 ol AASL FEAHEOT n¥YRH ddide] Qxte] IS HAAIE
positive T2 713 7}eA4L A|AME

Angiotensin 11 (100 nM) PDGF (10 ng/ml)

EO(ng/ml) - + 10 100 : 1 10 100
oo ] ]
L e |
o [E e = ] [ ]
R — | (= ———]
D-ACHN | e————— | _—— ———.l

09 1-33, AVRYTATAAY nEYBA GYAY T
qg 5449809 wit,

2. 3= EO 2% ¢ £838 £F4E9 #7597
7t B9AR FAN T U@ 4= EO 2Ry Belg £58E &7

1) B
(7h 4t=r EO A#9 %2 ¥ monoterpine¥} single compoundse] &1

£ 473 dudadA 243 RAAE GS/MSE o[§ste EOE EAE ©h camphor
(17.42%), B -cubebene (16.20%), piperitone (5.72%), [B-thujone (5.15%), caryophyllene (4.70%),
1R-u-pinene (4.12%), camphene (3.75%), bicyclo[3.1.1]heptane,6,6-dimethyl-2-methylene-, (15)
(2.62%), B-mycene (2.06%), and sabinene (1.97%) 52 X3 sl F 4271R]2] Ao EA3H.
olF AR R A= EOZNE Ho) FAsY AHSdger, B3 U3 BAe AAY ¢ B
2o F T LA FUs AHSE BEAFS f3) 24E HE F HU)so| BEE
A gko AHE 177FA] (monoterpine, 153&; sesquiterpene, 2F)E A3ty £ AT7E £33
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(29 2-1).

Compound name CAS No. St HEEH
1 Camphor 000076-22-2 =2/
2 Camphene 000079-92-5 =2/
3 Caryvophyllene 000087-44-5 e
4 1-Phellandrene 000099-83-2 fum B
5 v-Terpinene 000099-85-4 o R
6 a-Terpinene 000099-86-5 e |
7 B-Myrcene 000123-35-3 =22/
8 a-Thujone 000546-80-5 Ha|/1
5 4-Terpineol 000562-74-3 S
10 Caryophyllene oxide 001139-30-6 e Bl |
11 Sabinene 003387-41-5 2
12 Bicyclo[3.1.1]heptane. 6,6-dimethyl-2-methylene-, (1S) 018172-67-3 -4
13 Piperitone 000089-81-6 T4
14 Thymol 000089-83-8 e/
i5 Cuminic aldehyde 000122-03-2 T
16 a-Terpinolene 000586-62-9 e |
17 1R-c-Pinene 007785-70-8 fu R}

a8 2-1. 4= B0 AEe 422 2 monoterpene™ single compounds & W<

(h dsEd 482 =4 2 Ax9 n
Rato.z HE FRAFHE £33 F =3 & collagenase L elastases 9] 45 ©]-§35}]

% & HEIALE 7 #EAHEE A9 AHEE

2) 24

b SHAsBE v g3 A= EO £54%89 a3 A=
Zolg 4% EOYES SRR Wl ¥ EAE anzs
o]4-8%] migration (0]%) % proliferation(ZA)5¢ T #F SUASLAR ATY HIEL
&3t

© dAFE A X g A AR

177N 44% B0 £44RY GRRBTATA chd FHAANE S5t SVRRIA L

A EOAE (F% ImM)S A3 F AlX A& (viability) & 43
- o]5 A& % Cuminaldehyde ¥ alpha-Pinene2 50% vu|gte] AJ&EFo] YeEld. T3 80% o]

(23 2-2).
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150 -

Il EOOIN E2E #=4HEE(EE 1ImM)
] "Xz

100 4

504

Cell Viability (%)

|

3 2-2. AT BO #4448 AUT TEHESHEY viabliyHd ZARY AysEs |1
mM.

3 2= BO #4489 13}
- FARANS ARE vigoz FUAS YAHAT U4s vdwE RWIATARY 24
P ol5d] @ EO £44% (1 mM)s o B3 ARPEZAEY Fyge] YxH9
A=A =& PDGF (10 ng/ml)E AF&3

G ERAHEZ MEL F4 Yd A=

@ 80% olael AXAES EHE A7 AF EO £548e] W: 80% o3 ALPESS
w3 g 4714 EO ¢#4A4AE 5 Camphore PDGFE {53 F|FEZAH XY F4d IS
Ueh A gsrey, U A 34E (camphene, Terpinolene, beta-Pinene)2 X5 PDGFZ 2}
9 348 ASHe % vhehy. 53 Terpinolene R beta-Pinenee 7 AEAE e}
e Aoz ##&yE (¢ 2-3).

200 (+)Camphor 200 Camphene

150

Relative
Proliferation (%)

0
Control PDGF +Camphor Control PDGF + Camphene

200 Terpinolene 200 (-)-B-Pinene

Relative
Proliferation (%)

" 0
Control PDGF * Terpinolene Control PDGF +p-Pinene

a9 2-3. 80%el Y AxX
PDGF 2 2BAlE FABHFZHAE 2240 3 a3}

© 70% ©]4 - 80% VT MEAET AHAE 717 4= EO £54E 9 v-3: alpha-ThujoneS
A 2] % 77}A] (trans-Caryophyllene. gama-Terpine, Myrcene, Carvomenthenol, Caryophyliene
oxide, Sabinene, Piperitone) ®& 4l3 EO &F4E2 PDGFZ F=3% FAFHFIAETY F
Ao s A= Aole Uou AAEAL] FFE Uehd. o] AEE F monoterpiene o
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] Sabinene, Piperitone, gama-Terpine ¥ Myrcene= H|8 AE9] A8 oA AdE el
%l.09, Sesquiterpenefto]l & Caryophyllen oxide’} 713 £ AAFAE AHsE Aoz #
Y (09 24).

200

2
2

(-)-trans-Caryophyllene Myrcene

-]

Relative
Proliferation (%)

- 8

Control PDGF  +Myrcene

Contral  PDGF +Trans-Cary Central PDGF +y-terpinens

n
2

(-}-a-Thujone = 4-Carvomenthenol (-}-caryophyliene oxide

g

o ——

Relative
Proliferation (%)
g

= B

Control PDGF  *Carvom Contrel PDGF  *Caryo-0X

Sablinene Plperitone

o |
nnnnn ] POGE  + Sabinens Control POGE +Fiparitons

a3 2-4. T0%e| 4 -80%F v AEAEFE J17 4T B0 o4 E 9
PDGF2 &5 BRAG=AE F44 st a3

© 70% W7 AERES EFAE 717 A= EO «54 &4 ¥-8: monoterpiene¢] 5713 4t
= EO &4 E(Phellandrene, alpha-Terpinene, Thymol, Cuminaldelyde, alpha-pinene)-2
PDGFE A58 BEIAEY F4& EF JAANZAS. o€ dAERS JxE 571F 2F
HIS8 A%E vehd (29 2-5)

o3 AEZSAH R FHLAE A E FAFJEIA X dE§S4o] YoRME HEFTY
2 A FE 4+ EOS &4 AL alpha-Terpinend ZLo. g AJAME.

"
2

a-Phellandrene 200 a-Terpinene

g
3

Relative
Proliferation (%)
g g
g

Control PODGF +ao-phalland Central PDGF +a-Terpinene

Thyoml Cuminaldehyde 200 (+)-a-Pinene

=

=
2

=

Relative
Proliferation (%)

o - 0
Contro| POGF  *+ Thymal Control PDGF  #Cuminal | Control  pDGF  ta-Plnene

a3 2-5. 70°|9 Y AFHESE 7t A4S B0 £T4E £9
PDGF= 4T FRFEAZE 549 g =24

@ GBPED A X9 olFe UT HE

@ 80% o] MEMEF HHGE 712 44 EO 5489 AFo|zo] uidh ukg: 80% o4
9 MEAREFTE LFHF 4714 4= BEO £54E (1 mM)E F Camphor B Terpinoleneo]
PDGF (10 ng/m)Z f =8 FAFPFZARY oS thd oA N7lE BFS dehigley,
UE HEEL PDGFA o5 fdd F2d AY 9%8E Jehl A ¢k (28 2-6).



2001

()-Camphor Camphene

150 150

Relative migration (%)
3
3

0- o
Control Camphor PDGF +Camphor Control Camphe PDGF +Camphe

]
S
=]

2001

Terpinolene (~)-B-Pinene

-

n

=3
f

1501

100

g

50

Relative migration (%)

0- 0-
Control Terpinol PDGF +Terpinol Control g-Pinene PDGF +p-Pinene

2% 2-6. 80%0]Y AE dEs ZFRE 7z A= BO &84 E
£2 PDGF 2 H43 dRgEg2ZqE ol 2d Wt a7

© 70 o1 - 0% F ATAESEAE A 4F EO £5429 ATolFe) BT w8 1
¥ 2790433 PDGF (10 ng/ml)o] ¢j3] TAH= YAFLZHE 05L& 4 1 mM 7=
alpha-Thujone, trans-Caryophyllene, gamma-Terpine, 4-Carvomenthenol, Caryophyllene oxide
9 Sabine 9] Agd g YIS WA WS, ¥, monoterpeneF¢l Piperitone 2
Myrcene & PDGFo] 98] fREHe ARFHEZAE o|FS I A= ZAFS e
(LY 2-7).

= 100) (-)}-trans-Caryophyliene 200 y-Terpinene - Myrcene
£
S 10 150 180
R
gm 100 100 s o F
H
= &0 50
g ]
]
= ]
Control tans-Cary POGF strans-Cary  Control y-Terpine PDGF +4Terpine Control Myrcens PDGF +Myrcens
= 200
£ o0 (<}=a-Thujone L 4-Carvomenthenol {=)<Caryophyllene oxide
c
S w0 150 150
" 2
5
=y 100
£ o0
g
= 8 50
5
s
& 0
Control o-Tujone PDGF +g-Tu JM' Ceontrol Carvom PDGF +Carvom Control Cary-OX PDGF +Cary-OX
= 200
ﬁ Sabinene Piperitone
S
n
-]
2 100
E
@
zZn
=
]
® g 0
Contrel Sabinens POGF +Sabin Control Piperitons PDGF +Piperitons

o7 2-7. 700ld-g0n|RtY AEHESE M 4T BO £F4E
£ PDGFE &A% AP E2HE o5 s 23

® 70% W ATASE EHE A AF EO 542 AT e wke
alpha-Phellandrene, alpha-Terpinene, Thymol, Cuminaldelyde, alpha-pinene monoterpiene
79 5717 4% FO 24488 PDGEAZ 8 #E5E 2RBIAXY o 5o JTL
=7 g9re (ad 2-8).

© AE : o|Ald] ANTo]|% AF A}=XRE PDGFE A=23 HRAH A X o|Zd) A3
S YeEdl= A EOY #4482 Camphor, Terpinolene, Myrcene® 2] monoterpenes <l
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20 a-Phellandrene a-Terpinene

E

Relative migration (%)

e 3

0
Control a-Phelland POGF +c-Pheiland Contral a-Terpine PDGF #a-Terpine

Thymol Cuminaldehyde (+)-a-pinene

200

g

g

Relative migration (%)
g

o 8

Contral Thymol POGF +Thymal Controil Cuminal PDGF +Cuminal Control a-Pinene PDGF *a-Pinens

29 2-8. 70v|Rke] M EAESE MR 4T BO A4S 29 PDGFE
GAd dREgagE osd 3 a3

® F9%38 FEELL o8¢ in vive FHAIAHNY FAo g 4= EO &8 &9
a%
~ ol4e] APFIAHREY AEAES, T4 % °0FY d7FZ2HAE LB, AXAESTTF
GEFS A9 FA g3 B FYZAEZHES Z3HA 9A A2 monoterpeneFo] 4= EO &
F4E<2 Terpinoleneo] T 33 &Ao| IS 1| Aoz oS4
- o]¢), in vivo Je|d)A FHFEA Y 3§ Terpinoloened| in vitro A3-& Hr} F &35
#3713t FHAS FELD S o 8§33ty FAoNAY FIE T ZE S neointima (A4
vy ¥ di§ Terpinolene ¥ JEAE oI 28 2994 & 4 9lxeo], 50 ¥ 100
mg/kg BW/day?] Terpinolened =g T 43 2d FE9 EF JAAULIAHL HiA=
FH9%33 LA FE & AdAse AFE UEE (28 2-9).

Terpinolene (mg/kg B.W.)
0 50 100

X 100

X400 |

oy 2-9. B9z 2E2deo d@ A4y g4 g
Terpinolene® 3. Scale bar,=20 um; @&, x100, 2400

- ESL EHHEIATA AEEARS dstn, @REFIARTY FH4E gsHA A, A
¥o|Fd| 4L FX UL monoterpeneF-2l Sabinened FHAS ¥u FE F AAY
nPAdel Aol YAV thk S AEFe] #EH (28 2-10).

- o|F ZAIG= 4w EO A& monoterpenefd Terpinolenes FH A8 3HA AAHEH=
neointima®] HA4-& JAFE 75& Uels ALE Rol FYHE oA EFEX FTo
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3=

Sabinene

Untreated 100 mg/kg B.W.

P
gt -
":'.,,. » e

L".

II.'_:-; | 'v'.-'-;"_d‘
ey — 5,_,5,, g
a7 2-10. FEAE FERYEe] 3 AWy e ot
Sabinene 2] %38k Scale bar, 20 pms EHE, x400

(b ZELHAA FANE) g A5 EO 4489 A HE

- A7) = EO £4A4EE o83 EAYHBIA XS] proliferation # migration H F= 7
3418 TS W (neointima)d] g o] ALY AJEHETE Fol THAES A
F2 AEIHGE. Loz FUAs) oddx Fag AIEAA Z@A ndYe diF A=
EO ¢4Ee E3E ARV 939 ndg¢zdn A% a9 e 84 g2 +
& 32 o|ge] A= E E4E

O 8d@55/01¢5 Ui 4= EO Ax B4

- ARG dAYAMES HEo] UgEATR ARG, AP FE2A HE= ¥
A Ee HEo EgEEd IHSE RS 7IKE Rz 48A IS <4, A4 n¥
#e] B FEZFLEHA A A5 EO &R ERE FAESHZISEH UIEA 2 F
A selAe] AH4F @ 53] HEY (ArAFAA dEFH) 2JHAEE 0§31 EHS F
2 4 olgdT 4A3L FYFT E LAFE sy dEAHAL qE FEZ FEASAA
Endothelin-1 (ET-1), NE, Histamine (5-HT) ¥ 3%¥ % Cl& AlE doen, dEFHA U3 9
£ 438 HET|EAA AChS AME3lY Y F5/0)¢5d A 45 EO £44E9
EAE A&

¢b EF Qr A A (resting tension)o] g &

- 25 Eedd HEFEE Uy EX g 2R ERFES AR d§ 45 EOX
# adg #3F.

- e 2 EASte] e HE AFFYLE A5 BO Al 93 A g3He
AYE veldiow, B3] Ug EA3A WS g3EHe Aol #EdE (g 2-11).

- o] 2 HE 45 EO7F E3d EA Al €903 EE 9 ZAEA gFAA7e 2 EO
o] £F4EE T UL 718 E AAME

Endothelium-intactaorta Endothelium-Free aorta

EO
(ngimi) ﬂi 1 | X 51 ;

Control :
(Vehicle) | | |

3% 2-11. "3 Ee] rAA"ed e M5 BO A8 23 35 dHEA. +5 3

24

,6‘4,



@ g8 58 g 55

€D agonist ET-1 ¥F-$: -4 #Zwe] 9ojA ET-1 (0.001 - 0.1 uM)e]] &3] LAHE= @45
of 3t 4= EO9 ERE 4% ET-1& T JEHoE Uy RA == EA35He 8¢
F2& FUINZOY, o]E F22 A2 EO (10 ng/ml)9] A4 93 #aA dAHdE 3T

%_
= UEhd (79 2-12).

80 »
= y o EC(+) et
5 EC(+) 5 100 g
cx 60 / cx /
o= / £x 80 /
T E / S E 60 o
Ee 40 /-“ Ee / ——Vehicle
3% X —vehicle 35 40 i ~=EQ
=20 3 £ 20 / __ iz
0 o
0.001 0.01 01 0.001 0.01 0.1
Endothelin-1 (uM) Endothelin-1 (i)

4% 2-12. ET-1¢] &3 HE £5F4 0l 2= 4= B0 5%

EC{+), dIHZA: EC(-), W

o da
. 4
=

© Agonists, NE 2 5-HT ¥+4: )5 e] NE (0.001-10 uM) 2 5-HT (0.001-10 uM)e] ]
3 dAHe =4 J=o g 4= EO9 37t EA44. 5-HTY o3 FHEA ° A3}
o] F@/FFHe F7le 47 EOA Y o3 TAHUOH, NE9 9 F718 dadrF: ¢
EO9| &3 =4 dAHE AFE vetd (T8 2-13).

—+—Vehicle —+—Vehicle
-=-EO -a—-EO
] ECL()

- )

0.0010.01 01 1 10 0.001001 01 1 10

8

@ o
Q 5]

(% of 70 mM KCI)
Contraction
{% of 70 mM KCI)
o
Q

Contraction

ra
=]

[=]

SHT (ph) 5HT (uhl)
20
T ——Vehicle __F
E -=-EO
5= w
TE
Es 0
ER EC(-)
o ° 40
£
20

0001001 01 1 10
NE ()

ag 2-13. ET-14 3 #59 % uwa= 4= E02 &

A, BECl+), W= &A1 EC(— ) A= J A
@ ol AR EH AF EOE 83 450|A agoniste] 2§ $5L oo EA/2A) 9 &
Algle] 2% dASE 71%S 7R 5, o|E0g &£FAR AAFES A StE AR &4
7FeAd o] AAE.
€ 3 olgtsd W &

& AChd] s1& WelE4 ol¢ : HEAse] A5 2 UM NE 01 1ME 72
$%g 24 A4 F ACh (00011 1M) R o8 FERE WY Q24 o|@uge] W&
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A% EO A EAS EAF AEUME 1 ;M) AChe] 9@ o] @utgo] 1 ng/ml B 10
ng/ml EOA2lel 93] AAHE AL ved (2¥ 214). WEYINE 10 ng/ml EOAE
d o8 dAHE AP 0.

1

o PA = Aorta
120 - 120
&2 100| me® it =g1uu‘ =4 7
= —.\i S5
LW \ M el \
ES 604 _ vehicle EE, 60 ——Vehicle
S 404 -8-EO(0.1 ng/ml) . = 40- +E§j‘:’1-1n‘;?:1"|1"1 E
20 £0 g 20 wstm EO10 ngiml)
=é=EO (10 ng/ml) 9
0 ‘ ; . 0 . -
0 0001 0.01 01 1 0 0001 001 01 1
Acetylcholine (M) Acetylcholine (uM)

a9 2-14. HEH(PA) 2 EHY AChY T WA gEAH
ol ol & 4= EOY &+

© HEgEY vFd ojeks: NHEAY wlEHxFE NE (0.1 1M) ¥ 31% % KC (35 mM)
2 $£2& FEA7 F 4 FEY 4 EO (0.1-10 ng/m)E FAFHAAS 31 dojvie o] gyl
£2 EX%. EOE NE ¥ 3%k KCOAZ f:¥ $£32 FL o#:zoz olgagd (2¥

2-15).

EC(+) EC(+)
120 120
100 4 - R g 1oo 4 -—L.‘”"\\w——“"
g Ss B
c B8O = 80 4
tH 5t LN
g~ 60 £9 6o \I
se -
5“5 40 —+—Vehicle 8%® o —+—Vehicle
£ -=-EO T el =E0
0 L R Y
0 01 1 10 0 01 1 10

Concentration (ng/ml)} Concentration (ng/ml}

= 2-16 {244 HEed ool gt 4= EO 9] 2
A= B3 EC(+), HHEA.

© WAEHA AFd olgs: Uast AAE A59Y=x3E& NE (01 tM) 2 2%¥E KCl (35
mM)Z F£& 2 F, A3 EOE F549 (0.1-10 ng/ml)E AHAT dto] o|guizls AFF
A= EO= NE § 8% KO 248 £5& v5 dEF2= o|gAF (¥ 2-16).

EC( - EC(

e

H
I
o
(=]

5 L=
8 [=]

{% of 0.1 sM NE)
z B

Contraction
(% of 35 mM KCI)
3 &

Contraction

—+—Vehicle .
40 EO a0 —+—Vehicle
" -=-EO
20
]
0 01 1 10 0 0.1 1 10
Concentration (ng/ml} Concentration (ng/ml)

2% 2-16. WTEEA HEY ol diet 4% Eoe] 27
A= e] 27 BC(—), Ao A

® 47 ¥ A 47 0o o% AFH oge Wy A4 ¥ ¥A T 23 BT =4
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4 2 agonistd] T=9] o|gAd] L Fr, 4 EO= o5 133 FHE AR S XE
g 7FsdS AN

€4t EO & 2k EO9] E¢ ol vl

- GEA 2Ry 83 EOS 43 EOY H@odSsAEE viwdr| gt usEAe 3%
o] 35 mM KCl 2 01 uM NE& $%A12]1 ¥, 45 EO (10 ng/ml) ¥ 4o 2XE B3
¥ EO (4% EO; 10 ng/ml)E Fjdte] o]¢he] A=7) wlmg.

-1 A9, 4% EOE &% EOd Hlg ZF7kd o¢ 98 Jehie Aoz #AFAY (19
2-17)

>
m

i
cantraction

axation (%)
i
2

| i
-nduced contraction

100

Ralative relaxation (%)
d

Relative rel

In 35 mM KCi

In 8.1 uM NE-induce:

TS ) e
23 2-17. WA EA A dlEH ol ge] it A= EO 2 4
% B0 A5 as. (A) 35 mM KCIS F59 o949 219
H & (B) 0.1uM NE =l thst o] gho]l gloj <] vlm

g

@ HTY §£5/0o|g%s HE 45 EO 5489 a9 &4

@ AHgEd 2 ZEA olgded AT AFHYN EF

- B &4y olgs YA = WaEAY ¥HFH=4E NE (01 M) 2 2= KA (35
mM)E F5HE I F, F =29 43 EO £44E (011000 uM)E JHFAF 3o o]
4v-8-E st en, YIESHEA oldF E4dAe Yo7t AAE HF5H=3E& NE (0.1
M) 2 1¥x KC (35 mM)E F&5fd &, 45 EO £74EE v=4 (0.1-1000 \M)ZE 3
HAF 3o o|gustEs @A

@ gamma-Terpinene 3 alpha-Terpinene

- Y)3 &7 8}: gamma-Terpinene 3 alpha-Terpinene2 X E A& Xxo|A 35 mM KCl¢] 45
od 43 A9 W¥FES FA W%E. 01 uM NE9| 5 EF o]F FAL s A IS
WA 94gko1} 1 mM gamma-Terpinenes]| o]3] ¢fzte] o|gba sz} Ve (29 2-188%).

- Y5 A3 1 mMe] gamma-Terpinene @ alpha-Terpinene2 35 mM KCl5&& <F31A|
SgAFO, 2 9] FEAME EE tehtx @8 01 NES-So)= FHRe| A £
& YA 28 (3F 218%3),



EC(+) EC(-)

120 4 120 -
5 100 rﬁ_cm‘-q 1004 = —_:—Q:E
c=x L
s B804 80 by
E = 60+ 60 %
£8 —+—Vehicle —+—Vehicle
3% 40 —s—y-terpinene 40+ —s—y-terpinene
£ 204 a-terpinen 204 a-terpinen
0 0
0 01 i 10 100 1000 0 041 1 10 100 1000
Concentration (M) Concentration (uM)
160 20
o140 100 - —
§3 120 s = S~ I3
2= - o
82400 | meel=p == 80
£8 80 60
8; 60 —+—Vehicle 40 "‘Vehi'ﬂ'e
= 40 —m-y-terpinene 5 -—I—v—l:erpl.nene
23 a-terpinen . a-terpinen
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (uM) Concentration (uM)

23 2-18. gamma—Terpine 2 alpha—Terpinene?) WH &
A Efgoldgat B4 EC(+), WY EH: EC(—). H¥FEH

© Caryophyllene oxide @ Myrcene

- W EA 38} : Myrcene2 36 mM KClef 5o tfs] A9 ¥-&& YehlA fstert, 100 v
M @ 1000 yM¢] 5% ¢] Caryophyllene oxide= 35 mM KCle] 28 34 o|@A = AH
< veRY. 01 1M NE$%2 Caryophyllene oxide ¥ Myrcened] 25| A HgS x] g+
Aos HIY (19 21942),

- WE R E: 35 mM KO$F2e Myrcened] RE FEo| o8] 93S WX ggon,
Caryophyllene oxideo] ¢l8) ¥% oZHoz olghgi o] #AH. 01 M NESZL
Caryophyllene oxide 2 Myrcene®] Aol &ls] HggS A &L (28 2-199-F).

EC(#) EC(1)
120 120
ﬁmg o _ 100] me—g 8 ——T
55 80 80
BE a0 60
£8 —+—Vehicle —es—Vehicle
8% 4p{ —®-CaryOX 40{ -=-CaryOX
= Myre Myre
20 20
0 0+ T T T T T 1
o 0t 1 10 100 1000 o 01 1 10 100 1000
Concentration (i) Concentration (uM)
160 7 140
o 140 120 —
= = 1201 . ey
S ~ 100 g
£2100] = —=J
& = 80
£2 801
8% & —e—Vehicle 60 —+—Vehicle
£ ] -=-canox 40 +I‘CAETYOK
rc
e Myrc 20 y!
0 T T T T T v 0+ T — T T ]
o 0d 1 10 100 1000 0 01 1 10 100 1000
Concentration (M) Concentration (M)

=¥ 2-16. Caryphyllene oxide (Cary—0X) 2 Myrcene(Myre) 2 W
ey 2 Efgoldg@Es  EC(+), A EC(—). =2

© Cuminaldehyde ¥ Terpinolene

- Y3 &EA| ek Cuminaldehyde ¥ Terpinolene2 EE FxoA 35 mM KCle] «=Zof tfjs]
A G3FE FA &S, 01 uM NE4= FE3F Cuminaldehyde © Terpinolenei 2o ]3]
A5E YgiA 28 (29 220 H3).

- YA 3}: Cuminaldehyde © Terpinolene2 A2 2E FEdA 01 yM NE 5 % 35

_68_



mM KCl =9 dis]] A 43S FA ¢ A= @33 (28 220 +-5).

EC(+) EC(-)
120 5 120 +
=100 { e '/l\' 100 rx_azn:'_‘__w_ﬂ
5 M ‘- i
£3 80 == .
E.E 60 4 —+Vehicle | R —+—Vehicel
Ehd =@=-Cumin —=—Cumin
o ; 40 4 Terpinolen 40 Terpinolen
T 20 20 4
0 T T T T T 1 0 T T T T T 3
8 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (M) Concentration (uh)
140 120 - =
S T ) £
120 /—“"J | gy g
- E‘ I . 100 4 =
S5100 { mlo m—n_] -
k] = ! T
£z 0 60 4 —+—Vehicel
Eg 50 —s—Vehicel —#-Cumin
£ =@=Cumin 40 Terpinolen
- Terpinolen 20
0 0 T T T T T 1
0 01 1 10 100 1000 0 01 3 10 100 1000
Concentration (i) Concentration (M}

2% 2-20. Cuminaldehyde (Cumin) % Terpinolen® o &
A2 EYY o]gad B4 EC(+), WHEA: EC(— ). 2 A)

@ alpha-Pinene ¥ beta-Pinene

- W3 &3} 35 mM KCl42& alpha-Pinene 2 beta-Pinene, o] 23] T& FH0] dAH.
0.1 uM NE4=%£ alpha-Pinene W beta-Pinenes] = #]o] 2]s] F&S x| ok (¢ 2-21
22,

- Yo BAsk 35 mM KCl 249 3] beta-Pinene 2 ¢} 2|5t alpha-Pinenel FE 2]&3
o2 o7te] olEEAE YEMRS. ¥¥, alpha-Pinene ¥ beta-Pinene2 A EE FEoA
0.1 M NE &9 i3] o6& FL £ TAANFHS (29 2214-5).

EC(+) EC(9)

120 /Vl—n\,‘_,‘ 120 4
=100 { =< T 100 Bt
2 B S O I
55 @ 80 4 \.\._!\F!
BE :
£ n 60 —s+—Vehicle 60 Vei-gu:le
85 —=—a-pinen e pinen
o° 40 2 40 4 B-pinen
= B-pinen
20 20 4
0 0
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (uM} Concentration (uhl)
140 120
E‘ 2 / 100 4 n'———*—;—..;_;_j
SZ 100 | e gy
S3 80 <
22 a0
E% 60 —4—Vehicle 60 —+—=Vehicle
Q. P —#-a-pinen 404 —@—qg-pinen
w p-pinen -pinen
20 20 4 i
0 - — - ] — — r "
0 01 1 10 100 1000 o 01 1 10 100 1000
Concentration (uM) Concentration (M}

2 2-21. alpha—DPinene ¥ beta—Tinene & Wy &4 =
S84 o]lg A BC(+), WS EC(—). W= &)

@ alpha-Thujone ¥ 4-Carvomenthenol
- W3 &4 5} alpha-Thujone 2 4-Carvomenthenold 2E FZolA 35 mM KCld 93 &=
9 01 1M NESZo| o3) A8 J8& 74 Sge (19 2232).

- UYHRz e 35mM KCl4&o| ] alpha-Thujoned A2 gL FA gsgteny,
4-Carvomenthenol€ 1 mMEZA o]gdutes =wAx]zl. 01 uM NE¢] <3
alpha-Thujone ¥ 4-Carvomenthenol 2] 1 mME S|4 <f7te] o|¢gt AFAE JYehje A=
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A28 (29 2-29-=).

EC(+) EC(-)
120 - 120 |
T
=100 4 "<::___‘~ﬂ—#/1.\! 100 'x::;—-N
== —T
5w 80 4 1 80
BE ;
.Eg 50 —+—Vehicle 60 4 —+—Vehicle
35 40 —=—Thujon 40 —=— Thujon
= Carvom Carvom
20 4 20 4
'] T T T T T 10 T T T T T J
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (uM) Concentration (pM)
140 120 -
120 y —i—] 100 { p—a—a—lfag ~
- "
D100 | =t * 1 N
- 9
E = —+—Vehicle 60 —+—Vehicle
£ s 60 ~=- Thujon —m-Thujon
8 ; 40 Carvom A0 Carvom
20 20 4
0 T T T T T v 0 T r T T T 1
0 01 1 10 100 1000 0 01 1 10 100 1000

Concentration (uM)

Concentration {uM)

2% 2-22. alpha—Thujone (Thujone) 2 4-Carvomenthenol
(Carvem) 9 Wiy &4 & 54 o|FEHEA EC(+), H=HE

AR BC(—). ] &40

) Sabinene ¥ Piperitone

- U5]&8}: Sabinened EE FEXolA 35 mM KC FFo AY JFE FA &%,
Piperitone2 1 & 10 iME x4 2F7te] FFF7IE LAAIZIH 1 mM FXoA ZET o]
SE839E vehd. 01 uM NESF%2 Sabinened] €8] 1 ¥ 10 iMF=o)A o7t oS EaH}S
Jeligled, 1 mM FxdA 718 £35S G A . 33 Piperitone 1 mMEXo|A o}
4 & o|gARE YEH (LY 22353

- Y3748} 35 mM KCl4-=¢] 4] Sabinene2 E3E el A ¢kgko.¥, 1 mM Piperitonegt
o] o]gEAE YePSE. 01 uM NEo] &3 52 Sabineneo]| ¢]s %7te] o] gk o]
&= er}, 1 mM Piperitoneg = M oA & o|¢iERE Ve (O 2-239-F).

EC(+) EC(-)
120 4 120 4
100 = vl 100] B g g n 7
o ‘i‘":—;. ca
[ \,i 80
o= 804 1 )
g E 504 —a—\ahicle 50 4 —'_VEh!fr'E T
EC —=—Sabinen i - S_abln.en
o : 40 Piperiton 40 4 Piperitone
T 201 20
0 T T T T T . r T T T T d
0 01 1 10 100 1000 0 01 1 1_0 100 1000
Concentration {uM) Concentration (M)
140 1 120
2] /‘P’J 100 | me—t—%
o
el <y )
5 Emu E '\._.,__i/ 30
g"- 8.4 w80 —+—Vehicle I
E% 0 ——Vehitle —=—Sabinen
o = 40 4 —&—Sabinen 40 Piperitone
S Piperitone 20
0 0

2% 2—23. Sabinene ¥

0 01 1 10 100 1000
Concentration {pM)

Piperitone ] W &4 2

0 01 1 10 100 1000
Concentration (uM}

53

A ol A FEH. BEC(+), WIS EC(-). W &4

@ alpha-Phellandrene ¥ trans-Caryophyllene

A T T

- Y 1EA)3) 36 mM KCl 59| d]§] trans-Caryophyllene & 0.1- 10 nMejl A ¢Fz7le] 33
718 dAAFEen, 1 mM X4 Fe o) EAE el alpha-Phellandrene2 35 mM
KCl 10-1000 (MEEAM Bx 2E&FHo =z o|gAz]., 01 M NE+Z=L 1 mM

2 O
TSa=
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alpha-Phellandrenee] )8} 52711} FEbko, trans-Caryophylleneo] lsAE Ao 9
& uA Qe (1W 22482)

- Yy 84 3}: alpha-Phellandrene 3 trans-Caryophyllened 35 mM KCl4-%< Fx oJEFHo
2 o]$tA)H&. 01 M NEo| ¢|3t 432 alpha-Phellandrened] ]3] A< o5& wkx] gt
©1}, trans-Caryophylienes] SJsjME TEEFe o|gurgo] FAP(TY 22493).

EC(+) EC(-)
120 e 120 -
100 | mw—eg 5 7 1004 ® /‘ﬁ;—L—FJ
o i = B
Sz ® \‘\I = 80 "
E E 60 \\{ 60
8 ~+—Vehicle —+—Vehicle
3% 40 —=—Phellandrene 40 { -—=—Phellandrene
E 5 Cary 20 Cary

v v v v — 0 T T — r ]
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (aM) 140 - Concentration (uM)

180 B 120 4
@ 160 | / }_4.7;,4!:"_,
230 ] _V;,-l—//" 001 =

=

'% g-l- 120 80 4 = =
£s 133 [ 60 4
§% 2] ——vehicle —=Yehicle
£ zg 1 -=Phellandrene 4 1 +2:e"mdrene
20 Cary 20 4 2
0 0 T T T T T 1
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (ulM) Concentration (ul)

2= 2-24. alpha—Phellandrene  (phellanderene) %
trans—Caryophvllene (Cary)s] W= &4 2 4 o|g
FHEA EC(+), WA ECC—). = 5 A

© Camphor ¥ Camphene

- YuEA s} Camphor ¥ Camphened ZE FE9A 35 mM KClo| 93 =0 3] A
HEE FA &3k Camphor 2 Camphened 3 EE FxdA 01 M NEFZFd| &7 &
YehlA g9e (29 22533)

- H2A3E: 35 mM KCl4#EL Camphor @ Camphened Fx JEA OS2 71H-E o|gdE
gy A RO, 01 M NEgE2 Camphor ¥ Camphene 2]8] oj® Jgx ux] ggts (L9
2-259-%).

EC(+) EC(-)
120 140
120
=100 B - n
5 £ 80 w 1 'ﬂ
g3 80 o
Ew 60
535, ] —Venice i
= +gampnur 40 —=—Camphor
20 amphene 20 Camphene
0 —— — 0 — T —T
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration (uM) Concentration (M)
140 120 4
-
2120 1 100 4 r__=;______;=_‘___,1_4
=100 4 ® P s ]
S35 T 60 4
Eo o0 50 4
=
E‘E 60 ——Vehicle 40 4 —+—Vehicle
# 401 —=Camphor —=—Camphor
20 Camphene 20 4 Camphene
0 T T — — O
0 01 1 10 100 1000 0 01 1 10 100 1000
Concentration {pM} Concentration (uM}

28 2-25. Camphor ¥ Camphene ) Wz 2j&4 2 2
A olgE AL EC(+), HHEA: EC(—). A=A

ool d3g uEEhd, 294 (KC) ¥ agonist (NE)9 &3t 5 =54 monoterpene®



Q1 Piperitone2 7} 7ZE 3 o|FEFHES -F’rﬂg"?'f}-‘a Aoz Urg o, alpha-Phellandreneg
ZAA FHRAA YHEY E S8 ojgE fEds AR AIRH.

@ AChol| 23 Y3 o]EA o|e]] thet &7

- 47 oA # SEAY T 2AE 53 Piperitone ¥ alpha-Phellandrene®] o 3 %
¢l o]AAE Yegie Ed2 783 v, G208 Achd 9§ Yujo&Ao)gtd] Tt o] =
5 4k EO A& tig 53 ¢ o ¥ 714 EO 4&9 &34 FEF.

@D 3 A AE (resting tension)o]] )3t Piperitone ¥ alpha-Phellandrenes] # 3}

- 4, A7 AFERE uvgeE Y EZH EE 1A A HZREEH E2E H5H ¢
A#AHo| )3 monoterpenen®¢l EO & #9] Piperitone ¥ alpha-Phellandrene?] &3S
&3

- Piperitoned W EA] 2 RAS}H T AAFES T EHLE o|gAF. FH,
alpha-Phellandrene2 W3 & 8le] #HF 99 A E-Z oFslA oA FH o, WIATA 3]
3 AAFHANE A9 ¢S FA Fd= (L7 2-26).

- o2& Piperi’coneJ*l AU IRA & E4 #E glo] HF Y A AHE A2 AE 4
@ EO8] ¢£F4E4 /Ie4ds UEF

Endothelium-intact PA Endothelium-Free PA
Piperitone 01 1 10 100 1000 01 1 10 100 1000
L AR L S LN T SO S S
WM W"‘ﬁu’w
Phellan
(=) ' O O "
Control
(Vehicle) bbb Vol

% 2-26, HEH Y AZHA 7 alpha—Phellandrene % Piperitone
o] &, PA, HES

© AChd] &g i 2]&A] o]¢he] U3l Piperitone @ alpha-Phellandrene®] &3}

-1 mM alpha-Phellandrene % Piperitone2 * & ¥ Ache]| &3] wAyst= 01 tM NEFZ9]
3 9&4 0|2 ZHESF B, 1 mM alpha-Phellandrene =] ¥#H-& vl A& R Hlsl =
s UehiA ge (29 273E),

- Y14 1 mM PiperitoneS A3 @L ACho]| &3 FA3= YHe&EAolgkS HAE
gaol Ws o 2 JAERE e (2Y 22793),

120 -

N

N
[ =]

-
[=1
(=]
=1
=1

@
[=]

@
b=}

Contraction
(% of 0.1 pM NE)
co
(==}

(% of 0.1 pM NE)

Contraction

40 1 _o—vehicle I 40 4 —0—V_ehic.|e \\.
20 {4 =®=Phelland 20 4 —=—Piperitone
. ————— 0 —
0.001 001 0.1 1 0.001 0.01 01 1
Acetylcholine (uM) Acetylcholine (uM)

oy 2-27, #AEH Achd] o) FEHE WH=4 ol It
alpha—Phellandrene (&) 2 Piperitone ()2 &3},
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® AChe] 98 Y@y olge] tg 2 9 Y3 BO £44%89) 53
-1 mM FX9 Caryophyllene oxide, 4-Carvomenthenol, trans- Caryophyllene, Camphene,
Camphor, alpha-Thujone, Cuminaldehyde, beta-Pinene ¥ Terpinoloens 2 NES%9] Achd
o3 sk WHdEH oL IA NIAY Ex= ERE YA %= A= #2d

(¥ 2-28).
160 120 120 120
120 100 100 100
E‘ 120 1 5
s 3 100 1 80 80 a0
= 80 \ 60 ] 50 \‘I 50
-0
gz ® e R 40{ —e—Vehicle 40 ——Vehicle 401 —s—Vehicle
= 40 1 —=-C
= ogd TEcany-oxy \I 20 —E=Carven 20 = 20{ —@-Camphene
3 - . - 0 : . : . + : : R
0.001 0.01 01 1 0001 001 01 1 0001 001 071 1 0001 001 01 1
Acetylcholine (ul) Acetylcholine (M) Acetylcholine (uM) Acetylcholine (ul)
120 7 120 120 1 20
o 100 1 \. 100 100 A 100
.E%_ 80 1 80 .i\t, 80 1 .N“‘l 80
©
i E E 60
= s —e—Vehicle Ny & ; % &0 —+—Vehicle \I —e—Vehicle
5; 40 - Cumin 40 —o—VeI-EchE 40 —=—Terpinolen 40 =&-Camphor
= 5 20 —a—B-pinen 20 4 20
o T r T 1 0 T T T 1 0 T T T 0= T T T 1
0.001 001 01 1 0.001 001 01 1 0001 001 01 1 0.001 0.01 041 1
Acetylcholine (uM) Acetylcholine {uM) Acetylcholine (ulM) Acetylcholine (ul)
a7 2-28. HE:EY AChd o) FREHS HAG &4 olghell diF HrH B0 £+ AR
A
& 2 =79 gt Piperitone ¥ alpha-Phellandrene®| &3}

2oz HEH glojA ET-1 (0.001-0.1 pM)ol| o5 S ==

=] gk monoterpenen

9 2k EO 4=5Al& Piperitone ¥ alpha-Phellandrene?] &35 AEF{. ET-12 = o9&
o2 3 RA &= EA5te AE £ FVMAFELY, ol E# £FE& 45 EO
&4 4% 1 mM3%Ex2] Piperitone ¥ alpha-Phellandrene] &) o ]3| @;Xi]-c-—]t- %S e
! (_—J'.% 2-29).
90 1 —o—Vehicl Ly
= 80 +P?ple:=r|$one = 70 1 +g|e;‘e|$llteone
:g 70 Phellandreng, ‘:g 60 F'heilandrene
S 60 ° I3 ;
'§§ 0] ECH '§§ 43 EC() I’/
ER 40 ES 3 /
Se 30 8‘5 20 _,'
= 20 '/// = = 4
10 / L 10 1 - X X
0 0 ;
0.001 0.01 01 0.001 0.01 0.1
Endothelin-1 (ui) Endothelin-1 (M)
a3 2-20. ET-14 93 #HF9 +29 = 3= alpha—Phellandrene

2 Piperitone 2 &3 EC(+), A EA: EC(—) A2

& Piperitoned] 2]g Aol gto] F|AAF

) L-NAME and indomethacin®] & 3}

- Piperitoned] 2|3 WHEA] ¥ olgd T JAE
L-NAME 2 COX inhibitor®] A8 &zE @2

- &9 o)A piperitoned] 2|% H@o|¢ A& L-NAME B
3 foFHez o4 HA g AYFSE 1Y (1Y 2-30)

SolB.7] 98l NOS inhibitor

indomethacin H o] 2
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- ©8, HEH o SlojA & piperitoned] &]§F ¥l A77 L-NAME AHed] &sfjx= FF
o] g1y, indomethacin A& 2]l sjA= t}4 piperitoneo| $H IE b4 JAS= FE

& UE (29 2-30).
- 28 B2, piperitoned] 2§ Fiko|ghe YA AE NOS ¥ COXiHg s #d=R goul,

HEFY = COXe B E 7HeAd S veRd.

Aorta Pumonary A.
120 120
2 = " r
100 { =1 - 100 4 M-
T e T
w
c g0 T c= 80 " =
T3 8%
E 60 Eg
% == Control 55
a ; 40 - ki o £ 40 4| =+=Control
= el +L- N AMIE (100 p|
[0 ‘ =L -NAME (100 pM)
- I i i 20
20 +Indomethacing {10 phd) +indomethacine (10 uM)
/] 2 - ; o + - :
0.1 1 10 100 1000 0.1 1 10 100 1000
Piperitone (M) Piperitone {uM)

a7 2-30. Piperitone] &%+ @ (aorta 2 pulmenary artery)e|gh &
o] gt L-NAME 2 indomethacin® = 3}

© SNP ¢] 53
- 24 f 2A3 e HE Y 21eiA SNP (sodium nitropruside, NO donor )= NE9]| ¢

A 459 W59 £2& ¥E JFEFHoE AANYLH, o WS piperitone HF L ¥
A2 Aolo] Wb RfolE VA e (719 2-31).
- 28EE, & AsE piperitone Y FET AT NOo| tg HrAolE JBE 54

FEE AL

==$=Contro

==piperitone (1mM)

Contraction
(% of 0.1uM NE)

001 01 1 10 100
SNP (nM)

23 2-31. SNP 9% pulmonary arteryel ol %t piperitones] &3

YR FBVZH XS Ca®* channelol] 3 &3}
- @arF/olge ) F piperitoned] A AT 71H-E Lolr7| #8te] patch clampE o]-&
3le] Ca? channele] os} piperitone2] <438 #-Z¢.

- Piperitone X 9]&# 02 Ca” channel® openg YAt AL Jebd (29 2-33).

- 2# B2, piperitones] €3 VRP5HH] A& Ca¥ channeld] A} BE B 715409
A A2 ALEE.
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|=—— Control
300+ 0.1mM

1mM
2004 )

1001 /

-100
-200 4 [
-300 T + T T

O™ 2-32, 48 HE2HAEY Zgel2 2o A3 Piperitone
(24 2 AHAR) A4 27

@ Ego] g 4= EO @ Piperitone?] in vivo&i &4

- A7) 8R4 5/0|959 AFAE vFeZ 45 EO W monoterpene® ¢l Abs EO &7

¥ Piperitone®} alpha-Phellandrenedo] @Eqto] tis] ofH FE&FS v|R=x] Lolrr] 43 1

BPRAdFEL ¢]83te 4b=; EO ¥ Piperitoned 1Y ZdFEE ¢2% SHRe| o F

a8 BAY.

- 39 232A AMAFE, ERELFTE 4= EO (100 2 300 mg/kg BW/day)= F%

g}, 300 mg/kg 59 AL 4S ALAIIE AFE TE T F UL I3 SHIANH
i S1E) 8YA captopril (300 mg/kg BW/day)e d<te] 98-S wAA] &L

- T3 2= EO2] ¢4~4 591 Piperitone ¥ alpha-PhellandreneS- 100 mg/kg BW/day$] &

T2 Xo § H}, Piperitone FoY EFHo=z FHitold AHFAE UJEUAS,

alpha-Phyllandrene-2 PiperitoneR2.t} ¢F§ #<to|$t &35 ehd (29 2-33B).

- o] 49 3= monoterpenei Q] EO 444 E Piperitoneo] LS As Ad $ U= 48

& EAZANG e S AAE

P

Captopril EO g EO a2
O Vehicle
20 - ;Eg EO (100 mg/Kg) 240
= 180 W EO (300 mg/ke) 220 I .
:E S 160 200 =
I =
£ E £ a0
o £ 120 £
g g 1o g 160 sV ehicle
o o
© 80 o 140 =@=Phellandrene (100 mg/ke)
- ” Piperitone (100 mg/kg)
40 120
i i 20 100
Yehicle. Captopr! Before Treatment 0o 2 4 6 8 10
(300 mg/kg) Gy
82 | T Captopril (A), A BO (B) 2 A4 BO £54% (0)9 3. Before, 2
=
Fo%

() 48R4 (59748 2 1EDBA WgE ﬂm EO ¢54%9 ASAE

- AN AEES HE 4% 2 A% 59743 2 Ja—«l AERdes pdE Fa
NBER GHA YL 23 HEde f4TELY Aa% 4 9. oldl, A MTEL o &
ste] o]5 AESY AEBAY, 53 FHAS 2 1YY BAHSfactore] F EO 25 E
o B5e AEF
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O BFFEIA TN A FRGE] g 45 EO &FA4EY] &%

T AsAE 3] AYE FAYH M ET-E(apoptosis, ROS @A § M= EOT-FA
2o 5395 #F%

@b ROSAY ol ¥ &}

- 29 wigd dAFHB M LA ROS A=A]2] Ketoconzaole (30 1M) ¥ Angiotensin II
(100 nM)d] =& F HFE=Ie HO, AT i monoterpenesd EO &4AE
(Terpinolene [1 mM] ¥ beta-Pinene [1 mM])e] &7} EAH.

- DCF-DAY M H-E o] &5 ROS HA H-Ao) A, Terpinolene ¥ beta-Pinened 2§ &3
BZAZEE F AZA o8 FEHE ROS 2L JAZ = AFS Uehd (2E 234).

Control Ketonazole Angiotensinll

B-Pinene Terpinolene

a8 2-34, THELZTAEAA Y ROS ] AT A= BO 54 E
(Terpinolen ¥ beta—pinene)2] &3}, =4 DCF-DAYAEEAH X,

&b Apoptosis A Add] g &}

- B wgE @Y AFE Apoptosis A3 ¢l Ketoconazole (30 1M) 2 Angiotensin 1T
(100 nM)E A2l sk A== H X2 apoptosisY Tl thd monoterpenedF 4+= EO £F+4
£ (Terpinolene [1 mM] ¥ beta-Pinene [1 mM])8] &3S #3F3

- TUNNEL assay®y-& o]8-3l9 43t Hl, Terpinolene-& F AFA ¢ g3 HAHE
apoptosis® E5F YA AT, beta-Pinened F A}FA|¢] 23§} apoptosisE JA A7 A] &e
Aoz FFE (L9 2-35).

B-Pinene Terpinolene

% 2-35, EEBETM EA 49 apoptosisd] g 4 BO o744 E
(Terpinolen 2 beta—pinene)®] 3, = A TUNNEL 944824 %
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- o5 AHREHREH Terpinolened FFWHIZH EANAMY AZALEBAHEN A3 2 ¥
P ##HH apoptosis © ROS A4 ths] A &ESS el 754 1A T, beta-Pinene
£ ROS #A " 5% 43T Aoz AAE.

ATAEA A #E ¥Hgo] g EO £54EY &%
@ ROSTA o Hg &5
- Ketoconazole(30 uM) 2 Angiotensin II (100 nM)e]] =28 4AAHE A HFE=H+= ROS
Aol die EO £44%e] AAE B3
- DCFDAgAHME o4t BAY % RAFAd 98] 458 APAZIN HOAS
Terpinolene & beta-Pineneo] A @ o] 93] o4 okslsd= AFS BY (2E 2-36).

Ketonazole Angiotensinli

Control

p-Pinene Terpinolene

a9 2-36. ATHEAML RO 4 hE A= B0 oTAR
(Terpinclen 2 beta—pinene) ] &, F44: DCF DAGARLSH Z

@ Apoptosisel] 3 &%

- AZA| ¥ Ketoconazole(30 M) % Angiotensin II (100 nM) =z F, LHE A E9
apoptosisgd =& TUNNEL assay§ & ©|83la] £ F Ao 23] TAE AT EoA
9] TUNNEL%AIHFE-& Terpinolene (1 mM) o] oj&jxgt JA| AL Hol}, beta-Pinen (1
mM)&] Xzl o8] AY FFS oA e AR FFH (27 2-37)

Control Ketonazole Angiotensinll

B-Pinene Terpinolene

2% 2-37. A A FE N9 apoptosisel] thgh 4= BO =44

(Terpinclen
2 heta—pinene)d E 7. AL TUNNEL G4 B2 41 =

At
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@& ol¥ #Ai= Terpinolened- AZA| ¥ 9] apoptosis W ROS @A 9] A FFZ vA|
1} beta-Pinene2 AAH XX 9] apoptosis ® ROS WA F¥E FA &L 71542 A4
.

@ 4AEAZE (FUAs 4 2EY) = #AE 9IS dA F &5

@ n¥ESY ® A ZE AEEA AN gEE AR AEHA: 4@ dv@E 4
apoptosis ¢ @¥d T g a3

O EHAFFZATANA #E 94 48 i EO 5498 9%

- Ketoconazole (30 uM) ¥ Ang II (100 nM)dl] =2 H FAFFZA XA Pn3, D1, &
Baxe] W& #F ¥ U}, Ketoconazoled DJ-IEHE ot F7HAITIE AES veiew,
Pr3dl= %S FA @RI, Baxs] EEE #AEAF. 2y olF d@¥lde] IHS
monoterpenef Terminolen (1 mM) 3 beta-Pinen (1 mM)¢| 28]&] Z4AH+= %S JElE O
g 2-38).

- ¥, Angiotensin Il £ ©|E 3 @A WHE FLAde HLE YENen, o T4
2 WMAE T monoterpines] 93] SIEHE AP B (2F 239).

Il . B —— ]

DJ1|™ o oo = = ~— o

Con Ter B-PiCon Ter B-Pi Con Ter B-Pi
Ketoconazole Angiotensin ll
a8 7-338, dEAE AddrEdayd AE93d8(ndd 2 2948

Py 2] ddd g A= B0 £+84E29 83 Con controls
Ter, Terpinclene, b—Pi, beta—Pinene. Prxzd, peroxiredoxin 3

O HAZAFAA FdaGgd SH & 45 EO &, R 9%
- Ketoconazole (30 1M)o] =& ¥ ATHEE Prx3 2 DJ-19 94dHL F7HA7]= 82 1}
EHA g, Bax®] @EL uvd #AAAFE AFFS B, o] ¥HL monoterpeneFF <l
Terminolen (I mM) R beta-Pinen(l mM)ell X 2]4] 2jsf HiHe AFS Jed.
- Angiotensin II & Prx3%#o] dF& Fx ggtorn], D19 Td L F7HA7)3, Baxe ¥
& A&7 ALeE BFEH. olF 3 @AY 4RSS Terpinolenes] X o] 93] ZiH
E Ao #IY (2Y 2-39).

Pry3 | DS —— D ~— — D

DJ-1 | e - - -

Bax |« -— pr——

GAPDH | e e e cx cx sssnainy

Con Ter B-Pi Con Ter B-Pi Con Ter
Ketoconazole  Angiotensin Il
a9 2-39. AZAEAMY AgdaEday Ad9dd(ndy 2 E
AFH AR Ay £EHd g «+4E 2 &EH. Con, controls
Ter, Terpinolene, b—Pi, beta—Pinene Prx3d. peroxiredoxin 3
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© AFA XA BE w3 WE EO «F4ES &%

- A3} A} (profibrotic gene)dHL HVAAF(FNH3 ¥ THWHAL] B HuHT
A, ofol AZAEAAE AQLFBRIALS] HdH e EO #4448 EHNE Real-time
PCRy o2 #33
- Angiotensin II (100 nM)Z FEH JFA XA HAHR3¢A Collagen type 1 2L
Fibronetin 12 monterpenef ¢l terpinolene (1 mM)e] 23] F43= FFS vehfler,
PAIF1 3 TGF-B¢ 4@ 9F0] flv 22 e (LF 240).

- o]l 4I-EZYE, Terpinolened AM-F319141e] FdEE FAAF|ed YA E5S 71

o= Az .

N
[=]

= 20 .0 -
2 =
E T 15 E T 15
-— = =
o 5 =i
22 10 £ < 1.0
.B'; S35
c= h < © 0.5+
a5 5 ow -
Be B
= o 4 w 0.0 4
© Con Terp Con Terp
Ang 11 (1 pM) Ang Il (1 pM)
15 - 5
—_ <z
<@ = 4
Z 2 10 x2
X s EZ 3
Eg =9
=3 FD 2
=35 51 &
[ (SO
0 Con Terp o - Con Terp
Ang 11 (1 pM) Ang 11 (1 ph)
3% 2-40, A EAAY] Y3 ]' (Collagen type 1,

Fibronectin 1, PAI-1, TGF-3) w#d] di#44-4 E0Alg
zZ3 5t Real—time PCR Z 3}, Ang Angiotens[n 11

@ HzFdA #d dd G A EO 4% J—}

- HZ2AL AEAADAE, 53], 84T #HE & U5 od HA=FL ] 4RI
A vk factord] g monoterpenefd EO 4489 4 J’ w2

- Phellandrene2 ICAM-1, COX2, NF-kb%-¢] 5 #¥ factor ¥ apoptosis B Baxe] WEHW
sl A FEFE FA S (2 241).

- Piperitone2 COX2 ¥ Bax, NF-kbe] W& A & A &tor), ICAM-19] ud &
M7= AFE vEd (298 241).

- o]z @}EE AzFo|A Pipcritones o5 wo] ta ol A4S YA A5AE AT

Vehicle Phellandrene Piperitone

weo [T

p-actin

a7 2-41, AzAdke g 2 2y g 4= B0 oedEs ask
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3. 4= EO9] A4AQA 4+
- A= EO9| 434S #4937 sty sAstm 4AQF7HAE M S4871A38E AR
B AEE 4F4FFENRRA 2NN SAAE 5o 7189 AdAGY AFEE ¥ sed,
FAUstE A Bt AHY FE O&9493 HIRCAACUGC 93 <dHUS

(HTRC-15-23).

(1) &= EOe] AAf7F |FAATFANIELAT
- 2= EOS &3 AT £4 F 1493 3% (23 3-1).

- AAgEEY 5ol d4SA AT WE, AR HFAE

T xgo] o@ SAo| g FAT BAZ VUHAL(IY 32).

O A

v

ARFY ¥Es A &

o, =3 BF7IT FTE F AT S BEAACNA o)Fe] #EHA FkoH, #
FZEAARA AHTEE0] BFHA GRS
- AE32E, A5 EO= 935, AT 3 AR M3Ze ¥HE Fo] AFHA RS, 9
e ARE 2AR AT Fo A wFAAEF (LD50)2 10 ml/kg BW B g2 gog, 7

Number of death

No. of

Takic groap S€X  Apimals 1 2 3 4 5 6 7 ?1;1;1 Martality (%)
s Male 5 ¢ 0 0 0 0 0 0 o0 0/5 ()
FAAL Female 5 ¢ 0 0 0 0 0 0 0 0/5 (0)

ve Male 5 ¢ 0 0 0 0 0 0 o0 0/5 (0)

Female 5 G 0 0 0 0 0 0 0 0/5 (0)

AZ 3 Essential Ol Male 5 R R T T B 0/5 (0)
(25 ml/kg BW)  Female 5 @ 0 0 0 0 0 0 0 0/5 (0)
A3} Essential Oil Male 5 ¢ o0 0 0 0 O O 0 05 O
(5 ml/kg BW) Female 5 6 0 0 0 0 0 0 0 0/5 (0)
AZ 3 Essential Oil  Male 5 I T T T T S 0/5 (0)
(10 mlkg BW) ___ Female 5 6 0 0 0 0 0 0 0 0/5 (0)

28 3-1, 9y HEFe & AE BE AMFE, VO Vehicle control (256% Peolyoxyethylene Hydrogenated Caster Oil)

4+=-3} Essential Oil2]
AAF FAATHFEANEATL FA

>
114
-2
mom
8y
10
[n]

24t 2]
3—2, A3 essential oll®] HAF FHAFFEY EAHAT

s o)A



(2 4= EO 9 dAF{F SAFAZAANAAT
- A= EOF @3 3¥ Fo ¥ 1447 48 3 (3 ¥ 33).
- APREES 5ol# AAFA, AT ¥ Al AAR S5 AT Wl 3E9F &
o, B A T2 F AT 545 FAFACAMR o] 3] #EHA U+
- ZEH o2 A EOL AT AT R Al 43T wE Tl #FHA oska, #F
717t FE F AAT S BEAAA o] de] v@HA Ao, BAFEUAA AT
FE0] BFAHA Ysks.
- O 2AE 3Y 5o A WEIAREKLDS0)L 10 ml/kg BWRD g2 402, 3d =2
o og FAcl flv ¢AdE 4= By (2¥ 34)

Number of death

No. of

Dose group SeX  Amimsls 1 2 3 4 5 6 7T Ef;ly“ Mortality (%)
L Male 5 0 0 0 0 0 0 0 0 0/5 (0)
BA R L

Female 5 0 0 0 0 0 0 0 0 0/5 (0)
Male 5 0 0 0 0 0 0 0 0 0/5 ()

vC
Female 5} 0 0 0 0 0 0 0 0 0/5 (0)
A28 Essential Oil  Male 5 o 0 0 0 0 0 o6 o0 0/5 (0)
(25 ml/’kg BW) Female 5 0 0 0 0 0 0 0 0 /5 (0)
A28} Essential Oil  Male 5 6o o 0 0 0O 0 O O 0/5 (0)
(6 mlkg BW) Female 5 0 0 0 0 0O 0 O O 0/5 (0)
ALZ3} Bgsential Qil  Male 5 0O 0 0 0O 0 0 0 0 056 @
(10 ml/kg BW) Female 5 0 0 0 0 0 0 4] 0 05 (0)

a8 5-3. & FHFd T AHF2 AME, VO Vehicle control (25% Polyoxyethylene Hydrogenated Caster Oil)

4+=+3} Essential Oil€]
AR F FAFNFHAANEZT A

HEzol 2 mijkg bwd ZES0 LE SYTo|M HE"

t Essential i8] SHATSHE FTAE T U8 FzEM SEES

4 UFY =S4 BAE TolHYc

2 4l 20154 68 29l



(3) 2453 EO9 AXF{F HESZAANHEAT
- 2=k EOE e AT 5o 39S o vehis A4 54E U3y 54%4E FUd3n
2l &= SD A= AEERDS 138)/Y, 149437 wtEFo 2 ZFA AT T3 (2E 35).
- YA BE A AEEES JAEA, AF EE, AR /};Hﬁl% 2 SFAAFY HIE
BAIA B34, Fo F3 Fo RPN, AHAAL A F SAAAL R ZFHE £F
g AT o|gAiZAo] FEAHA FUS.
- AEF 02 413 EO9Y B AFL 434 AF 2 AR 4F%Y W8 Fo #EHZA
Gokx, AV T8 F AAF EAZAAL =3518A AL 2 F ShAA 2 AEF
ZAQoA o]go] BFEFHA ggton], AFZT UMK APLFEo] BFAHA B2
- #3 432 5 mi/kg BW/daydl A= ol & F4¢] ARAFHA gkermz B AF =34
AN BEXNZL 5 ml/kg BW/dayl Ao HrHAS (2E 3-6).

Number of death

Dose group Sex Aﬂ?ﬁﬁs 1 2 3 4 5 6 17 %}; Mortality (%)
L Male 7 0 0 0 0 0 0 0 0 0/7(0)
TR Female 7 o 0 0 0 0 0 0 o0 070
ve Male 7 0 0 0 0 0 0 0 0 0/7(0)
Female 7 0 0 0 0 0 0 0 0 0/7(0)
2128} Essential Oil Male 7 0 0 0 0 0 0 o0 0 0/7(0)
(1.25 ml/kg bw/day)  Female 7 0 0 0 0 0 0 0 0 0/7(0)
A-=3} Essential Oil Male 7 o 0o o 0 0 0 0 0 0/7(0)
(25 mi/kg BW/day)  Female 7 0 0 0 0 0 0 0 0 0/7(0)
A3} Essential Oil Male 7 o o o 0 0 0 0 0 0/7(0)
(5 ml/kg BW/day) Female 7 0 0 0 0 0 0 0 0 0/7(0)

|

o3 3-5, BAT £o] & AFEFE AME. VO Vehicle control (25% Polyoxvethylene Hydrogenated Caster Oil)

=3} Essential Qil2]
ATSAAEZ2T o A

&M

X 10
o

Oooo .y
> > 2 om =

Eal
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@ 23 EO8| AT FAFYSANYET
- A= EOS| 1004) 24 94(19,070 ppm) B 109 54 (190,700 ppm)© 2 4417t =B (2

q 37).

- BT FE F |UE RN =27 R SAUET EFAA oHF o dAAE
HEHA ggtow, ARTESY d R 7g o3 F7)0) o Tl YEUA ¥U%E. FH

A2} vimste] AF

=i}
=

7HA AV EEe] @ASA] ks
- ol & AASE B v, 4435} essential cil?] FHUFAL FA € F==2Z AT Aoz @

@507 (2 39)

AEAAR T SR 2 AolE WelA] gten, AH/L F2Y

No. of

Number of death

Dose group S€X  Apimals 1 2 3 4 5 6 7 ‘ﬁf Mortality (36)
o ar s Male 7 0 0 0 0 0 0 0 O 0/7(0)
FHAT Female 7 o 0 0 0 0 0 0 O 0/7(0)
o Male 7 0 0 0 0 0 ¢ 0 0 07
Female 7 0 0 0 0 0 0 0 O 0/7(0)
A= 8  Essential Oil Male 7 0 0 0 0 0 ¢ 0 0 0/7(0)
(1.25 ml/kg BW/day) Female 7 6 0 0 0 0 ¢ 0 © 0/7(0)
AZ38 Essential Oil Male 7 0 0 0 0 0 O O 0 0/7(
(25 ml/kg BW/day) Female 7 06 0 0 0 0 ¢ 0 © 0/7(0)
A=23 Essential Qil Male 7 0 0 0 0 0 0o O 0 ()]
(5 ml/kg BW/day) Female 7 0 0 0 0 0 ©¢ 0 O /7

28 3-7. 34EFY T 49 5E AHE. VO Vehicle control (25% Polyoxvethylene Hydrogenated Caster Cil)

.
Yol

A3} Essential Oil2

2 LalF ol
447 F48F

X
=

A ANPAT} oA

}J,{.g&'i

2% 3-8. A4S essential oile] HAF FHEFY FHAY 273 JAA



4. QRS o] 45 FAAFH ASA/ASA S AAFAL
- in vivo, in vitro 7% AFAT AHE vFo R AFAHEE AAEFL M.
7t. 3943 AA AAF
(1) 45 EO & (584 EO, floral water) 35 AAZFY Ad Mg 4 A%
- =87 AE7 £ W AR 2AE v 3te A4 AY A
- 7189 EO §f AFEo] ddAe] A= S8 o] Wol & & I+
- A= BO AE4 A Fagol 58 v E FF 4AS Y dFAE (via)o2 ()5
Ak Ao FF A= (LF 41).
- $AF BH 9 =3 € tALlE AL A2

(7} €% 20 ml

() AE 2 &
- =3t 9E 20%
- A2 69.969 %
-xgEeLgad 10%
- EGUIFFSE 0.03%
- ¥]E}9IB2 0.001%

(th A=
O €59 79 % AF : 44 9455 FFLo Az 2A J#
@ B Wit = AFE 48E —r?&ﬁ}@ 80~90°C oA muh, 23}3tar 98TolA 2087k
A £ HiE JdE 4E qANNE AAX T ARERAR o|Fh
@ F2 : BHE AA 443 F AY FAVE o]8sty AR WEF we} T
® XA 9 Ea: 3 459 AFE AAele] AAHU AFT X Sho] RAI)
@ A B Fsl: FAF A7 FAHA 3 ARE AF) i &8 9

-

|

H .

o

4 LAAL4101).

s
'S

faisin i
"" 22000

BEEERRRRRR

oF 4-1 BHASAE B AAF A

2F
o
a
b X
L w2
—

v 28 A AAF
(1) A= essential oil A ¥f AAFL A A L A=
- 287 AE7 € Ui ARV 2AE v o s Jeo E&3AQ Axgo] AY A
- 4 essential oil&2-&] AW F5E&o| 58 T E AT dHste 2o 2F)e=
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(F)eAAct 4o =& A (¥ 42).
- SAFE e o 23 2 fARlS A& AR

(7P €% 15 mi, 20 ml
h A% 2
- 2+=3} essential oil 0.05%
- 34 06 %
- A2 ulo} 0.05%
- A5 99.3%

(th A=y

@ 989 79 ¢ AF: 7] A5 E FF Lo}l Axad A FHFE
@ WF : wFB =] AFD YEE 5935 80~90T A mut, FAs et 98T oA 2027+
A F Al 18E 48 A48 AR A Aulzdgaz o4

@ %3 : 9HE AA A3 F dF FAVE )83ty A HEF) w= A%

@ xF R HA: W G45E AFLS FAAEY FAAHA AFER 42 st BHEAg

©® A 2 &35} SAF A7FFEAA 23 HFE AF @] &3 3

2y 4-2 A DEY 23 B33 AHAE AR

o AAEY 5% 24

(1) $97HS AL AAFS FFUFE BA

(7} W4 in vivo FEE BUARE FEF AN FHA neointima (W) T4
Aeo] he FURE AAFY E5¢ ANSHTA, A= SUR% wdA FHE AP
o YHAES AAES $U =D $§4 HO (20%) (100 Wl/kg BW/15)E 3% 292 &
& 43U F% A L 5E F UY FA A & F, A T 0 A £& M vw g
E3h

(W) A3k $84 BO AGFANA A0S 34 ¥ AYRuc FIEE AL YEd (2
¥ 43)
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el

-;_,_\:. R .
. _‘T_“‘*ﬂ:\_ﬁ'_,:‘-“-.r‘" - 5

BAg 2l 3 A4 FA4 i d4at 2l =21
=) ) -

(th 28 & ZAde I43 AAFS F9A38 T4 AP RRI A ois) AR}
€ HEd 7MeAS AAE 28y FF Bg BV FoAl4 B #F3L B F&F 9%
A9 FE HAFES 93] F2E AR ARH.

2 18Y A AAFY Fa8Y B

h ¥¥

- Monocrotaline (60 mg/kg BW, IP)2. 2 fx g HALEY RIAFES o|&sld ¥4 ¥
o tid 8R AH AAFY ETS AARZIHAEA, WA 8¢ dEHA T2 A%
4 HEHe FelE B#EE-

- NAFH T =AY EO (005%)E %te] F717 @] HEg 239 dE #87]
(72l E)e] g A=E ¥ A=Y 200 il A JE & F, A4 218G 2D FES F
30% ¢ F EYS A8 &7 W HXNE (0¥ 34)

- 47 33 E 259 T AA F AT £ HAZ T =FAFLE A5 AER HAAE

1o
o
)
e
[

a7 4-4 HADEHELFE A AAE Fd =39 EO

(H) @3 : Monocrotaline® 2 F=8 #H4 1Y FE I HHA 44 vy £
#3359 ulgi7} EOXEle] &8 i FAHe AES YRS (28 4-5).
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Pulmonary artery

Vehicle

X10

| X200

4-5. d4 ZEY 245 EY 44 2 A9 HHd At AAF R =29 A5 E0Y 4%

(=) 2E : & AHlN DY AuE 220 NAFL A4 nUYe) 2 FoE A3
£ A%e dEhie o2 ¥39. BN & AAEe A4 8L A4 39 9P
& Z 7l5Ae AN 38U FF Bg P10 FANY Bt BRE Hoh A%F JAAA
o 5% 33E A FoY Aoz Nay.

(3) AlAF AFAAL

Oh 4% S=ad v9d $dd g 5 29

@ ¥d: ZANAEY 59 2oz AP AF FOo| 9% ¥H FF2AE, gHPAX
(HUVEC) 3l A2AE (rate] 4 £ € primary cel)d| X 4F-FE=AA NF-LB F ICAM-1)
dd 2 apoptosis ¥ A (caspase 3)o] JgS P&

@ 24

QO RHEAHRANA Y #E B g 5

- BR HYZAH R NAF FUA2AL A5 EO A A 94FAS £44 93 fi=d @4
@ ¥4 SV S3E e ¥l 481 (2H 4-6).

ICAM-1 — S —

NK-kB

B-actin | o ——

Ang Il . + +
EO = 3 +
2% 46 BEFETAFNAHY 95 #E I ‘%
Ao gt AFF 22 =3 784 BE09 3 @



© ALHARBRAAE HUVEQ))H €8 B9d 2ol Hg &
- GBI AAE FL=AY 47 FOB AIHE 4% 93AT B4 9 #=8
#d REAAZI BaSE AL US (19 47).

- B¢ f=8 caspase 3] 37kE $Ao| AAF FAzA 47 EOo| Azl s A
Zase AFo $BY (19 47).

A B

’ |
NF-kB l Z NFKB | e

Caspase3 Caspase3

B_act{ n — — — E:- Actin | o ——

TNF-a = + + TNF-a = + -
EO(+84d) - - & EO &
a8 4-7. A3k ) EFUNFA A 2 C’é‘i #e dzE ) gk A
£ 54 249 43 B0 4% 4% B L ‘
z=A2 #4444 BO. B. 24924 AAE

otﬂm“
e
I o= O
[
e
t
S

© ATAZNA B defd SH st FHAS AAFY 57F

- KetoconazoleZ #+58 #E HTHEZEHY LS AlAF TLZ2A9Y 4= EOA ) o3 ofsH
T A%E JUed (29 48A)

- AAE 59 2719 A= EO AHE Ketoconazoled] 98] 5@ HAE ATHZEAAY Bax
o] $aE AAAF= AFE UEd (2 48B)

150
3 —
>‘1l:ll:l Ba)(|‘|-—-hfﬂ"*~——;-'-]
= p - .
-g 5% GAPDH | — s— _|
> Con Keto Keto
= EO
(&)

o
Con Keto Keto
EQ

O 4-8. HEdEHAAe 95 #Ad AAEEd g sHds
B35 AAE 59 219 £84 B0 4% B

@ o9 AAEL EAUAATAAM]E AAF] TS dAY s & AAT. £F
ASA XA i3] FHaFAE Uetd 7Hedol AlA.

(W) Ex vivo & wgAS4 AlE

@ WH: AARY TY 2702 FPH 4 EOd 93 ¥# wWAFAH L B H5d

rato) A E8dE #AZ9L 35 mM KC &= 01 M NEZE §3& 8% & EOd 93 o¢t &

AE /A (2™ 49).

® aﬂr- a9 3944 EE ukg Zo], 35 mM KCl =& 0.1 pM NE¢] &3] f=4 #H3F%<]
ZL£ NAFY Y 21022 FAYE EO o8 F= &F¢ o o] AFH (1H
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4-9).

@ o3 dREL HEFY BHAAA o|& AlAF] o|AEEE = AL AAF
1207 120
= 100 1 oo
s §;’ B0 C! 80
%EMI %-g-"';‘.n
g2 £3
EO(ngim)) 0 1 10 100  EO(ngim) 0 1 10 100

a2Y 4-9, AAE B9 29 EQo wWE HEHo|Y Fa A, 35
mM KCl = o3t o] gk B, 0.1 uM NE =4 i3t o] g3}

o 42 B0 AE ST AAESY A o] YA
- AEeste] AMRE $9 AFH YFANPE AASY AA Y 2L AR o)

AN FL FHsty] Aokl RB AP & AFhehn RBALS A2 (2 410).

(Zh A13¥3: KUCH 2015-09-041

() 7to] YANY F9H: AFRGnEEE e

JohbHA 20154 09% 070 AlEEt E7|HelelE AEA Chstol et #0|

Yo7t 2L USE SAELILL

IHHE  KUCH 2015-09-041

ARIHE | &S (essential cil)2] YUHOIM ZHo| eHFE Hab

waMext | H% | H 83 | A% | smEIBUY | N9 @
W ARA NI AP AN (A /28
0 @7Asug O anRSHe/EYED
NEL
O B0s ol8us Sleb/ol At
0 9RE7NES/AULD O 7| )
P = = 1
ENTE 0 Hdel

H2ZR m

HEME  ARAEAM 15 @ =Mooz 18

Fojatet %

R

HFslo oML 20154 9¢ 15YYULCH
EAB0] =A|7| HEELCE

2015 4 09 @ 07 ¢
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5. @A E 45 EO9 Ad

7k A= Az g9

O ¥=3 A= g9 R A=A &9
- B A7AL o A= AN, sAMSa LEAERSSE dEAW AA (oF 3000
HrE THste] Apsa S
- 71€9] ol AR AuAE vlgrt ¢ He, FetA 59 A7 A=2te] B HSo] i
At dAbsigen, @ AR WgAd &5 R diart & He BEEE A9Eie AR
E %9H33s (29 5.
- A= AuiA| S AzFRe HaS A3l FAX/HIE B H¥E FEIAS
- 745 Al7] @ EO9| Blmg {3 AujAd 79L& el AHAZE =2

o

e CHED

2 ACHRLT Bl e e R
HEUSD 4 E=oHE s
2USL| Hplstx] DR

BANEET EEEARA I S

2% 5-1. 4128 Al #Y 2 Az 47

@ AA A7 2 A9E EO 4= A% =4 39
- g A7) 8 EO4 BEE f8] AdiA[ THE e AHAANZE 22
- A EO 74 AE ¥ B3 ALY £4F A% A9 g9 A7 (2H 52).
- £ 978 %3 &S EOg avddde A5 Ay £A U@ =L #d JEeR AT
T A= AolH, = EOY BES dig 7 ARE2A LT T AH,

29 5-2. A9E A3 AR AY (Add 29, 2 AHEAH)



i} 4A=38 EO AL €7 (B=3ERE EO9| +8)
- ZAUYE PYEAEARET AGX2RE AHE oM AHYENEH EOE Adsna o
TS
1) &< 39 2 8749 87
- INWEE FESAEFAEE A4 W EO A8 & 3 E9E A% #2448 ¥E ¥ A
" 39s (¥ 59).
- 71&9 F&719 @32 HEH &/ LES steam distillation F&7] 20 R Y §
= AN E essential oil F& W A7) ASE 3o F&7] 1HE HAs}H .
- WF; 205, djEAH: g1y F&7] 20, Fe] $&7] 1], ¥%F7] 14|, absolute F&3H, ¢
% 22 39 § Hu

2% 5-3. B0 A& +2/Bd4

(@ E=Ee AN g

- EO & Wy 3 FE&=dE& J45317] S8 23y F&224, AL &2, 757 32
27 5& 3PP

- 4= BEO8] E-eEl8 9138l steam distillation, absolute extraction, 3%t & 9 =97
FE2HE 38318+ (1§ 54).

- 23% F2 W 294 FE2HE AR Az 9 2us gAo] a7HY, UF A8 F
&dle FAET . 8 EOL A=x3A| gL AEA E=/AAS= Aol 713 HAA
o] %3} o] EAF

- Absolute extraction®-& A4t ¥l {780 F 522 EO AE o|9d g AR 49
o8 (53], &vRFd 4 54 29 18l ).

- B 4744 4= EOS] #3 2 AR steam distillation o] 71 HAE PP E AL
B¥.

=l

29 5-4. 453 B2 =27E BEO £F



o} A= BOY AEEN 2 EFFEE

(1) GC/MSE &83 4= EO 4 E£4
- B dF4e 2R HE7E(100% SF5E olE; Ee| ¥7] FHA £8)E @83
¢ 4F3 EOE GC/MSZ E43e 42749 AES FHAIS. °F dide
monoterpene 3! sesquiterpene AE Y-S 2% (Y 55).
- BAE HEE 7Y E BEEy 2EASA o3

Rank‘ Name l Area [ % Rate H a:Cadnol 3edm (071
11 o-Terpinene 18028613 .63
A eampher SRERIN] BARR 3 dTe ]In ol 16746751 0.58
1 -Cubehene 463076398 16,20 54 B.i T[;l 0]hes-2 ene, 4 methylene-1{1 methyleihyl) 1“-;3:*5 n‘“
- ICYCIaf.h. .| E1-2-Che, neihylene methyiery’ 4.0 us

3 Piperitone 163N2514 An - = ="
W mmper 15 o-Thujone 15943199 0.55
O L WA 151 % y-Terpinene WIET 081
3. [Caryophylene 14312463 1470 27 pSelinene 080
6 1R-e-Pinene 117785507 411 3 pOciuencY 12693484 0.4

Y ]

7 Camphene 107364378 3 29 Caryophyliene oxide 12048683 042
& Bicyclo[3.1.1 heplane, 6,6-dimethyl-2-methylene., (15) TSI481T7 162 30 3-Cycoberene1-methanol, o, o.4-trmetbyt, () 10574430 0.37
. P-Myreene 10200 31 Pinocarvane 10392418 036
10 Sabinene 56573309 197 32 Copaene 10225114 0.38
11 bicyclogermncrene 41700817 146 33 trans.f-Farnesene 10128181 0.3%
12 chrysanthenone 47199395 .65 3 o Terpinokene $198034 028
13 Levobornyl acetate 46769938 1.63 3% Cuminlc aldehyde TE45810 0.26
14 | Phellandrene 45623682 1.59 36 Palatingl - 6895441 0.4
15 Thymol ansene 147 37 Trieyo|44.0.0(27)dec3 ene 3 methanol Lmethyl 8 (Lmelhylelly) 6347107 012
16 cbs-Oclmene 40449327 141 38 Epibicvelosesquiphelandrene 5642551 019
17 - Thujene 702829 L 39 Tricyclene 5642266 019
18 4 Cadlnene 32780 112 40 Naphihalene, 1,2,344a,7 hesahydro- 1.6 dimethyl 4-(1- meibylethyl) 5639635 0.19
19 oCymal 0866567 1.08 41 2-Cyclobexen-1-ok, 1-methyl-4-{1-meihyletbyl)-, trans 555040 0.19
0 Lingiberene 23130571 0.80 41 EE-u-Famesene 5201558 .18

I¥ 5-5, GUMSE $EF 4= B0Y £4
@) A= EO¢ v A@BA &% BF
- A5 BOS] A 8HA o)A e &8 9 §EsA4S B S5 B A9 &
Y.
Zh AR+ L AFEAQe) @ 53}
- A4=3 EOg) Xy 2 A X g MEFYE £45 F5A0 Y= TN AxF
Ao g AdE #EF
@ 4t=38 BO9] keratinocyte F-2]e] vigt &z}
- 423 EOE EGF (50 ng/ml)o] W3] & keratinocyte £41%& fidte A= vied
(29 56 #=).
- Akt9} ERK1/2& Q48 A5de AL T3 40 f=HE 7|dE A% A2
Af-oe AR d2 F4& Ak ALz 1Y (1Y 56 &)
- 28ng, 48t EOE 318 FAHELE o|FoA 3iof, @id AEQ EGFe) uls] ¢k
gge] vl =ol HEAY R AARAFAZA S ALE 7HFe4E AATR

@ 45 EO9] type I collagen ' type IV collagen 4l B &3
- 448 BO% keratinocyted]A) type IV collagen ¥4& #oi8hi fmshe Aos B
(18 59)

- wehd) A2 HOE ANEAY AsE fESHA Sowa A4 ¥ NugYe S22
% Qe Ao Amd.



200+ * CBMEO B 00000 0001 001 0] 1

= EGF . 4
§ 150 * — . e | - AKT
<
= |
5 100 AKT
& |
F-d
= 504
§ , P
o
b—--—.—‘ C1/
“::;::: o o - 0.0001 0.001 0.01 0.1 1 |F'Rk 1
ar + N
150 ngimi) [ e .
Transcutol-CG (0.1%) [ractin
3% 5-6. 4= EOY &Y % IAOHE F45 &3
120 150 * P> 0.005
=t Py
gwo Sis
- e
oc J
0§ % % § 100
1 i
= 604 -
£3 £
= E>
404 >
n g_ By 0
2 204 g 25
Essentialol 0O 0.1 0 0.1 Essentialoil 0 0.1 0 0.1
(ugfmi) CcM Whole cell (hg/mi) cMm Whole cell

% 5-7. A= BOY type I 2 type IV collagen AW 3}

® 4= B0 in vivo A% H&%
- in vito WRAE 24 2 5L FA%7) AP in vivo W% AAS G
- =¥ EOE iz Hal 4@ NEAQ TR ohig, A=A A% AL
e (29 59)

Vehicle CBMEO

0 day )
7 day

—

2% 5-8. 2= E0Y in vivo A AFED (A) in vivo A (B) FA413 d|o]E]

@ BE: o4 FAEL 4T FOE AANF L ARALE A% 468 FH 24Y 715A
2 AN

(B A= EO9Q] free radical 2A% ZAA}
- 23} EO9| §4ksl i (free radical £7%)S ABTs activity @ DPPH activity 39& ¥
3l AAH.
223 EOL =39 L-ascorbic acidel] W3] 20u8] o]Ate] d4kst %L Jehde #eld



(29 5-9).
(hH A= EO 9 YA E2] free radical &A% A}
- =3 EOE& FAd)= single compounds®] #4348l EA)-E(free radical A4%)S ABTs
% DPPH activity 922 $8) B95198. o 2, eugenol (5c-203043)0] b4 W22<]

L-ascorbic acid®]| B3}, vj- 93 34k} FA4S vehdS 39138 (2 5-10).

1287 = Chrysanthemum boreale E/O | == Chrysanthemum boreale E/Q

Yy >

9 ™ =& | -ascorbic acid ;‘; =& | -ascorbic acid

5 > 784
&

S 18 >

= =

7] Qo &

o g o

0 I

= 4

o 2 ) :®

< Pt o

01 1 5 10 20 30 40(pg/mL) 01 1 5 10 20 30 40 (pg/mL)

a7 5-9. 4+=3 E09] free radical 274%

2

-+ L-ascorbic add = L-ascorbic acid
<& Eugenol (sc-203043) & Eugenol (sc-203043)
g g
24 2
> >
3 3
® o
» I
= 20 o 20
g [
o
0 0

0.0001 0001 001 01 1 10 20(ugmL) 00001 0001 001 041 1 10 20 (ngimL)

2% 5-10. Eugenol® free radical &7%

() 42 EOY] gulgt B AA}
- =3l BOg gt e MESAe] gl =9 05 ng/ml ¥ 1 ng/mle] F=oA 9
A AATFA E(adipocyte) o] #3312 AIHS- B<1% (29 5-11).

- A=t essential il FF AP B FT Fo& T AR 2A E87154HE AAMEL

*P<0.005 D

*P<0.005 g,
> Ex CEMEO(gimL) 0 1 0 01 05 1
= [L =]
3 v = MDI - - 4+ & + 4
8 0%
= B 40 PPARY e
8 X~ 20 .
0 o 0 R C/EBPa L — —
PR LD il o CBMEOWgIM) © 1 0 o4 o5 1 — ————
B . ACC B e -
i FAS . —— —
camsowg:'-'nol.'; 0 B-actin | S — — —— —

a9 5-11. 4= E09 #vgt &5 (A) AXSA (B) AdEsdAs (C) AZAF (D) 34 &2 43

_94_



(th 2E, o4 AAREL 4= EO7l st £58 w3snz v AddAA A & ¢ &
& 7}?2}-}% 7H 835 EAY-S AAEE

2. 45 584 B0 YREY

- 584 EO (478 EO #7 ¥ 58959 floral water)e] J2EAL GCMSE B85
H(2:BF/2AFADATY, KBS, HeATAe)sdon, 24 J2o FF9 vius 55
v ZElge (1Y 512).

P

No. Compound Area (%26) Activity
1 2. 4-Pentadienenitrile 0.33 TUnknown
2 cis—Carveol 0.35 Unknown

Anti-cancer
Anti-septic

3 Thymol 1.09 Anti-oxidant
Anti-microbial
Vasorelaxant effect et al.
Anti-inflammation
Anti-cancer

4 Eugenol 0.48 Anti-oxidation
Anti-microbial
Vasorelaxant effect et al.

1.2-cis-1.5-trans-2.5-dihydroxy-4-methyl-1-

s 14 TnKnow!
(10hydroxy-l1-isopropylcyclohex-3-ene = S own
o c1sAi]Iyd1'o cy-2-methyl-5-(1-hydrocy-1 1.29 Un own
—isopropyl)-2-cyclohexen-1-one
Methyl Ester of Ricinoleic acid 0.91 Unknown

L)

A
=}

2% 5-12 45 44 BOEREY

ML

¢t 2 EO9] £58 2 HE
(1) AZA) 710 W& 2= EOS
7h ¥4
- AZA 71 mE A58 EO A2 HwEr] A, £EEc] @9)7] H(vegetative), TEE
o] 7] H(preflowering), o] A3 AFH 2 Wt F(full-flowering)o] A=3-S Ztzt HH
A5
- A AZIE 58 R 298 A3 EO9 AES EAE

o] ##3
728 W3}

Kl

W 23
@D 255
- Vegetative, pre-flowering, full-flowering A e]9] 4=3H25 kg)olA steam distillation WH-E
83l ZtZ EOE EE513on, vegetative(23 ml, 0.092%), pre-flowering(50 ml, 02%),
full-flowering(40 ml, 0.16%)2] +=5&& eI,
- 718A171e WE 2=3 EOe) 58S &
Uetston, £o| A3 Asten | Fo
@ REEA
- A A7EE By A3 EOo AR EHe 72X AATAKBS AL&ARA
Bl)o] 2JE|ste] GCMSE o] &sto] EA3t3.on, /QSAI71E Fish= AF (28 513), s
A Bold FAARE (29 5-14), /A3AI71E Fotete AR 2 4 AR (29 515) 9 558

tr}-g-o] 7] Hfpreflowering) 74 718 =4
FEEo] AHE A3gS B9

i i



H| 23150 L-

- ANSAI71e] w2 A=t EO Adie ®Wish= prefloweringel 4] [B-thujone, umbellulon, f3
-phellandrenes-8 X313t 7714 o] EBolxHo =z EX|592-

@ 28 : 7 7AREY A8 ¢ Y 7154 878 T3 5ol3Y EO A& dF &
d= Ztzte] AFHAZ1Y =deo] 9 HY, B dAFARe] &8 /X7 W =2 AY. =%
Pre-flowering Je]o|A] 2|8 453 EO <] %52 anti-cancer, anti-inflammatory &3}
7} HuEojA e}, gFE 7|5l WEAR EFoEA FF JvAH A7 98T Ao
2 Al E.

it

Percentage

Compound name Pre_ Full_ Activity

Vegetative giwerin s flowering

1 Germacrene-D 28.83 12.03 921 Unknown

Anti-cancer
Anti-nephrotoxicity
Anxiolytic-like effect
2 Caryophyllene 9.95 4.61 4.04 Anti-microbial
Anti-fungal
Anti-inflammation
Anti-oxidant

3 cis-Ocimene 3.06 1.35 1.4 TUnknown
4 Camphene 201 T .
=1 (-)-p-pinene 4.66 2.77 3.06 TUnknown
3 p-Thujene 3.58 — 2.08 TUnknown
7 Zingiberene 3.34 0.83 1.49 TUnknown
8 Germacrene B 2.43 - - Unknown
&-Cadinene 1.7 0.85 0.91 Unknown
10 B-Cubebene 1.38 - - Unknown
11 Bicyclo[4.4.0]dec-1-ene, 2-isop 1.23 B B Tnlknown

ropyl-S-methyl-9-methylene—
Anti-nociceptive activity
Anti-inflammation

Protective effects in L. PS-induced

12 p-Cymol 1.18 1.25 = S _
acute Iang injury
Anti- fungal
Anti-microbial

i3 pB-Selinene 1.17 — — Unknown

14 1.5.5-Trimethyl 1.13 - = TUnknown

1s 1.3.6-Octatriene.3.7-dimethyl- 1.11 _ _ CUnknown

A(£)-
16 t-Muurolol 0.83 - - TUnknown
17 v-Cadinene 0.78 - - Unknown

a8 5-13. AAF A7E Arss= HME 2 5uEa

Percentage

Compound name Activity
- Pre- Full-
Vegetative flowering flowering

Anti-inflammatory

1 B-Thujone - 9.21 - Kt
2 Umbellulon - 5.45 = Unknown
3 p-Phellandrene - 1.56 - Unknown

Bicyclo[3.1.0]hex-2-ene, 4-methyl
2 ene-1-(1-methylethyl)- . =2 i Lmciovn

5 Bicyclogermacrene - 1 - Unknown
6 p-Elemene - 0.73 - Anti-cancer
i | o-Selinene - 0.69 - Unknown

a% 5-14. W& HA(pre—flowering) So]3 A& =2 aFH|m
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Compound name

Percentage

Vegetative

Pre—
flowering flowering

Activity

ok W

-}

10 I-Phellandrene - 1.97

11

12 Levobornyl acetate - 1.05

13

14

1s

(-)-Camphor

a-Pinene

o-Thujone
Piperitone 2.76
B-Myrcene 2.32

Sabinene 1.85

1,.8-Cineole 1.79

Thymol 0.86

a-Thujene -

Bormneol L. - 1.18

4-Terpineol - 0.9

v-Terpinene - 0.67

9.64

3.91

o-Cymol —

16 Chrysanthenyl acetate —

15.36

4.84

3.54 1.34
3.24
2.17

2.72

2.94

2.07

2.49

19.34

6.02

9.87
2.84
2.43

3.42

2.11

2.13

2.24

1.3

1.18

0.94

TUnknown

Treatment of stress-induced
hyperthermia
Amnti-leukemia
Anti-inflammation
Amnti-metastatic

Amnti-fungal

TUnknown

Unknown

TUnknown
Amnti-fungal activity

Anti-cancer

Amnti-microbial

Amnti-oxidant

Anti-inflammation

Amnti-virus

Vasorelaxant

Relaxation in airway smooth muscle
Anti-virus

Amnti-cancer

Anti-oxidant

Amnti-microbial

Amnti-fungal

Relaxation of smooth muscles
Spontaneous contractile activity of
the smooth muscles

Unknown

Amnti-microbial

Amnti-nociceptive
TUnknown
Unknown

Amnti-microbial
Amti-biofilm

Amnti-fungal
Amnti-leukemic
Amnti-tumor
Amnti-hypertensive effects
Anti-inflammation

TUnknown
TUnknown

Unknown

2% 5-15. AE A7 Srkeke AR 2 AsEm

2) AFAA71E EO AE9] monot e 2 sesquiterpene ¥ B|
erpen quiterpe:

h ¥4

- E4eo] W@3]7) H(vegetative), Edeo| 7N5=7] H(preflowering), Fo] &43] 7gH= 2

@ F(fullflowering) 2]

monoterpene

) 24

ol

>

Rl = g
sequiterpene AJE-2] Wla &

QAR LT,

23t BOS| AjSAI7

e

- vegetative, pre-flowering 2@ full-floweringollA] %% monoterpene?] 3] F9toH, 53] £
-go] @E|3 & F monoterpene AJE2] F719} EH0] sequiterpene RO 7Hi7} BEE
(2@ 5-16). Pre-flowering £72] EO A% % sesquiterpene A#2] AR+ full-flowering 4
HolA 4R a7 #FE (IY 516).

100+

&0
704
604
50
404
304
204
10

Percentage (%)

-+ Monoterpene
804 - sesquiterpene

e

Vegetative Pre-flowering Full-flowering

23 5-18. #FHA 7|8 EO A E 2] monoterpene

2l sesquiterpene FEF H|L
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3) AHA7E 4= B0 A%

ZhH A5 AT HA
- A8l A A 7108 H (vegetative), 7|8} F-(pre-flowering), 7§38} F(full-flowering)] EO2]
BB ANNSL &Q13l7] $93) keratinocyte B fibroblast £4]/0]F%2 89S (¥ 5-17).
- A& F(preflowering) EOE EGFe] H|3] %& keratinocyte = fibroblaste]
proliferation/migrationg X3+ Aeo] #<lH@. vtw, 7j3 H(vegetative)d} 7ME F
(full-flowering)dll 2 253 EOE Fold A#4E UYgr] &L

-
2 B8
s 8

=
=3

S 2
= = N
g B

@
=
Relative Migration (%)

Relative Proliferation (%)
-~

=

~»
> U

0 0+
thEGF - * . - . . . MEGF - + . . . . .
Pre-flowsring CBMEQ - . 008t o a1 1 10 Pre-fowering CEMEO - a 00 00t 01 1 "
(ug'mL) (pgimd}

2% 5-17. Pre—flowering 2= EQ%] keratinocyte 85

@) AHA71E A= EO9 348 &5 <
- A3 AFHA 71 E[H3F H(vegetative), N3 F(pre-flowering), 73 F-(full-flowering)] EO
o] A3l EFE FQ3slr] s ABTs, DPPH free radical 2AFL #9l39e (29
5-18).
- ¢k Y ZF o2 E L-ascorbic acidE AF&3lgon, A3l EOL AFHA| 719 w2 a3}
259 Aol UetA #toed, F8AHLE R L-ascorbic acide} FAMg 343l &
A& YEH.

P~
=
1=

- L-ascorbic acid -+ L-ascorbic acid
- Vegetative CBMEQ & Vegetative CBMEQ
@ 100 = Pre-flowering CBMEO @ 80 = Preflowering CBNED
[ s Full-flowering CBMED 9 -+ Full-flovering CBNEQ
R H
£ > 60
=1 ]
o 5]
g 60 H
) I 4
=40 r
o o
< a
2 20
0 —_— 0 ——
0.00001 00001 0001 0.01 04 1 40(mg/mL) 0.00001 00001 0001 0.1 04 1 10 (mg/mL)

28 5-18. AFA|71E A= EQ9 free radical &A%

AL AF AGE 4= EOY AR B4 ¥ 5515
(1) AMHFA G BE 453 EO AE ¥3) v
“h B4
- Ab=13 EOY AF A g AHE HIE vimstr] Yste BR(FAH FAY D), T8
(Fd ohh), ER(FATH AD)AA /N3t H(pre-flowering) el o] {t=m3E 24z}t 25
kg AMASHS. AAHNA AH3 4=3 EO9 ET= steam distillation H-S &35}
Jom, AH AY 58 2 £V 458 09 4B BAR

h 24
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O #5&

- BE4AN 32 ml (017%, 2FA 50 ml (0.2%), F¥oA 437 ml (0.18%)8] +=589]
YeEgE A58 E. AQEET, 35 &F) 45 E09 58 F¥-E5F-5% £2
2 £EE0] B8 #1 & FF AQET oMo AT 58 £EES vsho EO
288 53 Aol A HAHALE YEE AR TR§

@ HAREH

- AqE= Eeld A8 B0 HE £4L 57|24 AH4d7 A KBS A-&AR4
E)e] 9)F)ale] GCMSE &3], 2} A& ghge] vius} 2% Hay (2@ 5-19).

Pervenlnge

o e sl

P e ~Northern At Southein ARV
At part pary

1 [ TR LT P S .21

2 O3 Cam e LES L L

A Cievimmcrenes 13 L 1308 H.hd

4 W e £.32 4,84 A7

a Caryophyileas LR A LR

L LIRS PAE e A,77 204 N6

7 - T ha i 2ol 184 Lo e

] Cmag e i 237 A0l ADn

« L e llandrene A2a 197 [P
LT Wi ey o e .88 L% ¥ 0ET
i HSabincoe 3.53 272 Anw Antl Pungel actividy
1 1 Pinene 2.0 Antl-oxidant

(R LR TEER EETEES 1.5 RIS LRI RE
e "My icrae 139 av .08 L b v in

1= 0 - 1.0 1.as8 LT R

Antl-noaciceptive sethviny
_ AR s g A
e oyl 148 i.2% Antl Pangal
Al el ralsial

& A4 Terpineast 1.0 o, 1.9
A ke effect
S DL R CT T TR L LT

18 Boiaeasl L LR 18 1.505 L i v

i% i Barny i acetate 0. N6 1.0 1.69 Lmbcnosw

20 v Verpinene 0,73 067 T Lim ey "

a3 Cheysantienyd meet 066 A LTk o

e

32 0.6% L] Unig W

ax LUR oL L B

24 LS | .23 U nlnswwn

Anii virns
Al canver
Antl oxiidant
At b votiial
1= Thy ol 2.07 1.99 T i ——
Helaxmiion of spsoatli muscies
Hponianeous confraciile aciiviiy of the smoaib ¥
wcles

2 - Thajen - 2.49 .16 oo o
a7 LR R LR T - 27T z.31 L L e
I8 LRFETL PR T T PR =.4% =x.51 B R v i
2w ool enane 076 LT
A Cinimgrlio 1R.53 Al o lianl Auntl-viinod
Al w-Sellnene 0, Umbinonvn
Az S adinene hLES Unbmasy
a3 Zingiberens - [LE_S ) Unbcnown
Ad 0n.7T3 Anti-cancer
asx i.54 Unknown
i 1% Unbknown

Wicyclolt 1.0 hex-2
2T ene, 4 omeithylene - 1.22 - Unbinowwn
11wl et by -

=9 -1, AH Ad4 o2 452l B0 4% 9 asdE
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2 AAA9E EO A& monoterpene B sesquiterpene FHg vl
h 4
- 453 EO9] AFHR S B (FY A, FAH), FHEFY oMY B FH(EE E=E 7
H3lo], AJHA G WE monoterpene T sequiterpene 9] FF2 WINF (Y 5-20).
h 2%
- BR(E 4 A8), $7(EE oK) 2 (B &3l)elA =5 monoterpenes]
o] =A YEhs.
- E§ FR(FE oKhAY9e] A=8 EO /&4 monoterpene ¥ sesquiterpene AE-2] §
Fo] B T W} A4 v A g #8908

004 = Menoterpene
#0- - sesquiterpens
= w ._____’___,_...-—"
— n
@
=2
8w
=
o a0
2 %
@
o 20
L
Nerthern Middle Southern
part part part

23 5-20. AAAYE EO4ES monocterpene
2 sesquiterpene T H| .

@) AAAGE 4= EO9 AR AT &<
- A= AFARAQREFCEY 49 FAR), FH(EE oMY R #R(FW 9] EO9 HEF A
A< BUstr] 93] fibroblast F4/0|F5-S FAs S (2¥ 5-21).
- FH(EY oMbl AR A=t EO: EGFe|| Hl8) foi7 F4/0)F%52 @ dhy, 2
(2 29, FAF)S dR(ER Fal)dl AFT 4538 EO= T4 H o|F5¢] #EHA &

w 100
75

50

0

0
MEGF = . - - - - rhEGF  « - - . . .
Middle CBMEC - - a0 o 1 10 Middle CBMED - - ooer oM 0.1 1 10
{ugimd) (gimi)

o

@
2 100
]

Relative Prol

g 5

ra
o

23 5-21. AAAGE 4= EOY fibroblast A-d% (F5)

@ AFALEE 45 EO9 g4tz &% g9
- $EUE BREYE A, §AE), FR(EE oK) 2 (A dE)dA AFHE 2=8
EO¢] #4138} HS (free radical £4%)8 ABTs ¥ DPPH assay® 53] #¢ 3L (¥
5-22).
- ok YZ=F 0 BE L-ascorbic acidZ® AFE3lgon, A=8 EOL AR Yo W& 348 &
59 Aol VeRRA] ggtoin), F5FHo2 g 2¢l L-ascorbic acide} AL #8418 A4S
YER.
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a
=
=
8

- L-ascorbicacid =+ L-ascorbic acid
& North CBMEO & North CBMEQ
@ 100] -+ South cBIED 2 80 + souhceiEn
g -+ liddle CBMED < ~+ Midde CBM EQ
&8 2
; > 60
B
g 60 2
] I 4
5 40 o
&
20 20
0 e 0 e
000001 00001 Q001 001 01 1 10 (myiml) 0.00001 00001 0001 001 04 1 10(mgm)

a9 5-22. AHAAGE 4=} essential oild free radical &A%

= 18 =



HaF

Ald B39 E4=

2 20pof2] 7|0 =

Kl
A5 AF7AS P18 G4 % (%)

1. A2 A=A 81 3,000 &H 100

2. Essential cil®] E&]/AA| =74 g1 Esifﬁj 350?5?_‘-;& 100

3. 4%9 & n¥8Y 7ls 9+ 55 BAHGAMAED) 100

4. 4E9 & FAAL 75 AT % ZA@ANAED) 100
A E4A

5. A& ¢tHA AF SH(RIALAHALASF 90
IRB41 A F)

|6. Essential cil - A)A 2] A1 g AlFEH 100

7. 8 18 715 AAF(=ZH o)A 1F5 2 F/) 100

8. & YA} AAF 1 55 100

9. 559 &4 54 €4 (14 §%8) 100

10. SCI =&9 47t 58 AA 100

= TR —




[AF d7E5F @HE]

1 139 %
A% Ararze | UOF A7AL S
* aortic sprout?] LA e]o] g = EO
VSMC 34 & o)F | (F84)9 A4A &3} A (27) agonist, 47)
FE8Y =23 )
o F2, o]F YA|F AT (2 agonist, 4 FE)
HUVECY] 34 % o3| ., |* HUVEC agoniste] 525
QAN A g 597
A+=F essential oil PETE T * ﬁ‘?g-;;jibgh;c 22?4;?‘?;1’;4]@' 22 EO
H g o ol T 3
H(EO)AJE:L‘— mﬂ§§2“11£w 1001 4% apoptosis, ROS WA g EO(F&
%‘“73;17“ 4% s )8l 5744 (tunnel assay, Oz, H;0,)
3
8 e + A EO(F84)9] 9% neointima
+ aortic sprout$}e] Hu HE (53 24¢)
2= EOE GC/MSE
EHste] 48 g 100 |° carvarol, thymol®] &% HES EO(FE4)
FES o] &3 ex vivo o] Hlm
4
R s * NE A& g 43 EO(F§4)9
e mag | W | oA x3 3, AChe) wgel HE BOG
il " 84)9 &7 74
' - 2% EO(F&A)AES o¢ NO 94 I
e | 100 | eNOsel wae wa x3 wAeA wAd,
A= EO HE S ° NO)
ogd wusls (A7, A%, Aol AF — o e e e B
ARS A% | 0¥ Ax BFE | 100 17),];’ ;‘;}"(ﬁf 161;)11% el e mod
% 74 ° ®
2= EOE GC/MS=2
BAsle] ode wel — carvarol, thymole] 318 % HE
AES o] &7 5 * carvarol, thymol$} EO2] H|nL
4
MG AFA W &= o0 0 BME AFA W As AR 30008 FE
Zjel A 3,000% FrE 2 dd =22 X9 AR D
o AF ARG AxAYS Bgey] f8 F
AR W Ax/ud 93 HulE 75 € W5 A4
2 A 249 & %3 ]
g 239 qNzas 89 w | Y73, 28} AE screens A% FEY

32 24 33/4W 873 89,
A=z RE &8 EORE4 AE)9 4
EEME AANSt 427148 &S HA %
Hw (53110 =4)
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2. 224135

A 234473 Ararge | I AFAL FARE
- WE t 9 44
4% mondtepend [ SEGHEIA SHAEASY 9 wEA
o]]‘_r]]t‘ﬂ &% 51 Fo] & monoterpenefF EO—{_F‘- A2 ax
e test (ROS, apoptosis, DJ-1, Prx. Bax)
A= monoterpene + UE monoterpene EOSSAES #me9t
25 monoterpere g ba e U 0| S masEs olgwd @8
A& EO A
a3 A= A%, A%, daA « F9AsA# g HE monoterpeneF EOt
g F943 A®| 100 TR Ygs AFAFIRARNAN B
o g &% T test ¥ B A (profibrotic, apoptosis, ROS)
A%, monoterpene . ¥ monoterpenes] FEFHWASFE] B =
saag BaLl 10| Ases olese 43
Auee #% @ g |0 EBE I8V 9T FOY oA xd B,
ol¢t FE=EA &;ﬂ AChe] 9h-g¢] g EO9| &3 #F
MATEY 2d% ) o A Amol e
§§ AFel] oe 100 ggdgﬁhﬂulﬂljg EE gﬁfeﬁ—rwoﬂl g 4=
7 o It tes
W% B0 4% e \dvo ME 2-H 10 L g zaq e Boerdes w% g
o] &3 WA et ° (COX2, NF-kb, Bax, ICAM-1)
A8 /&3A AL |43 EOE GC/MS
2 E43le AL + At=Hloral waterdE U EOAES 4
g3y HRS o]&3l 100 (monoterpine &)
ﬂl’ﬂﬂﬁ‘% g4 £ * U X monoterpene?| FHLIY 5 AA
5 + ©E}A EOY ¢HAA 76“5
Qady JA5AA 40 | 1€ AAAsAel mixs 29 FO B spray
A% = A% AL AGEas Bo, BD 2g) AA
o Ab= EO9l EEde] Ui 712 ASEA 8
317] A% AE BEHAA, AFH A7) £ AH
259 HO 28 zdd me A% 489 74 L ¥ W9
Rl 10| Ty ga 29 Amzde 749 e
CE:IL %E‘ % az ‘_[L 7]'1"_." ZHQ'
Nz EONESY & ¢ 2uG FEY, 297 FEU 437 R
& RAA Wi/ EE 59 978 B 1 A =E2UE 24
% 0n SgAsalama on 8 o [ CELOe by pn e s
= A4ty AT r =o] e & o T')_.:}-L =
Vs AT H/AA Y ER —,—‘S‘_—Ei monoterpene A &£% —"F'-T%)
o AR, ARAA 2 AR HEARA A
A% EO9) a7
AAAf B o7 100 |- AFHAZ, AFAGE I8 2 AEAHH AL
AR A a7 BT 93 A
- A2 EOY BY HEL o4 B A7
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3. 3A4d =

R o ! HEATER @A (%) AFME 53 W&
A= EO ! o 7€ AEF 4= EO AES A8 35
monoterpene A A3 A AL EF &9)
e EFE AF 100 « A3 EOY w3 AA
o] A 2 AA + 1F AAFS A
. be [E A . AAE 2N
wha sagn [TEAE A%A : -
e o |9 A% R AF 100 | &% AAe HReD B AR AL
= A
A= JELS XF
@ % sdz% | 4% EO % UlE monoterpene AR TH
Ay AL # g e s AP e
AAE E4
in vito 8, #H o 1A <A AdE AF4Y F2dss AA
A n¥8s, 593 100 » 1A A AeE AF4 A9 7Es 43
stol OB A9 .« 12 AAEY AW
in vitro
x o [inflammation - AR ABY BIE 2 4% A4S AW
P s 8 =% A9 & 100 (ICAMA, NE-xB 5)
A AE &4 ex vivo SRA
SA4L 3% 44 100 o MY AFQ ex vivo HFA FA
I il
U= AEST oA 100 Ui ZAHHSE FF AL AF & € ¢
g A4d A4 ¥4
essential oil 2]
7454 ATE 0 | %8 E0Y AR FAFUSHAYLT
8 1A ¢kAA * A=r3 EO 9 A7 WREA4AFAT
Zgn
. ]’éﬁ%%% &
A W& in i =
gAY 45 S
AFPFES €&
& in vivo 9TE 100 * A58t EO 9] AXAF FAFATSAANEAT
B3 ¢hEA Fgr
14 ko] <14H90 (IRB A1 |+ <IF| o)A B35 AF(AALA 1094 vish ¢
A A] ) A &EF5#HAL BP)

A2E #AEEop 9 7)o

1 A=
0
0
0

2. 71&4 &9

185 EOY =AY Al A H4Y/AHAEY FKH
A= EO9l diZAst 2 BE8E 3 EOFYdA &5
AT AEE o8 E 28 2 TUAE A5A/4EA AL

O "A7A AHEEZ = EOY tifE2 #HE FHORE MUY, 353 59 F7HAA A4

= 05 —



S ARNES wHoE %o APl I JeEe Hd 449 B ATE
$% 21 24 AMNEL T BOY Ade Aze AA, A L A 59 29
AN F BARE FA/AA &L BT 5 UL

O 4% EOk £ A7l od ¥R F4 AL} WeFeH, FU L A44RE
8% EO9 Awe I A4S AAH AAE U AL 4 Ue. °F BT 2@
A AA/EAA] ALe FU) BB J1de] TA A4Y Huel slelF 5+ AL A
Q. B ® NRE olg3te] thE Eope) NEA, IPAZY S8 IR 71¢H BA
g 4% 5 U 2.

3. BA - AHH =9
o l";— Ad7Zo] FEG ATAFAE AFHYAZ 839 vl=, £ ¥ AA=H 348 5+ 2
= WgE 245 I AERE FUE5 ARAZAY AYHRE AAHA A FEol

e A4

O #A dFoz ¢X7t E715AE 448, EFEEE A8 7 e Hgez AFE
Ao s AAFLZA FAANZE AAT £ & A2 7|0 .

O 3’—}71 HAE A% T g ofFHo2 dutel HAE dAvd dF FA71 7538

G @4 oFETE Adsd ABAFS ARToWA B, ¥X, AT 5& BUY
%m 54—:— E37} 2old AY. @¥] FTAZL SEHE AMY 939 3 Afatde 97]
o ZustA sol AkIgol Fgl WA & gout AABAN AZE EHTE 2 5
31

4. A83 &9

O U A4 xo 2Ry FE8 45 EOY @382 ¥ Axd A o84 a7 714
£ glo = 43 EOd dig e 8A a5 i 9 Az 15

O I A9 FHES Lo EA Il A% 23 4 B 7 ofye} IHle] JAH
A A4 2Fe A=

O U AAY 53 EOL Lo =4 &3 U A4 A9 B77tA S & $55
38 4 Je 71 dE BA=2Me 47 754 4L AF
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HI ol S
5% d7E dat A dutEE A=
Ald AT &
1. A7AERADe A7 22X el
A | =2 | 8| )
= n e | € |3 | A | 7 |9 | A | 3R | A
n
29 | == |sa SHC]I g o] (A= | F - || 88| AN | 8
% | A
HFER 3 3 0 1 5 0
ER 1 0 1 0 2
JEER
4 7 2 0 0 3 2
ER 1 0 1 0 1 3 0
23pd=
2 A 2 0 0 2 5 1
=21 1 0 1 0 1 1
3Apd=
A4 1 1 5 1 1 3
3 ER 3 0 3 0 1 2 5 0
4 7 5 1 5 6 1 3 7 1
2. =FAA A=
A A A A} Vol. | =je) |SCIF
= e
g =Y FA4 | 2AAA | FFAA | A% | No) | T |
Skin regeneration effect Kyung-Jong
and chemical Hwan-Myu Won, Natural
composition of essential Mi-So ng lee, |Do-Yoon Kim,| Product 9(11): 9] ST
2014 |oil from Arfemisia Yoon, Bokyung Dae 11 Communicati 1619 1622
Montana KIm Hwan, on )
g,
Seok-Won
Yoon
Sudjarwo
Giftania w
Sudjarwo,
Seung Hyo
J] ung,
Carvacrol inhibits Donghyun
atherosclerotic neointima L e e |,
formation Dong-Youb|Atherosclero
2015 |bydownregulating Rangtale Kyuig Jong 1., Lee, |sis 2402: | =9 | sa
reactive oxygen species € on Gyoung 367-733
production in vascular Buom Lee,
smooth musclecells Suji Baek,
Do-Yoon Kim,
Hwan-Myung
Lee, Bokyung
Kim, Seong
-Chun Kwon

-1
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A A A &} Vol. | =usg [SCIF
T Ll
de ke FAA | adAA | FEAA | TeA% | Noy | T |
Chrysanthemum boreale
flower floral water Hwan-Myu | Won, Mi-So
inhibits platelet-derived .| ng Lee, Yoon, . .
205 growth factor-stimulated DO-Y];OHKJ Bokyung Ho-Jin Yu ngr];?gf:uhc 7;;’_(%4 =g | 5CI
migration and KIm Joo-Hoon 8y '
proliferation in vascular Park
smooth muscle cells
Kyung-Jong
Won, Mi-So
Chrysanthemum boreale Hwan-M Yoon,
Makino essential oil DY nmmw Dae 11 Natural
2015 |induces keratinocyte Kim B (ﬁ( . Hwang,, Product 29(6): = s
proliferation and skin K)];ng Seok-Won Research 562-564.
regeneration. Yoon,
Joo-Hoon
Park
Potential skin Kyung-Jong
regeneration activity Won,
and chemical Dae 11 Natural
composition of absolute | Do-Yoon | Hwan-Myu | Hwang, Su Product
2015 from Kim ng Lee, Jin Lee, Communicati 1% pimeaa =4 el
Puerarigthunbergiana Joo-Hoon on
flower Park, Myeong
Sik Yoon,
Bokyung Kim
4. s3I R A
A A . A A e Vol. |=u¢)| SCI
4= - FAR | BAAR | FFAA (No) | 7% | 7%
Steam distillation extract .
of santhemim D&izor‘}olgrts " | The korean
boreale makino inhibits Ho4in Yu, journal of
2012 pletelet-derived growth \Hee-Dong|Hwan-Myu| Joo-Hoon | physiology | ;  1¢ 2 SCT
factor-sstimulated Im |ng Lee Park, and
migration and KyungJong | pharmacolo
proliteration in aortic W"“'KF_;;kyung gy
smooth muscle cells
Kang Pa
Carvacol inhibits Lee, Seung
neointimal formation by Hyo Jung,
arresting reactive oxygen| .. . Sehyung Korean
2013 species-mediated G].fvtsma Bokyung Pak, Association 213 2y W] SCI
migration and sud: * |Kim Hwan-Myun | of Basic
proliferation in rat udarwo g Lee, Jung | Scientists
vascular smooth muscle hwan Kim,
cells Kyung-Jong
Won,
Effect o.f skin Do-Yoon Kim, | The korean
regeneration and Joo-Hoon | journal of Vol. 17
composition of the | Mi-So [Hwan-Myu Park, physiology !
2013 essential oil from Yoon |ng Lee Kyung-Jong and SuI;I;kime =4 scl
Artemisiamontan Won, Bokyung| pharmacolo
Pampan gy
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A A A=A Vol. SCI
Ax FA2t | ZAAA | FEAA} (No.) T | FE
Kang Pa Lee,
H
Carvacol attenuates Seu?u%\g’ ye A.n{lua] ¢
neointimal formation T hecting <
23 suppressing oy Giftania Bokyung Eul?a-rSIfOk the Korean
ROS-mediated responses s d‘g:;'wo Kim Hwan-Myung so:rlnezﬂfnor 23 = H] SCl
in rat vascular smooth J Lee, Junghwan
Kim muscle
muscle cells d
Kyung-Jong reaseah
Won
Mi-so Yoon, This S
Effect of essential oil Joo-Hoon |, i
journal of
extracted from Do-Yoon |Hwan-M Park, i Vol. 17
2013 |chrysanthemim  boreale Kim A Kyung-Jong PhyBlo o8y Suppleme | FU H|SCI
; ; ng Lee and
makino on skin Won, I colo nt I
regeneration and wound Bokyung P
Kim By
Seung Hyo
Jung,
Donghyen
Lee,
Carvacrol attenuates Dong-Youb
vascular neointima Lee, Gyoung Korean | Korean
2015 | formation by inhibiting | Kang Fa \BOKyUNg| “poyy ' e, " | Astodiation| Assodlallo | gy |
reactive oxygen species ee Suji Baek, 5l b ol
generation in vascular Hwan Scientists | Scientists
smooth muscle cells Myung Lee,
Kyung Jong
Won, Young
Min Bae
53 A%
=448 589 3¢ 58 589 A%
294d=| =349 =49 (&85 | 29915 |F59=| Eddy 55¢ | 55 |TE5¥3S
A5 w9
AEE =¥
e B
e TR s avem | ge |10202.0105
2012 |8 xE 49
FHEEe | A5 062
a4y o
v s AR
£ 4=
eI | e EiE
ede fi 2dg &
Aoz @ qEoz
A k! k-3 5 _ RS & At &1
- #3e gy i_ﬂﬂ%—h & |10-2013-0093 5% s3e gE| AU gane 10-155057
AL | g | 9F 934 AL S AP E 8
E % 9 2 R 9%
484 =4 Y8A =4
= =
= oA
Ldg #E
Aeoz I IMUHER | HE (10-2014-0178
2014 11
#5e o8| vgwEe | ww | 162
s 2 guw
ZAE

= Y~




94 5359 4% =3 5359 4%
Z499% 5359 249 (293 24945 (559%=| 5849 559 | B33 |§3vs
ge #ozm
7E F&H
O‘_g_ E
i N ¥ sxmez | 98 100014006
2014 |&le =2 A i | s i
48 98 = =
A4 sgs
ZRE
AFEE o4
4 98 #
FARLE| ;
2014 |EFEE T ENHER | 10'2[}513513'0083
A, G AsEgg | A=
3 2 gl
£ ZAE
5. &L/ IY A
7). Qg2 A%
A4 A Y EHE A5AD R kak
13
,‘_1___"_ 2019 YEAL A AL AL 71ek T o s o A 71e}A S
1=} 8 1 4 3 6 2 3 5
2%} 10 3 4 3 6 4 4 6
3at 10 3 3 1 3 7 3 4 6
6. F8/AA
AAF F FARAAS, 4FH, AFLHI F)
ik ¥ AL AANFE e Y g8dx
e 22 ) o o4
1 A A 3] AN F AL essential oil REEEE) 2013

7. 718} : EO A& F&/&894 g1 3 3 A"

- EO A& FE/E4L sMNGn(@E34F43a) Al Su (e 20%).

- ¥E71(19), W¥FE7] W), o] F£71(1H), 718} absolute F&A4vW F & F&2%
HES SR AR (BE “4 5L ol &% AFAYHE EOY AL F=).

A2E A B8A
O AAE AGE AA BEo2 AHEEE FEUAs A Ws] $53o AzE Aoz 7
TE AT AEARE FE2A ¢4 AT EGES dAT FEL A AA
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o] A2 Ao E E8o| 715 AoE V|UFH.

O B #AdA £3PE FAEA A A7 715 FAA9 2& 7z 974 94F859= A4
71T AT ool E By ol EFF AoddATed 2R J9E s AJAA
9S4 AY.

O #AZIYEY 7Ieold B AYE T AAFAL/AFS/ LIS A #H71EHY Y

A+53.

- B BANA F2/ATEH 4 AA 22U A HAHESE AT o] GFARANA
1A A JFE FA g AW £F HE FS AAF A0 WE JAES Hit
o] Agas.

- AFY BFY 1S 2 F2 MY AL AT F4E AFY FHAAANE B9 F
A#AE AYd & NFELY FHHAABAE FF) FAAR AAX Y, A3 0iF
59 FAAR AA X4 5 T =<

- QOE 9 QoES (AFE T) BE Eold AFE GAd FAAF NHd E5E Hole A
Z EO 2 FE&E f 7154 AFALE 918 449 R&D 7& A4/d # g /Ax
g 53 #3 71dd 35 97E 98 €8

- AFS/AEE H4EE AT 28 A&V T9 3 744" F: =& AHE HEe =
9RO/ FANE, £37]A8 AR} &ﬂ Hope] FAAMYY A& E FoAv|g & F
AAFEHY A&FHA FHAAE FATL AFY. ol FHAIEXNE &A L] P
AE, AA ol g AY 2 AAFANL/AEFD/FESE 93 AF/7E € FEAF
F2 WyHe] & A4
O #A e A7 24

- I 589 EO AR F&7) ALE 53 APYAES o/ 4§ =9 EO 7|¢e

2A43E A% 712AREA &8

- A Sy A qAd 2de] G54 U A #Y 2 BT AF 9% AR
AEFED AP 24 F 48R A 75,

- o] 7|2=E A¥sd ZAAY GHE 5 AEE AANFH L AF WE FUE A%
Zg.

- AR B AT dAd 299 859 Y 2 540 FR dx

- AkgE dAle] 9% AFALTIEe FANNAN LAY Gt EA0) UF dA L AHE
8 dAd AF A 9=,

- A9 2R 715 AE 1T € ARG FTE AFY vpARAG =
3171 %ﬁ}m‘l E A7A8E 3R 2 g4

L § AT 2F GT6E BETOEA BY @70 WAU BE A4 R /&8 AR
%#f& AR FY& B B AR AYFF A=,

A% BOS| Ol A2 R AEHE 59 SHAEF, oE, AFEY duz €89
- 4% EO AES FHae FEAM 5EE L AXA4A o] ST Aoz AR
3.
O F|EHEE, B9, B

e

T %)
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2 AT E2H FRABNY AT dd 0 B F2E9 s UF os A4
#7138 9 2 FEAE 71AFFE AFAe] g Aoz 449, uIA A saAF Ad
d & 6 =82 AAE 5 e 7.

- BrlHes 229 ATAAEL dAREZ HolHE AERT tEed ¥4 B3 &9
2 98 AR g &4 ¥ AYY.

- A9AY B T ol e AVUF K] HAS AT 7} A7

- A2 B0 R FEES o83 37 /154 4F Aie A% FAay

- A5 EOS] A4 #AEHE 9% FU 47 B A7A 4289 A5 EO A4k (o
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SHORT COMMUNICATION

Chrysanthemum boreale Makino essential oil induces keratinocyte
proliferation and skin regeneration

Do Yoon Kim*', Kyung-Jong Won®, Mi-So Yoon®, Dae Il Hwang®, Seok Won Yoon®,
Joo-Hoon Park®, Bokyung Kim” and Hwan Myung Lee®*
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(Received 10 July 2014; fmal version received 4 August 2014)

We investgated the effect of essential ol from the Bower of Chrysanthemum boreale
Makino (CBMEQ) on growth of human kemtinocytes (HaCaTs) and explored a
possible mechunism for this response. CBMEO was extructed vsing the steam
distillution method. CBMEO contained a total of 33 compounds. CBMEO stimulated
HaCuT proliferation (ECsy, 0.028 pg/mlL) and also induced phosphorylation of Akt and
ERK1/2 in HaCuTs (ECsy. 0007 and 0005 pg/mL, for phosphorylated AKt and
ERK /2, respectively). Moreover, CBMEQO promoted wound closure in the domsal side
skin of rut tail, This study demonstruted that CBMEO can stimulate growth of human
skin keratinocyles, probably through the Akt and ERK1/2 pathways, Therefore,
CBMEO may be helpful in skin regeneration and wound healing in human skin, and
muy ulso be o possible cosmetic materinl for skin beauty.

Keywords: Chrysanthemum boreale Makino: essential oil; wound healing:
keratinoeyte; skin

1. Introduction

Chrysanthemum boreale Makino (CBM), belonging to the Compositae family, is widely
distributed in East Asia (Kimet al. 2003, 2010). C, boreale species such as CBM have been used
as medicinal plants for reatment of a variety of diseases (Kim et al. 2003). C. bareale species
contain essential o1l (EQ), flavonoids, polvacetvlenes and some components exhibiting
biological activity (Kim et al. 2003; Lee et al. 2003). They are well known to have antitumour,
anti-inflammatory. anti-angiogenesis, anti-hypertension (Kim et al. 2010) and anfibacterial
action (Kim et al. 2003). It has been used as an important source of aromatic and favouring
chemicals in food, industrial and pharmaceutical products as medicines in many countries
(Charles & Simon 1990). EO from C. boreale species has been reported to exhibit diverse
biological activities, and the biological functions of 1ts flower EO have been studied in various
research areas (Kim et al. 2003). However, no investigation on its skin regeneration and wound-
healing activity has been reported. In this study, we extracted an EO from the CBM flower
(CBMEO) using the steam distillation method and its chemical compounds were analysed by gas
chromatography—mass spectrometry (GC/MS ). Based on this analysis, we explored the growth
effect of CBMEQ, as well as its possible related mechanism, in human skin keratinocytes and
also investigated the etfect of CBMEO on in vive wound healing in rat tail.

FComresponding author. Email: kacsital @ hoseo.edo
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A, Conclusions

This study demonstrated for the first ime that CBMEOQO extracted by steam distillation induced
proliferation of HaCaTs. Moreover, CBMEO stimulated phosphorylation of Akt and ERK1/2 in
HaCaTs. In the rat tail wound healing assay, CBMEQ effectivelv accelerated cutaneous wound
closure. Thus, we can conclude that CBMEQ extracted by steam distillation can stimulate the
growth of human skin keratinocytes, probably through the Akt and ERKI/2Z pathways.
Therefore, CBMEQ may be helpful in skin regeneration and wound healing in human skin, and
may also be a potential cosmetic material for skin beauty. However, further studies will be
required for 1solation and identification of the main bioactive constituents of CBMECO that exert
the proliferation effect in keratinocytes.

Supplementary material

Experimental details relating to this paper are available online, alongside Table 51 and
Figures 51 -53.
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Chrysanthemum boreale flower floral water inhibits platelet-derived
growth factor-stimulated migration and proliferation in vascular
smooth muscle cells

Do-Yoon Kim'*, Kyung-Jong Won?*, Mi-So Yoon', Ho-Jin Yu', Joo-Hoon Park', Bokyung Kim?, and
Hwan Myung Lee'

'Department of Cosmetic Science, College of Natural Science, Hoseo University, Asan, Chungnam Prefecture, Republic of Korea and
“Department of Physiology, School of Medicine, Kankuk University, Chungju, Chungbuk Prefecture, Republic of Korea

Abstract Keywords

Context: Chrysanthemum boreale Makino (Compositae) (CBM) is a traditional medicine that has
been used for the prevention or treatment of various disorders; it has various properties
including antioxidation, anti-inflammation, and antitumor.

Objective: The present study was designed to explore the in vitro effect of CBM flower floral
water [CBMFF) on atherosclerosis-related responses in rat aortic smooth muscle cells (RASMCs),
Materials and methods: CBMFF was extracted from CBM flower by steam distillation and
analyzed using gas chromatography-mass spectrometry. The anti-atherosclerosis activity of
CBMFF was tested by estimating platelet-derived growth factor (PDGF)-BB (10 ng/mL}-nduced
prolferation and migration levels and intracellular kinase pathways in RASMCs at CBMFF
concentrations of 0.01-100uM and analyzing ex vivo aortic ring assay.

Results: Gas chromatography-mass spectrometry showed that the CBMFF contained a total of
seven components. The CBMFF inhibits PDGF-BB-stimulated RASMC migration and proliferation
(IC50: 0.010 pg/mLl, Treatment of RASMCs with PDGF-BB induced PDGFR-J} phosphorylation and
increased the phosphorylations of MAPK p38 and ERK1/2. CBMFF addition prevented PDGF-BB-
induced phosphorylation of these kinases (1Csy: 008 and 0.018 pg/mL, for p38 MAPK and ERK1/
2, respectively), as well as PDGFR-f (1Csq: 0.046pg/mL). Treatment with inhibitors of PDGFR, P38
MAPK, and ERK1/2 decreased PDGF-BB-increased migration and proliferation in RASMCs,
Moreover, the CBMFF suppressed PDGF-BB-increased sprout outgrowth of aortic rings (ICsg
0.047 ng/mL).

Discussion and condusion: These results demonstrate that CBMFF may inhibit PDGF-BB-induced
vascular migration and proliferation, most likely through inhibition of the PDGFR-f-mediated
MAPK pathway; therefore, the CBMFF may be promising candidate for the development of
herbal remedies for vascular disorders.

Anti-atherosclerosis, chemotherapy, natural
products, vascular disease
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Introduction are a family of dimeric growth factors that are important to
the regulation of VSMC proliferation and migration
(Dammanahalli et al, 2012; Jiang et al., 2010; Won et al.,
2008). The individual PDGF monomers may be one of four
proteins: PDGEF-A, B, C, or D (Frednksson et al., 2004).
In their dimeric form, PDGFs bind to and activate a PDGF
receptor (PDGFR) that consists of two receptor tyrosine
kinase subtypes, PDGFR-x and PDGFR-}, localized to the
plasma membrane of cells. Once bound to a PDGF, PDGFRs
activate diverse signaling molecules and regulatory proteins
that contain Src homology 2-domains and thereby elicit
various cellular responses like actin reorganization, prolifer-
ation, differentiation, or VSMC migration (hang et al.. 2010;

Vascular smooth muscle cell (VSMC) migration and prolif-
eration are important in the development progression of
vascular neointima in atherosclerosis (Lee et al., 2012; Wang
et al,, 2012). These events were stimulated by various factors,
including proinflammatory cytokines and peptide growth
factors (Ross, 1999). Platelet-derived growth factors (PDGF)
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Won et al., 2011).

Mitogen-activated protein kinases (MAPKs) are also
signaling molecules important for regulating various cellular
processes in cells, including proliferation, differentiation,
and migration (Kim et al., 2009; Lee et al., 2008a.b).
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PDGF-stimulated activation of PDGFR-J participates in
MAPK-mediaied migration and proliferation in VSMCs.

In the present study, we tested the effect of the CBMFF on
PDGF-stimulated PDGFR-P activation and found that PDGF-
BB increased PDGFR-f phosphorylation, and this response
was significantly inhibited by treatment with CBMFF in a
dose-dependent manner. Theretore, it 15 possible that CBMFEF
may inhibit PDGFR-J phosphorylation to abolish its down-
stream signals, probably linked to MAPK pathway, which
results in the inhibition of migration and proliferation in
VSMCs in response to PDFG-BB, although the mechanism by
which the CBMFF inhibits PDGFR-f  phosphorylation
remains to be elucidated.

Many studies have shown that MAPK pathways participate
in various cellular functions including proliferation and
migration (Stork & Schmitt, 2002). Activation of MAPK in
VSMCs is a critical response in stimulating proliferation and
migration (Choi et al., 2009) and was involved in PDGF-
simulated migration and proliferation in VSMCs { Bornfeldt
et al, 1994; Holycross et al., 1992; Pukac et al, 1988).
PDGF increased the phosphorylations of p38 MAPK and
ERKI1/2, and elevated the migration and proliferation in
RASMCs (Lee et al., 2007a). p38 MAPK acts as a mediator
in cellular responses, including migration and proliferation in
VSMCs (Kavurma & Khachigian, 2003). In our previous and
current studies, we demonstrated that PDGF-BB stimulated
p38 MAPK phosphorylation and also induced VSMC migra-
tion and proliferation that were inhibited by the mreatment
with p38 MAPK inhibitor (Lee et al., 2007a. 2008ab),
indicating that PDGEF-BB-induced migranon and proliferation
in VSMUCs is mediated by p38 MAPK pathway.

Similarly, the present study demonstrated that PDGF-BB
stimulated VSMC migration and proliferation, as well as p38
MAPK phosphorylation, and these responses were attenuated
by CBMFF. It is reported that the flower extract of
Chrysanthemum indicum inhibits the activation of MAPKs
including p38 MAPK in macrophages (Cheon et al., 2009),
although this is a different type of cell. Based on these results,
it is possible that CBMFF may exhibit inhibitory activity on
RASMC migration and proliferation in response to PDGE-
BB, probably via the suppression of p38 MAPK phosphor-
ylation. Similar to p38 MAPK, ERK1/2 15 also reported as an
important signaling molecule that is involved in PDGF-BB-
induced migration and proliferation and was phosphorylated
by PDGF-BB stimulation in VSMCs (Kavurma &
Khachigian, 2003). These PDGF-BB-stimulated responses
in VSMCs were attenuated by ERKIL/2 inhibition as
demonstrated in our previous study (Won et al., 2008), as
well as the present study.

Therefore, these reports suggest that ERK1/2 could be a
mediator in PDGE-B B-induced migration and proliferation in
VEMCs. Moreover, the flower extract of Chrysanthemum
indicum is known to suppress ERK1/2 phosphorylation, as
well as proliferations, in cancer cells in response o
isoproterenol ( Yuan et al., 2009). The present study demon-
strated that the phosphorylation of ERK1/2 was induced in
response to PDGF-BB in VEMCs and this response was
decreased by treatment with CBMFF. CBMFF also inhibited
VSMC migration and proliferation in response to PDGF-BB.
These findings imply that CBMFF evokes the inhibition of

Pharm Bial, 2015; 535): T25-T34

ERKI/2 signal and this event may contribute to the down-
regulation of PDGEF-BB-stimulated migration and prolifer-
ation in VSMCs. Therefore, it can be assumed that the
inhibitory activity of CBMFF on PDGF-BB-induced migra-
tion and proliferation may occur through a signal pathway
mediaied by MAPKs, especially p38 MAPK and ERKI/2,
although the present study did not directly demonstrate
CBMFF-stimulated interactions between activities of two
MAPKs and two cellular responses, migration and prolifer-
ation, in ¥SMCs in response to PDGE-BB.

Conclusions

This study has demonstrated that CBMFEF dose dependently
inhibited PDGF-BB-increased migration and proliferation in
RASMCs. PDGF-BB-induced phosphorylations of PDGF-J
receptor, p38 MAPK, and ERK1/2 in RASMCs were also
decreased by the treatment with the CBMFF. Moreover, the
CBMFF also attenuated PDGF-BB-stimulated sprout out-
growth of aortic rings.

Based on these findings, we concluded that CBMFF may
inhibit vascular responses, VSMC proliferation, and migra-
tion, probably through inhibition of the PDGFR-f-mediated
MAPK pathway. Therefore, the steam-distilled tloral water of
CBMF may be useful as a promising agent candidate with
anti-atherosclerotic property. However, further research is
required to isolate and identify a key bioactive component
with anti atherosclerotic activity from the extract.
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Objective: Carvacrol (2-methyl-5< 1-methylethyvl] phenol ), a cyclic monoterpene, exerts protective ac-
rivities in a varnety of pathological states including tumor growth, inflammation, and oxidative stress,
However, it is unknowr whether carvacrol affects events in vascular cells dunng the development of
atherosclerotic neointima, We investigated the effects of carvacrol on the migration and proliferation of
rat aortic smooth muscle cells {RASMCs) and on vascular necintima formation,
Methods and results: Carvacrol significantly inhibited platelet-denved growth factor (PDGF)-BB-stimu-
lated RASMC migration and proliferation in a concentration-dependent manner. Cell wiability was not
affected by treatment with carvacrol Carvacrol attenuated the expression of NADPH oxidase (NOX) 1 and
the phosphorylation of p38 mitogen-activated protein kinase (MAPK) and extracellular signal-regulated
kinase 1/2 in response to PDGF-BB, Moreover, carvacrol suppressed the PDGF-BB-stimulated generation
of Hy0, and inhibited the activity of NOX in RASMCs, Treatment with carvacrol inhibited PDGF-BB-
induced aortic sprout outgrowth, balloon injury-evoked vascular neointima formation, and expression
of proliferating cell nuclear antigen in the necintima.
Conclusion: These findings indicate that carvacrol inhibits migration and proliferation of RASMCs by
suppressing the reactive oxygen species-mediated MAPK signaling pathway in these cells, thereby
attenuating vascular nesintimal formation. Carvacrol may be a promising agent for preventing vas cular
restenosis or atherosclemsis.

@ 2015 Elsevier Ireland Led. All fghts reserved.

1. Introduction

macrophages under physiological or pathophysiological conditions
|4]. PDGF stimulates its receptor, a protein tyrosine kinase, on the

Vascular smooth muscle cell (VSMC) migration and proliferation
are key processes in the nesintima formation that occurs during
atherosclerosis |1]. These events are potently stimulated by
platelet-derived growth factor (PDGF) [2,3], which is induced in
various types of cells including platelets, endothelial cells, and

* Corresponding authors,
E-mall addresses; skwon2028@ckuackr (5L Kwon), Kwond®klkwac ks
(K). Won )
T These authors contributed to this work and should be considered co-first
authors.

httpy (dx dotorg 101016/ jatherosderosis 2015049038
0021-91500 2015 Elsevier reland Lud All fights reserved.

plasma membrane of cells, which leads to the initiation of signaling
associated with Src homology 2-domain-containing signaling
molecules such as Src, phospholipase Cy, and phosphatidylinositol
3-kinase [5,6]. Cell signaling by these molecules induces the acti-
vation of mitogen-activated protein kinases {(MAPKs), including
extracellular signal-regulated kinase {ERK) 1/2, c-Jun N-terminal
kinase, and p38 MAPK, to promote various cellular responses
including proliferation, differentiation, and migration [5-9].
Reactive oxygen species (ROS), such as superoxide anion {05 ) and
hydrogen peroxide (Hz03), are physiological or pathophysiological
signaling molecules that participate in many functions and diseases
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formation in vascular remodeling, We found in the present study
that PDGF-BB-stimulated migration was inhibited by carvacrol in
VSMCs and that this response reached to a level up to the basal
condition without PDGF-BB stimulation. In addition to WSMC
migration, the overproliferation of these cells is anather important
mechanism in the pathogenesis of vascular lesions such as neo-
intima formation | 1,30]. The proliferative ability of various cells
including VSMCs is closely associated with PCNA expression [31]
Previous reports have shown that PCNA expression increases
markedly after balloon injury of the rat carotid artery and is one
possible target for regulation of VSMC proliferation under in vitro
or in vivo conditions [31,32]. In the present study, PDGF-BB-induced
proliferation was suppressed by treatment with carvacrol, and oral
administration of carvacrol reduced the size of vascular neointima
and PCNA expression in the neointima of balloon-injured animals
compared with the control group. These results imply that carva-
crol exerts an inhibitory effect on VSMC proliferation by decreasing
PCNA expression, thereby protecting against neointima formation.
Our findings suggest that carvacrol can inhibit the formation of
vascular neointima, probably through its inhibitory effects on both
the proliferation and migration in VSMCs. Therefore, carvacrol may
be a potential therapeutic agent for preventing or treating patho-
logical process such as vascular remodeling in restenosis and
atherosclerosis. It is well known that carvacrol is involved in
physiological functions in diverse cells including hepatocellular
carcinoma cells, neutrophils, and mononuclear cells [2324]
Although carvacrol affects the physiological and pathophysiological
functions in other types of cells, no effects on vessel function,
including vascular necintima, have been reported previously. To
our knowledge, our study provides the first direct evidence of the
inhibitory effects of carvacrol on VSMC migration and proliferation
and on vascular necintima formation.

Excessive production of ROS, such as HzO,, in response to
intracellular oxidative stress is implicated in a variety of diseases
[15,33]. Studies have shown that ROS play a major role in vascular
pathological changes that can promote cell proliferation and
migration [10,12], ROS are generated by PDGF stimulation and
promote the migration and proliferation of VSMCs | 14,1523 ]. An-
tioxidants can attenuate vascular neointima formation [34], As
described above, carvacrol possesses diverse pharmacological
properties including anticancer and antibacterial effects [35], sug-
gesting that the effects of carvacrol may relate to its antioxidant
actions [22]. In the present study, carvacrol suppressed the gener-
ation of Hz0; in response to PDGF-BB in RASMCs. Hz0z significantly
stimulates VSMC migration, and antioxidants can reduce the pro-
duction of H303 in various types of cells including VSMCs [36—38].
These findings imply that carvacrol is involved in VSMC functions
viaits antioxidant properties. It is known that 03 produced by NOX
is converted to Hz0; in a superoxide dismutase-dependent manner
| 10]. PDGF stimulates ROS generation by increasing NOX activity in
VSMCs [3 26). Our results also showed that carvacrol inhibited the
activity of NOX in response to PDGF-BB in VSMCs, Similarly,
carvacrol inhibits NOX activity in human monocytes and macro-
phages [34.39]. Although these are different cell types from VSMCs,
it is possible that carvacrol also exerts inhibitory actions on NOX
activity in VSMCs, Taken together, previous studies and our study
suggest that carvacrol may be a potential antioxidant that can
prevent the formation of the pathological lesions of atherosclerosis
such as neointima formation.

MAPKs are important signaling molecules in VSMC migration
and proliferation in response to PDGF [40,41). Direct exposure of
cells to exogenous Hz0; leads to activation of the MAPK pathways
in VSMCs [17]. ROS can be produced by PDGF stimulation in VSMCs
|14] and participate in the regulation of the activities of MAPKs
such as p38 MAPK and ERK1/2 in VSMCs [5). These reports imply

that PDGF-activated MAPKs is mediated by ROS stmulation. In the
present study, we found that treatment with carvacrol suppressed
the PDGF-BB-stimulated phosphorylation of ERK1/2 and p38
MAPK. Moreover, PDGF-BB increased ROS generation, migration
and proliferation in RASMCs, and these effects were inhibited by
treatment with carvacrol. We have shown previously that MAPK
inhibition decreases aortic sprout outgrowth and VSMC migration
and proliferation in response to PDGF-BB [2]. Our findings suggest
that carvacrol may contribute to the inhibition of the migration and
proliferation of VSMCs in response to PDGF-BB via the attenuation
of ROS-mediated activation of the MAPK pathway. The anti-
proliferative and antimigratory effects of carvacrol may relate to the
decrease in ROS generation, which subsequently downregulates
signaling via the MAPK pathway.

In conclusion, the present study demonstrated that carvacrol
inhibited RASMC cell migration, proliferation, phosphorylation of
MAPK, and NOX 1 expression in response to PDGF-BB. Carvacrol also
attenuated the elevation of ROS generation in response to PDGF-BB
stimulation in RASMCs and inhibited PDGF-BB-induced aortic
sprout outgrowth., Administration of carvacrol to animals
decreased PCNA expression and the thickness of the neointima
formed in arteries subjected to balloon injury. These results suggest
that carvacrol may exert inhibitory effects on PDGF-BB-induced
VSMC migration and proliferation by inhibiting ROS activation,
thereby resulting in the suppression of vascular neointima forma-
tion. We suggest that carvacrol may be a promising target for
development of agents for preventing restenosis and
atherosclerosis,
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Artemisia monfana Pampan {Compositae) (AMP) contains various compounds. including phenolic acids, alkaloids, and essential oil. It has been widely used mn
oriental medicine due to a vanety of biolegical effects. However, the biological activity of the essential oil from AMP (AMPEO) on skin has not been
imvestigated. In the present smady, AMPEO was evaluated for its composition and its effect on cellnlar events {migration and proliferation) related to skin
regeneration using normal human keratinocytes (HaCats). AMPEOQ, which was extracted by steam distillation. contained 42 compenents. AMPEO increased
proliferation in HaCats n a dose-dependent manner (EC 30, 8.3 ng'mL) and did not affect migration. AMPEO also enhanced the phosphorylation of Akt and
ERK 1/2 and mduced the synthesis of type IV collagen, but not type I collagen in HaCats. In addition. AMPEO promoted wound closure in the dorsal side skin
of rat tail. These results demonstrated that AMPECQ extracted by steam distillatton induced proliferation and synthesis of type IV collagen in human skin

keratmocytes. and may thersby exert positive effects on skin regeneration and wound healing in human skin.

Keywords: drremisia monrana Pampan, Essential oil. Wound healing. Keratinocyte.

Skin, the outer covering of the human body, has vanious functions,
including protection of the human body from many risk factors and
maintenance of homeostasis in the body from change of external
environment [1.2]. The epidernus, which comprises the outermost
laver of skin. conststs of keratinocytes. melanocytes, Langerhans
cells, and Merkel cells [3.4]. The keratinocyte, a main cell of the
epidernus. is known to play important roles in skin regeneration.
wound healing, and epithelialization. which results from
proliferation and migration mduced by stimuli, including a variety
of cvtokines and growth factors [4.5]. Laminin isoforms.
fibronectin, and type IV and VII collagen. the major components of
all basement membrane, are secreted and synthesized by
keratinocytes [6]. In particular, synthesis of collagen type IV
stimulates the basement membrane formation of skin [7] and this
response also plays an important role in regeneration and wound
healing of skin [6]. When an injury to skin occurs by various
causes. keratinocytes and fibroblasts proliferate and nugrate into the
wound area for re-epithelialization, and these processes are
mediated by growth factors, cytokines, and components of the
extracellular matrix such as collagen, fibronectin, and elastin [8.9].
The prevention and treatment of infection have generally been used
to promote wound healing. However, various skin cell responses,
mcluding cell migration, proliferation and collagen synthesis, can
alse play important roles in the complex process of wound healing,
as mentioned above. Therefore, development of herbal materials for
promotng of the proliferation, migration, and tvpe IV collagen
synthesis in keratinocytes may be useful for slan wound healing and
regeneration.

The Artemisia genus, family Compositae, consists of over 400
species, of which approximately 40 are found in Korea [10]. The
genus has long been used in traditional medicine for treatment of
cancer, malaria, inflammation. blood disease, and wiral infection

[11]. In particular. 4. monfana Pampan (AMP) has been used in
folk medicine and has various properties, including antipyretic, anti-
diabetic, antihypertensive, and antioxidant effects. which may be
mnduced by 1ts components. such as essential oil. volatile
components. caffeic acid, and catechol [10-12]. However. the
question of whether AMP, particularly the essential oil from the
flower (AMPEO), can affect skin regeneration and wound healing
has not been investigated. In this study, we extracted AMPEO using
the steam distillation method and its chemical compounds were
analyzed by gas chromatography-mass spectrometry (GC/MS). To
determine the biological activity of AMPEQ in skin regeneration.
we tested its effect on proliferation, migration. and collagen
synthesis in normal huwman skin keratinocytes (HaCats) and also
confirmed the effect of AMPEQ on in vive wound healing in rat
tail.

The total vield of AMPEO from 20 kg of flowers. extracted by
steam-distillation. was 0.25% (wiv; 30 mL). AMPEO contamed 42
compounds. the major ones being P-caryvophyllene (12 .8%).
germacrene D (9.9%), 1,8-cineole (7.9%), and camphor (6.2%)
(Table 1). Among the compounds identified, several. mcluding
engenel and terpencids. have been reported to have a vanety of
biolagical activities in vanous cells, mcluding keratinocytes
[13.14]. Therefore, AMPEO may exert biclogical activity,
especially a proliferative and/or nugratery effect, on keratinocytes.
We thus investigated the effect of AMPEO on proliferation and
nugration in keratinocytes. HaCats.

AMPEO increased HaCat proliferation in a dose-dependent manner
(0.0001-1 pg'ml). A significant response was obfained starting at a
concentration of 0.001 pg/mL (126.5=4.6% of contrel). and reached
a maximal response at a concentration of 1 pg/ml (173.1+4.1% of
control) (Figure 1A; n=8). However, AMPEO (0.0001-1 pg/mL)
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The flower of Pueraria thunbergiana BENTH (PTBF) contains 1soflavonoids, essential o1l components. It has many biological and pharmacological activities,
including anti-diabetes, anti-oxidants, and weight loss. However, its effect on skin regeneration remains unknown. In the present study, we isolated the
absolute extracted from PTBF and determined the role of the absolute extracted from PTBF on skin regeneration-associated responses in human epidermal-
keratinocytes (HaCats). The PTBF absolute from PTBF obtained by solvent extraction contained 10 compounds. The PTBF absolute stimulated migration and
proliferation in HaCats and increased the phosphorylation of serine/threonine-specific protein kinase and extracellular signal-repulated kinasel/2. The PTBF
absolute mduced type I and IV collagen synthesis in HaCats. Treatment with PTBF absolute stimulated sprout outgrowth i HaCats. These findings suggest
that PTBF absolute may participate in skin regeneration, probably through promotion of migration, proliferation, and collagen synthesis.

Keywords: Pueraria thunbergiana BENTIH, absolutes, keratinocyte, migration, proliferation, regeneration

Skin regeneration is an essential step in the anti-skin aging and
wound healing process [1]. It is associated with growth of skin
epidermal-keratinocytes [1. 2]. When skin is injured, epidermal-
keratinocytes of skin begin to migrate and proliferate. with
sinmultaneous synthesis of collagen [2-4]. These responses promote
skin pro-inflammatory activity and epithelialization, which results
in skin regeneration and wound healing [1. 3. 5]. Recently, many
researchers have investigated development of cosmetic materials
isolated from plants (natural product) [6]. Of the materials. lipid
extracts from aromatic plants have been known to contain aroma

injury, and weight loss [15, 17]. Yagi et al [18] recently reported the
characteristic chemical components of the essential oil from
Pueraria Mirifica, belonging to the same genus (Pueraria) with
PTB and is only distributed in Thailand, unlike PTBF. However,
there is no research on aroma compound extracted from PTBF.
Thus, in this study we isolated the absolute from PTBF, which is
distributed in Korea. by solvent extraction (the so-called ‘Absolute’)
and tested the effect of PTBF absolute on skin regeneration-
associated responses in human epidermal-keratinocytes (HaCats) to
explore whether the PTBF absolute affects skin regeneration.
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