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SUMMARY (& 8.9H)

This research project attempted to develop health—related functional foods by sounding
and revealing possible mechanistic roles of the Labiatae Perilla frutescens Britton var.
acuta Kudo as a functional food material in the prevention and treatment of cholesterol
metabolism and vascular sclerosis—associated diseases based on previous research results.
The research aim of the project was as follow: 1) mechanistic investigation of effective
compounds of Perilla frutescens promoting cholestrol efflux, 2) consistent extraction and
separation of active compounds influencing cholesterol efflux and close examination of
chemical structures of effective compounds, and 3) evaluation and proof of the
effectiveness in the prevention and treatment of sclerosis—associated vascular diseases
and the application possibility as health—functional foods of Perilla frutescens by
exploring cholesterol biosynthesis and regulatory mechanisms of active compounds of
Perilla frutescens via in vitro and in vivo experiments. Ultimately, this project presented
a fine target for developing general foods and a variety of commercial goods and
products supplemented with edible perilla extracts by improving domestic variety and
better food materials of perilla.

This research project consisted of 3 separate detailed themes: 1)development of perilla
meterials for the improvement of sclerosis—related vascular diseases due to
hypercholesterolemia, 2) evaluation of inhibitory activity of cholesterol biosynthesis and
absorption by perilla materilas, and 3) perilla product standardization, establishment of
standard sizes, safety evaluation, organic chemical analysis of extracts and fractions of
perilla materials and examination of chemical structure of its effective compounds.

There were several research outcomes worked out. To date 4 SCI papers were
published, 3 different patents applied (1 patent registered and 3 patents pending) and a
pilot product produced. This project will publish 5 more SCI papers and 2 more patents
within the year of 2015. Based on the good results from these papers and patents this
project will provide various follow—up applications and expectations: 1) introduction of
perilla extracts and effective compounds targeting cholesterol metabolism and preventing
against sclerotic vascular diseases as large earnings—farm products, 2) technical transfer
trial for the commercial goods of new functional food materials through advertising
benefits of the perilla extracts and effective compounds targeting cholesterol metabolism
and preventing against sclerotic vascular diseases, 3) manufacturing expedition of
commercial products of health—functional foods by employing secured intellectual
properties including publications and patents revealing scientific efficacy and technical
background of perilla compounds, and 4) positive application of research technologies and
skills used in this project in continuous developments of other functional natural materials

inhibiting atherosclerosis.
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(B} 28 UM 7p-hydroxycholesterol
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28 M 7R-hydroxycholestercl untreated

A EAN AEAE S —
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gAstd iy G A a o A AFE 9] autophagy’t L4 FAF WA st WAl
o] A € e A Atk AEZ O] autophagyE &1 4 A= dHEA QD vle] 21kA Sl beclinl 9
a2 9he S western blotg E3] &Qlsth. AP 2 oxysterolS A 2] 3 A3} (A),
J2] & 12A1H5H @ild 2y o] F718k9al, a-asarones A &gk A3 (B), oxysterols
3t aFRY FUEE AS A5t WA a-Asarones A A E 2] autophagy =
2 =

1GozM AZARE JAs] FAEAARFL AYY & Y& G5 AT

4N

olr

(37) a-Asarone® macrophage autophagy 3 &% -2
26 yM T-hydroxychalzsterol (2h) Fig. 37: Fig. 360l 4] &<l3sk
- 2? = TBQ’”“r”:""”“"ZSter"'B . ) e m?n autophagy | w34l
Hlo] @ k72l beclinl @] €] <l
ey LC T oA TR W35 =
o 8F+= transcriptional
factor?l LC3A varientl
(LC3Av1)& RT-PCR<
golst gl Al 2 oxysterolS A &gk A3 x7] & 2A]7Fo] transcriptional
Z7Fetd et (A). ld A ztdol a-asaroned FEEE A g3 A3} 10 uM
A gt 1FA FUtEE AL el (B). wetA a-asaroned beclinl ¥
LC3Av1e] vzl 2 transcriptional level S 3713 © 24 macrophage autophagyS 3l
(3]
>

Ast= B 7HIH

-

Ll O N Actin (500bp)

LC2AV1 (200bp)
LC3AVT (200bp)

o] -&-3f

level©]

a—asarone<

(38) a-Asarone?| AMIEALE Ao ¥ GADD34e @2 &d oA &%

®) 28 UM TR-hydroxycholesterol

o < = !
Fig. 38: Fig. 34914 7= 4 28 M 7p-hydroxycholesterol — crasarone (M)
CHOP?| &9 w0 Z=A)st= 0 1 2 4 6 8 12 B 2 { ot 110
A FAE L Folst 4 9= GADDH - o GADD34 | ——— ‘

WEAS vho] @kl on [ .. [
GADD34¢] ©ud 1dg
western blot& &3l &<lstA Tt OXYSterOIQ‘ AP R A2 A, 12-18A 7k e A

BHol FAHE AL A3 (A), slFAIZH a-asarones FE=H=Z A st 243
el wo] AAaEE AS gtk w}a}’ﬂ A ZAPE S @i st GADD349o] @il S
a-asarone®] ZAAAZ oz MNIEAES AA = g5 7HAT

10) o} Fig. 39-40% FZ4F 22 7) 9] hexane® & E ]9 9] methyl chloride
BHENAN E5 S AFXAZEHG2E B3 &% H7std .
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(39) AA=7] FZ%E 9 methyl chloride fraction® A XA 2EH X YA &%

i ?irid;l’x:_:of:tw Fig. 39: 2127 FE&&9 FU2HE FU/FF°
P = Irc.
ugﬁ;ﬁd whole H20 BuOH EA [MC] hex EH@ 824 &2 hexane fractlonoﬂ }‘1 i E]@
ATFEPS0 | e L o asaroned] A S FlEt9lth BEEH a-asarone©]
ATEG pso || iy S Aot ans i e s MG sTol A YElYE AXAAEYRE E3
Al T AL AT 7]/ AL AAsle g2
ATFG p50 — e it | ﬂi}' Oﬂm Li]La —lﬂ‘:’]‘l_. So=
Attt dFd ATEHS AEZALEY 2 O
Uhefet 2At=7] FEE 9] fraction®] B Fetax L3 A 2EHEE AT F =
Hlo] @ ARl ATF69] p90ol A ps0o. 2] AS western blotS &3 &lstdth. 1 A3},
71 2] a-asarone®] £A3}+= hexane fractions X.t} methyl chloride fractionZolA S35k
B8 Y A% sk
(40) =F=7] F&E 9 MC fractiond A FEAE =A3= AlH fraction =23 Y
Flg 40 i]—_1_7] %%%94 MC 28 PM TR-hydroxycholesterol
- 10 pyg/ml AA=7| FEF MC frc.
3 O 2= 2N % treated
fraction?] A} -8 A¥A HE - ol 1 [ 2] 3 4 5 6 7 (noofMCfic)
Q_‘—]xﬂ}:_,_O_ Flg 3501]}\1 ?_] ]’ Tq— fj‘H];O]— ATF6 p50 _— .- - e g G
A" MC fractiono| A Xt} p— -
ATFG ps0 -
AF-AH o2 fractione HTo] @
o & ABS AMau A fractiond] ATFG ps0 - — g

P AEA 2EHS A 258 3 ﬂs}oﬂﬁ} kA MC fractiond AlFH o2 7T/H=
_ 9= nlo]l 9wkl ATF62] p90ol A]
gtol kit 1 Ay AlF 29 fractionoll A 7+

AA S5 HAT AS 5@.1“ Poﬂ‘jr AT AH- fractlonoﬂ/q oG st E 7k
FaAdTEs st A2 e 19 A JAd Fol 2

S
‘:o[r
ox
e
o,

11) o} Table. 13 Fig. 41-42F S 4t 2A=7]9] hexane 3= %L
a-asarone?d &% < apoE KO mouseE 3 &% H 7134

Table. 1 : 83 X&d A& 4
wild type | wild type | apoE KO | apoE KO | apoE KO | apoE KO | apoE KO
+control | +Paigen’s | +Paigen’s | +10 mg/kg | +20 mg/kg | +10 mg/kg | +20 mg/kg
diet diet diet 227 = asarone asarone
Total 114.446 217.993 1407.742 1194.810 | 1439.273 | 1463.927 | 1767.474
cholesterol £4.532 +12.760 +87.864 +42.510 +47.232 +126.540 £70.467

HDL 76.058 56.077 13.702 4.872 29.423 11.442 39.872
—cholesterol | £3.146 +7.819 +3.680 +1.428 +0.977 +0.743 +8.886
LDL 48.825 170.381 1411462 | 1206.595 | 1422.938 | 1466.720 | 1739.047

—cholesterol | +4.268 +17.456 +89.798 +41.990 +50.224 | £125.661 | £76.719
Triglycer | 37.181 42.323 87.110 83.286 65.439 71.176 01.224
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ide +£2.952 +6.265 £7.791 +£8.994 +17.847 +3.528 +15.588
VLDL 7.436 8.465 17.422 16.657 13.088 14.235 11.445
+0.590 +1.253 +£1.558 +£1.799 +3.569 +0.706 +3.118
Atheroscl

erosis 0.508 3.367 220.882 282.144 47.904 126.770 49.006

I?de)x +0.061 +0.964 +78.973 +68.251 +0.646 +6.367 +12.810
Al

ApoE KO mouse©] 10/20 mg/kg/body weight(BW)¢] 2}=7] F% &3} a-asarones
1275t wid AR, A4S st dH S FYsta, FEE S o) & thdet
A AAQES SAHsAT 2 23 apoE KO mousel A+ total cholesterol (TC),
LDL-cholesterol, triglyceride (TG), VLDL =% & £xZ 7|23 o TGEEAA 10/20
mg/kg/BW a-asarones 47153 504 FelHoz ihstes AL &9 “5‘} A= 1%
HDL-cholesterol> apoE KO mouse L&FolA &3] Yolx AL 3
2A27] FEEY a-asarones A FFAIg OFAA FoHow F
o A3E Eg2 943X 42l atherosclerois index (ADE 4%
mouse®| A+ 33| =& A7 YES LY 20 mg/kg/BW 2 27]
mg/kg/BW a-asarone2 4753 ol FoAHor dolAEs AL 2
2127] F& 53 a-asarone< 20 mg/kg/BWe sz A FHEE uf &
Bl Wk FEoR &= s s

MIN' LN
Ml o o _I
e et J‘J
23
—O|L O
¥ 3
O “&
=
Q
% -
=

s
©
o

k. ek

o A" HEEo

o

(41) ==7] —"f—%% % a-asarone? apoE KO mouse®] 4] reverse cholesterol transport
(RCT)el #HE H 349 23 8%

oo
=1

500

" ® © Fig. 41: RCT&
400
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Byl A A=
il k) Ficf SO

apoE™ apoE™ pov
He e a4l

PLTP, LCAT, CETPE ELISAE &3l plasmaclA &3ttt PLTP= 01‘1[1 ot HgE
Holx ¢kl (A), LCATS apoE KO mouse 1394 &= wild type L& Bt} F7}3F9) A 2t
teket w59 A=7] FEEY a-asarones AT FAE AFolAE S HolA ettt
(B). 18} CETPY levelol A= 20 mg/kg/BW 2}27] %53} a-asarone®] apoE KO
mousedll A 57Fe CETP levelS oA oz A7 AL gttt wahbA 20
mg/kg/BW 227] F%%E3} a-asarones 9 U] CETPY &4 W 2dsto g H
AT ETS 43T F e 558 7T

o
o
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w
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(42) R=7] FEE 3 a-asarone? hepatic apoAl¥} SR-Bl 3 &

Flg 42: 62:]@1 lﬂ apoE-- apoE™

A B c-asarone

_ _g 12 a-asarone
HDL-cholesterol PPE(moky  (molky PPE (mgikg)  (markg)
T ——— marker WT w20 10 20

(mg/kg)
= =) = marker  WT 10 20 10 20
=7d-e W73 55 ol A

o9 FQ %k o

AR LA ghom,
apoAl1=> 7ol A SGG
g Eo] dadlow
EuE 7] e 7+
ZA o4 RNAE &8 ¥ RT-PCRS &3l &<lstatt (A). L 23, apoE KO mouse®l A
A5 A apoAlel Aol 20 mg/kg/BWe A=7] F%& %3} a-asaroneS 715913
IdFolA Skt AS gl 3k Fl Al HDLY receptor$! SR-B1 9 Al RT-PCRS
F3) g<2lst A3 (B), apoE KO mouseZwolA A3 #as i, 10/20 mg/kg/BW
a-asarones 475 IFolA FJEHE AS AT A F upAE S
Ao =EZH 20 mg/kg/BW a-asarones #2]38F 1H o4 apoAle] A4 2 hepatic SR-B19]
Aol ZFU7lEE AL #ldtar o)X a-asarones o Y HDL-cholesterolS *Z sl ¢

&g 5355 7HxIHh

hepatic
SR-B1
actin (752bp)

(500bp)

GAPDH
(224bp)

apoAl
(220bp)

O
=

ofN ik
fo
rot
182 o

2. A2A|F-FA: =7 &A9 ZALHE ALY R F5 AMLAH B}
1 ]

L

(1) & WA E(CaCo-2)E °| & A=7] F&& AXZ AXFAA FH2HE

5 Ads 37t

Fig. I At=7] F=&9 #94¥ AN8E
15000-

£ o] &3to] A W M E (CaCo-2)oll A 2]
2 o000 2o 2H% F45S 24571 98 6-Well
£ plated] 0.15 X 10° cell/mL ©] == A¥Z
£ so0o] R 4 - 7U7 WFEAT o AS F-12
: wj ek} (0.1uci/well [1.2-*H] - cholesterol)}
0- A7) 24 ABL RN B WFsect
GOQ\@‘Q@ «é‘f &é@ @éé @"f\ 6AIZF M 3 wjgA} HE FEES Lo
s ‘,;zf"c” & ,‘?“"0/ & 3mLe] Ultima Gold scintillantZ % 7}8) liquid
4?? %@‘& (" scintillationg B-scintillation counter®=
459t A4 AERE Fd2dE 55 AMAI A dxzde 2 C1976 (50ug/mL) 2}
=271 AR7 T SaAakd 4o HO, MeOH (5mg/mL) #2352 AE3HS
Ag A, dxol vls] FA HEzael Cl9760] FUAHE &4 FHE 60 % o4
BaAAR, A27] FEES Ag, FHAI F 42719 HO FelFe] 10 % 7
BN AS Sl Ee FHAT T4 A27]9) MeOH el 5ol HO #2lFuch
ZUl=HE 57 A a3t ¢3S A
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(2) 3 427 AR AL} 2YFS o183l FA2HUE F55L 574

900- Fig. 2: =7

< o, tgF&Ee

5 Ad wRE

+ dow, 1 F Ethyl acetate

ethylene chlororide (MC)Z 9]

"P ¥ s+ Qr° c HOQOAHE 2= 3N = o Uo 3lo)ak 2=

?&?&f?&/&'}‘ Y 2HE FF Aol HogS A&
e @9%@' 911t}

=
=
ol
~|
=

Relative 3H-cholesterol uptake

& &
& o
L%

o
t_'\cS'* ﬂﬁ‘g 4%;8\ #:@ %

(3) Xk&7] AN g2 E38¥ HMG-CoA reductase 84 JA% =

ol

o

Fig. 3: A=7] +9=5°]

ol ZHzHES S

HMG-CoA reductase activity

0.6 Aol oA Fagh FAl
g'z HMG-CoA reductase?] A4S
0.3 | A st== dolr 7] 8l
0.2 ..
o1 HMG-CoA reductase activity =
7 N N N B8l gttt HMG-CoA
01 &,@ @@\" g & & & & & & & & o i
& S R {\3;9‘“ é,xf ﬁé‘*“ eoﬁ q‘&f reductase assay kitE Ab-&3}4]
«5‘ - - ®7 ?’ {"’ \? s ? - = S =
IR e A ztzte] A=y RABEI FA
& & FF A S = 0] i
A A S S A A A ) 221 pravastatin, 18] 3L
A< o 5
A
HMG-CoA WHE &5
A7Veke], @4 WS Al Zak FAlo] 340nmel A 1087F 30% 7HA o R FHEe WIS
gkl st At
Ad AF, gz Hs] HMG-CoA reductase®] A3} A<l pravastatin®] 4% HMG-CoA

7
reductase®] &Ado] FElshAl TASH AL, olef FAFSE Ao =7 £8E F, Ethyl
acetate (EA)Z 253} =2t 2k=27] HoO FE&9] Fdl=HE F4 Adlso] Holxkth
A& A Q] pravastatintbEe] 3= YERA] A0 T4 HO FE55 9 A HMG-CoA

reductase®] 245 FaAT= Fd= 7= As FAs
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H A7) FFE ol A% AFA AF, Hol, T85 HAP

HMG-CoA reductase assay

— =

947 ——inhibitor_pravastatin 250nM
0.3 1 . ——*}=7]_F_MeOH_Hex 5mg/ml
02 4 - —#=7]_ZE_MeOH_MC Smg/ml
- ol ——%}=7]_F_MeOH_EA 5mg/ml
E 0 — T T T =X} =7_5_MeOH_BuOH Smg/ml
< g1 /005 1152 253 77508 85 9 9510 oo = meon 120 Smg/ml
0z | : S —— #Z7]_5 _MeOH Smg/ml
0.3 - *77]_Z=_H20 Smg/ml
04 ——%}Z=7{_%t_MeOH Smg/ml
time(min) —— %}z 7]_8t_H20 Smg/ml
3 NEL grd
350 i 30
300 —— 5
o /N* +aEE | —z —382
m . —siz —gti
T

o R

150 =0T

3

£ i :
=—=Gdnz —E3iE
100 -tz | U —imn | —57] 20

50 ==1%7 100 5 =HE7|10 5 =7=7| 100

[l

0 —T—T——— T T T T T
0F 1F F 3E & 0% 3% 6% s2 nEEnInINInY 02 3% 6% o¥ T ININuL Y

Fig. 4: ¥ A3 A}E3F 232 o]= AIN-93(American Institute of Nutrition,1982)°l <] A gt
AFRE FYEA A, 1.25% ZFdaEEo] 289 AR =g, giAd, 3=H)E Y sd
ARG AAEES HAX2A(RE 20:1C, F% 50£10%, W71 07:00719:00)91 41 o #]
ARSSE Q]I A7FE HtAlF 150£10 g9] Sprague Dawley(SD) 7 S1FHE dy o] <5
10vF A 5t o2 Ural 453 AFSERSith 712 A7 Aol dRkAbE 9F 1.25%

1Y ~HE (Research Diets) A ol& atal, A A4, SHAHEL,

A o) = (Atrovastatin 3mg/kg/day), *}=71F% % 20 mg/kg/day, AF=7]FE% 100

=
mg/kg/day®] FEZ B Ho] £AF olgstel MY AT Folsdrh AHAL
AQER AFe F 18 Ho|, $&5 AATL F 38 AR Azt gy G

AF 2k A wE, Ade A&kl A

s 2]
AHstal ARAZ FH] 5 AAT F FAE SAGFAT A3 FAdT, IR
gl dtAbolol AT, AolE S&FAF oA Z 2po]lE Fx| okt). o] atrovastatin,
A FE=0] FoAdd o5 A& @ AT AsstAY S7HAITIA FokA A st aLAtst =
FA ] AFEE O FoAFE AoE Addn
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5) =7 #289 /AFEH UF G

AST ALT BUN
701 125+ 15+ *k
sc *k
| 100+
50+ i 104
- 754 =
404 = 5
5 5 :
304 50+ 5
204
254
104
0-
0o 0 B4 SR @y %I XE
28 oM mmY ma| B4 2M o4 xml mAY GE2 U2 OIZ o 100
0z GEF OFF 0w 10 Gz UEZ 0% a2 M
Fig. 5: ¥ A% AolxAe& dukar gl 1.25% 1Z | ~H = (Research Diets) 20| = 3 aL
AT AT, SAANET, FAA N ET(Atrovastatin 3mg/kg/day), 2=71F=5 20

mg/kg/day, 2F=7]15F%E 100 mg/kg/day?] == Eol o EUE o] &slo mjd H
717

Folstgih, YT F AAERe] AFe F 18 Aol $85 WAL F 33 A4
Azl HAsAT. B AF F 23 A, 0, AP AFstel AW 52 N3] AAR
F AeAgsE ARSI B2 EWe SRS AAT F FAS SAFAL 549
#7749 GOT, GPT 4454 EA2el BUNS Z4ste] nm®asiadrh. 1542

UERE AST, ALTel A & 2
Az FEE] Gl BUF S4L welFA Gtk 2ot AFRAL RFE B
_]
o

BUN®] Aol A=A AA(95%) tha =7 HEsit

6) AA=27] FE2EY EIH SH2HE L TG Fx g IF

CHOL TG
125+ Fedkdk "ok 70+
1004 *% . 60+
50
2 T 404 . %
=] =]
£ 50+ g 30
204
254
104
0- o
Y =4 U8 HE7T HET B2y =4 o8 "I "REY
OE=x izd o=xF 20 100 Ex HEFE OEF 20 100
HDL-Chol
LDL-Chol 2
601 ek ek ]
50+ 204
e
— "k
:-E 404 % 154
D 304 £
E 10
204
104 ¥
0- 0-
BY =8 248 xmn=x7y "= 3 =4 XE m=E7I AET
=7 O=EF | Bt 20 100 =R OEF OBEF 20 100
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Fig. 6: 4577 215 & AdF5 A AP 5ES 1641 AAA 7130 CO2 vHHAII §& A5
gdxol oste] E4tsta, Ao RHE dAs A AT A AFH F 3 A, ¥,
ANFE AEste] AW 55 MRl AAG & AuAdrE AFHea AR 2 FHY FES
AAS & FAE FAAY. 8 Alss B4 A7A -70C JEarolA] Bt oh
APt 5475 ol&sto] Ao SAA, T 2HE, HDLZH ~H &,
LDLE 2E &S SAste] vl sl

A3 A HDL-cholesterol®] =0l A9 gGas Fx ko LDL-cholesterol©

TEE AZ7]FEE 100 mg/kg/day Folwtol s 99%2] A= A F <l

Atrovastatin®] =02 7AAZ 2. total cholesterol®= wFE7FA 2 2}27] FEE 100

mg/kg/day T ol A 99‘74 AN ERE FEE FaAHAT ddetA] ketA A=7] FEE

FolelA e TG =5 °F 50% 4= #AaA7IE AdE Btk 2 7] o
=z

o 1-=
Ams 4= gloy 7'4}57] FEEo] AAY Haradr) Foits AYE HoF
7) in vivo P Z R A ZY2HE YA 2288 =A

Fig. 71 7ZtZ3 9 A homogen¥#
HMG-CoA reductase Y2 S =8 microsome 5
—22pd e A=7] FEES FoIed
i SD ratZ € Zehe] -70Ce] WERT
225 AWe] 3819 cold medium I
(0.25 M sucrose, 1 mM EDTA, 10 mM
Tris—Cl1, pH 7.4)°] =91 % glass
homogenizer= ZHAF-4=31, 22,00g°] A 15%
A2 g ”%@1% Al 100,000g o1 A1
A2 A ste] R =S cold medium
[o] =o]a1, 100,000 goll Al thA] 1A1ZHES

A L=t (=] &5 : i 5 iy
g re nen o) Tl dAREeln AES AUt AAES

EDTA”} $1+ cold medium Io 5o]ar,

B3
=
L =]
'l

100+

pmole/min/mg

0

3t microsome 2.2 HMG-CoA reductased &4 =74 -HMG CoA Reductase
D542 Bach 52 Wl oa SAAE. 60 ule HFF9 2] Wk (eppi-tube)l
10 - =20 ug®] microsome protein extract, 100 mM KxPO4, 4.2 mM EDTA, 13.3 mM DTT,
100 ug®] bovine serum albumin, 5.5 mM glucose 6-phosphate, 10 mU glucose-6-phosphate
dehydrogenase, 600 IM NADPH <} 30 IM (approximately 0.1 1Ci)
DL-3-[Glutaryl-3-"*C]-HMG-CoA (PerkinElmer, Boston, Massachusetts, USA) < ¥
37CAA 307+ vESA1 713, 60 ple] HCL: methanol (3:1)< 7Fste] w85 HEFA 3 ‘:P
HES-ol S Al 2o 4] 13000 rpmoll A 1527 A E8ste] &= 25 n1< silica gel thin-layer
chromatography©l % 4 3}iL, toluene:acetone (1:1) & HA7/|-& w23} #2355 phosphor
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image screeno] :=%3lo] 91X & o} labeled mevalonolactone M=%z}l il liquid
scintillation & 4ol ¥ o] scintilation counting 3FaL, HMGR-specific activitysS =4 3}t
A A3 A=< atrovastatin (HMG-CoA reductase A A)S Fo g ol A
AR ZFY2HZgA A B4 429 HMG-CoA reductase &4 A2 A3 (dir
50%7kA]) AstE o]l AT AZFH 2B EAolE FA & FAHETLAAE dSHE
A o] vkt 20 mg/kg/day AFE71FEE Folitol A HMG-CoA reductase &4
FALE 10%8 = #2100 mg/kg/day AZ271FEE Foddo A= 2F 40%7HA
FagA o] Hgaste], =7 FEEY FddzdHE FagA ol B F-& HMG-CoA

reductase &4 &9 74 wtoz ddETh

8) ¥ 2% microsomel® ZH2HE ¥A 49 ACATS 54 4 &H

Fig. 8: Lichenstein and Brecherel 2]&l 7]< 3% ACAT

o2 A8 5. 60 ngel microsomal

proteins bovine serum albumin (fatty 1000+ sl s
acid—free, 3 mg/ml)¥} 2 mM dithiothreitol 2 i -

-
3

X3l 0.1M Sodium phophate buffer(pH 7.4,
assay buffer) 170 uloll *<lth 5 ul DMSO9]
3]A413} Drug dilutions (5 ul DMS0/200 ul total
incubation volume)< RHERITEH DMSOE
ol A ACAT activityS A 3f3}# 2k},
HH&-2 [MCloleyl-CoA (18 nM, 0.15 uCi, 8.3

b3
g

pmole/min/mg

L=
L

TN e ok TEI ORET
nCi/nmol)E ¥ 33} assay buffer 25 plE = OEF OEZ 20 100

A7 o 7R Al ZA 7] 3L (HES- o] FHFE 5% 90 M oleoyl-CoAl(cold), 90 uM albumin and
2 mM dithiothreitol¥d), 5% %9 4 ml¢] 10 pug/ml 2| cold cholesterol oleateE 3 3$}3}=
chloroform-methanol 2:1& 7}t 24 A X A7) 3 [PHlcholesteryl oleate: recovery A 2F<
£ 3t internal standard® A}-&3F1t}. Lipid extract= cloroformol ]l Silica Gel G(TLC
plate)ell & A3} i, hexane—petroleum ethter—acetic acid 80:20:1914 A 7] 3}1t}. unlabeled,
carrier cholestryl oleateZ internal standard® A}-&3}e] I, 7] 93] band’} HolE=

3} t}. cholestryl oleate bandE 4] scintilation vialell ¥ 3 radioactivity S luquid
scintilation spectroscopy®l &3a] =43t 2z} & A (inhibitor)o] i3] 5714 H=o F W&
AdE FdskAT

A A FAHETQ atrovastatin (HMG-CoA reductase A& #)S FoI gk ol A
Zd2HEFA 9 esterifying €491 ACAT (acyl-CoA:cholesterol acyltransferase) &4~

A2 oF 10%- = AstEo] e, LU 2EEAlE FA B2 gAHETAAM=

dEtl2 FAgA4 o] ettt 20 mg/kg/day = 100 mg/kg/day 227 FE5E Fo] 7ol A
E5F ACAT &4 @42 oft fhaste A4S Rion, A=r|FE550] Fu2H &
bzZA oA AEW A3 lipoprotein assembly 2] ZHU2HES FEAdol dFS o] FX
e o Addd
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3. A1Y & AA:
AFe BFS, 71ETA 48 2 A B R A2V 249 222
FSSAA &4 B FELEY 7= T

¥
H
Y
e
S

(1) F= R 8929

242£7] 2kgs HA7IE ol &ste] B4t 99.5% MeOH (20L)% 33| Wb reflux F& 3k T

Els 3 79 w5718 ol &3t MeOH F&=2 Ao, MeOH
= o] w2} n-Hexane, Methylene chloride, Ethyl acetate,
n-Buthanol 123 H,0F o2 ¢#AA o2 B85 AAetn AL 24 $IEEL 7% 559
& FAAZE 2 A3 n-Hexane layer 40g, Methylene chloride layer 25g, Ethyl acetate
layer 22g, n-Buthanol layer 116g, H,O layer 27g 41t}

(1-1) @23 2vE 1Y (Thin Layer Chromatography, TLC)E o] &3 A& HEA

A Omg-S Methanol®l]
<, TLC #A7] (Automatic TLC
Sampler, ATSAHE o]&ste] 72} A5
10u® H4 2 dx=AZT o] 9
CHCl3 : MeOH = 75: 2(v/v) Su]=&
AMAIZ F UV (254, 366 nm) =
##&35kar 10% sulfhuric acidE 2t
% 100Co A HAZEA#A band=
gelst o

—~
>
1|
—_

N
i
4o

(1-2) HPLCE °] &% & £8 EZEE &4

WD A, Absotance (CVCHEW 2 TDATANZIES TORRMNI20215_TORAMN 2020215 2225-TA031H-1001.00 MeOH crude
mpu‘l J
o T T T T T T T -
5 10 pri] 25 0 & mn
WD A, Absobance (CAVCHEV ZATDATAVMAES TORMMNIZ0Z15_TORANZ0E-02-15 2225 TADZZ- 10 O Hex fr
mH_l{ ‘K
o T T T T T T T
5 10 i fa] 2 25 20 5 Luls}
WD A, Absobance (CVCHEVM 22 TDATAVZIES TORMMNIZ015 TORAMN 202215 2225033120100 MC fr
mpu‘] MM@LM
o T T T T T T T
5 0] 15 20 25 0 I mn
WAND1 A, Absorbance (CVCHEVM 22 TDATANZIZ S TORMMIZ0215 TORAN 2022415 2225 TA03- 12010 EA
L <1 ' A e
0 T = T - T
5 o 2 25 20 ) fuils}
VDA, Absobance (CVCHEM Z2 TDATAVZIE 15 TORMMIZ0215 TORAN 2021215 22 25 TA035-1401.0y BUOH
mPJ—l‘l u r.
e
0 T T T T T T T
5 10 15 2 25 20 ] mn
WANDH A, Absobance (CVCHEW 2 TDATAVZIES TORMMIZIE_TORAN 202215 2225 TR035-1501. 00 Water i
W ]
mal
- Ju
i} A
T T T T T T T -
5 10 15 2 25 0 B mn
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Fig. 2: ¥4 Z3H 2 Agilent Eclips XDB-C18 (5 ym, 4.6 * 250 mm i.d.), flow rate 0.7
mlL/min, ©]-&7 water (A)2} Methanol (B)S AF&3Fe] 0% AB=955 3% A:B=64:36 13+
AB=60:40 22% A:B=0:100 24% A:B=0:100 26% A:B=955 34% A:B=955 & #4]3}a UV
254 nm oA HZF=3F] peaks <215

(2) n-HexaneZ JEZHH FEZE =5 2 7% 1%

(2-1) n-Hexane 8 &9 MSEA

Table 1: n-Hexane £33 &2 MSEAH

Peak tR(min) Amax (nm) MW MS (m/z) MS, ions(m/z)
1 9.63 258,279
2 13.67 267,301 652 635(100),528(8)
3 16.51 251,279 828 811(100),459(40)
4 18.40 250,329
5 19.35 241.291 225 193(100),209(10)
6 21.65 241,277,343 197 169(100),154(20)
7 31.36 228,262 195 163(100),167(40),134(25)
8 36.96 228,256,313 209 194(100),181(85),177(25)
9 43.10 230,272 463 359(100),301(95),131(85)

b a -.n . = I_..-‘;.}{‘._.._JLJJ[I&}"___J__- ,_-_-:JL_‘ M‘LJ{MJ e -\.'-u-a-‘_- _:‘n’- e
Fig. 3: n-Hexane & &2 &S 7143l 939 Finnigan Surveyor HPLC system=
o] &3}l 94} Eclipse XDB - C18 Z¥ (4.6x150 mm LD., 5 ym)& A&t AFEE
o] EAL 0.1% trifluoroacetic acid (A)$} acetonitrile (B)E U3 2 &0 7| &7 &

A

Aataith 7.5% B; 0 min, 55% B; 40 min, 100% B; 50 min, 100% B; 60 min.
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(2-2) BiotageE ©]£€3% n-Hexane ¥ E& #4]
HEX:EA EA:MeOH

19 91 73 555 37

1:9

HEN HeckBBbiotage)  366nm

Fig. 4: TLCE ©]&3}4 366nmelA =743 7%4 Hex:EA Zdoﬂﬁ 7:30] EE7} AHS 3
3}

g e, g FElxdeAE
SiliaSepTM Flash Cartridges Z#S A}-g3}
5 m/min® &, 1208 A3

] AA-53H A FH2EHE Aol Ae A4S BHAoH, 5

\|=

53 o] A3k 5&@ B Q. TLC 3 €lol A
stolstgiar, & 26709 v R xAS o] &3] st} J%—-%
2] 5}17] H*‘o‘H S 2AS st EuE AAEST

(2-3) n-Hexane ¥ 3 & £ A4E 3

o

W % 107H-°4 %

CEE) 1013 80 A

uuuuuu
iwaaaa
Hex 000,
S 4 = 2 e

active fr.

a3 a5 rose sems %0 PP BT oy s !

5381
La‘ ‘Lr ST e san g

Hex active Fr.

=
Time gmin)
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Fig. 50 &4 #8& GB3W)= &olstA welatr] 9t &v £8& AAen. =4 1134
2 (1: Heptane EAMeOHWater 6:4:6:4, 2: HeXEAMeOHWater— 8.3:1.7:8.3:1.7)=
olgdtgor, 23 1M F A5 (1), 43¢ B2 F5T F 20 Svjeas Ay

)4

A

A=S (3), =S (2)= TLCY HPLCE Urﬂ S A3 A 2,38 25 g4 S
A2 QS A5 9Y.
(2-4) n-Hexane € &8 293 EFE g 4
R | S04 24 Hers
i 2012¢ 4 A2 B sonme ————
' 2-1
| lg . H
- 1 - ﬂ $
100 :}\M-‘h“ﬂ R n 2_3
’ :; L == A J‘M,‘_ ~___,_.,.~ﬂ:w-¢_,l’w‘lt_ﬁz:f7
o I jx ' | 25 )
At “: R N : 2 g ; Mwm\g-s
i y :L-\—-MA-———A e / P"L’“""—FJIV \__

= biotage® A3 HA5tE TLCE o] &3}
671 2] 1%% e 24 %7@’5}%\ . &S 29 biotage W] A¥ 2-2014 &S
Haow vlud dxze dHS Heo 2EE 53t @Y compoundE &olstA 4& F
A= Ak g = Ak

023 38 A= el SlieE s s 4
1 I ey
1 o, 32 ,/f b |
2 s =
i, 14%¥g4 = e ~ |
e s
1‘;4_”' Tss T
I 0 D
i o i 1L

Fig. 7: &2 35 & ¥ojxl 3 A&+ biotages &3l
olgste]l F T AFE WHEC dHE =K

3-6914 24& wmlth a2y vlad S343 gHS Ko
A Fs FgRT 5 Sl Alsdrh

g ‘ﬂd blotage e A3

LN
Be 39 #r ¥ HelE oo}
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o,
i

(3) Ethyl acetate® g EZHEH F3& T 9 9z 74

(3-1) &9 FIAZvEH Y (HSCCC)E o] €3 X=7] Ethyl acetate £ &9 &9
A

...... 5
IIII
2 |
i
=0 @
= ! 7 J J N
_ —— — 3 3
.Time(m'mr)
= N
g .

Time (min)

Fig. 8 o549 %% 10 mL/mine® A¥di UV detectord #4344 280 nm=

gk 2tk Solvent system-> thFsh FEjo] &3&E FolA HEMW (hexane-ethyl
acetate-methanol-water)< 1.5:5:1:5 :LFJ L 37552 Akt 144 solvents A4S,
o] solvent= ot5= AHE3SFS] Aol #4S 10 mL/min® & 3] columnd W=

2] 9-31, HSCCC Figure Spectrum (column volume: 1000 mL)¢] ZA& 400 rpmo. = &
AL 2, ol 5] 5 S 5 mL/min SE T AR 4gS ol F 4 1A &v(25 ml/25 ml)
% 50 mLol| *9¢] sample loopdl <433t}
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Fig. 9: Fig 3-191A &8% 1-67-4]¢] 52& HPLCE &3l &<l Aoty HPLC =312
column: Eclipse SB C18 Rapid Resolution column(150 x 4.6 mm, 5 um, Agilent); column
temperature, 30°C; mobile phase, 0.1% TFA (solvent A) and acetonitrile (solvent B); HPLC
analysis, 0 -7 min,linear gradient from 7.5-55% B (0 - 40 min). Flow rate, 0.7 mL/min;
detection, photodiode array detector; injection volume, 10 ul o™, Z} 33 = 90% o]/ <]

T2E YERdTh
3-3. Ethyl acetate®3 & &9 #3 € +=279

Compound 1 (protocatechuic acid , 24.9mg), compound 2 (chlorogenic acid , 50.1mg).
compound 3 (caffeic acid, 9.1mg), compound 4 (rosmarinic acid, 549.1mg), compound 5
(luteolin, 81.4mg), compound 6 (methyl rosmarinic acid, 56.9mg)S ¥ o, %
s 'H- 2 "C-NMR, MS dlolEE %Fato] 125 FH3Ah ol ie =gz
compoune 14%-¥ 671#] <4 A3} )
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Fig. 10: '"H-NMR spectrum of compound 1
(Protocatechuicacid)
Compound 1: 1H-NMR (CD30D, 400 MHz) §
6.79 (1H, d, J=8.0 Hz), § 7.42 (1H, dd, J=8.0 Hz
and J=2.0 Hz), § 7.43 (1H, d, J=2.0 Hz);
13C-NMR (CD30D, 100 MHz) § 168.15 (C-7),
11599 (C-2), 117.38 (C-5), 122.47 (C-6), 122.47
JL (C-1), 145.73 (C-3), 150.85 (C-4); RT (retention
e T time) 5.66min, ESI-MS (m/z) 155 [M+H]+,
MS-MS (m/z) 109 [M-COOH]+; UV (MeCN, Amax nm) 259sh, 294.

80 85 80

Fig. 11: compound 2(chlorogenic acid)
Compound 2: RT (retention time) 8.6 min,
ESI-MS (m/z) 353 (M-H)—, 191 [quinic
= = acid-H]—, 179 [caffeic acid-H]-; UV (MeCN,
| Amax nm) 298sh, 346 (max).

E...
\

Compound 3: 1H-NMR (CD30D, 400 MHz) &
6.77 (1H, d, J=8.1 Hz, H-5), § 7.03 (1H, d, J=2.0
Hz, H-2), § 6.93 (1H, dd, J=8.1 Hz and J=2.0
Hz, H-6); 13C-NMR (CD30D, 100 MHz) 6
171.46 (C-9), 11596 (C-8), 147.22 (C-7), 116.91
(C-5), 11551 (C-2), 123.27 (C-6), 128.23 (C-1),
14745 (C-3), 149.87 (C-4); RT(retention time)
9.54 min, ESI-MS (m/z) 181 [M+H]+, MS-MS
] (m/z) 135 [M-COOH]+; UV (MeCN, Amax nm)

Fig. 12: 'H-NMR spectrum (Left) and C-NMR spectrum (Right) of compound 3
(Caffeic acid)

Compound 4: 1H-NMR (CD30D, 400 MHz) & 6.61 (dd, J=1.9 Hz and J=8.0 Hz), § 6.69 (d,

J=8.0 Hz), § 6.75 (d, J=1.9 Hz), § 6.77 (d, J=8.1 Hz), § 6.94 (dd, J=8.1 Hz and J=19 Hz), §
704 (d, J=19 Hz), § 754 (d, J=15.9 Hz), § 6.26 (d, J=15.9 Hz), § 5.19 (dd, J=4.3 Hz and
J=82 Hz), § 3.00 (dd, J=8.2 Hz and J=14.2 Hz), § 3.09 (dd, J=4.3 Hz and J=14.2 Hz);
13C-NMR (CD30D, 100 MHz) § 147.22 (C-4’), 150.15 (C-3"), 146.57 (C-3), 145.69(C-4),
173.97 (C-9), 16890 (C-9"), 148.16 (C-7"), 116.73 (C-8"), 75.06 (C-8); RT(retention time)
17.95 min, ESI-MS (m/z) 361 [M+H]+, MS-MS (m/z) 163 [M-COOH]+; UV (MeCN, Amax
nm) 244,335 (max).

Fig. 13: 'H-NMR spectrum (left) and "C-NMR spectrum (Right) of compound 4
(Rosmarinic acid)
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Compound 5: RT (retention time) 22.27 min,
ESI-MS (m/z) 287 [M]+, MS-MS (m/z) 153
[M-134]+, 86 [M-201]+; UV (MeCN, Amax nm)
253, 346 (max).

Fig. 14: compound 5 (luteolin)

Compound 6: 1H-NMR (CD30D, 600 MHz) §

' 6.57 (dd, J=1.9 Hz and ]J=8.0 Hz),6 6.7 (d, J=8.1
Hz),6 6.71 (d,
J=1.7 Hz),6 6.78
(d, J=8.1 Hz), &
6.96 (dd, J=8.2 Hz
and J=1.5 Hz),6

b 7.05 (d, J=1.7
lt Hz), § 7.55 (d, J=15.8 Hz), § 6.26 (d, J=15.9 Hz),8

519 (dd, J=5.1 Hz and J=7.6 Hz), 6§ 3.69 (s), §
3.04 (dd, J=8 Hz and J=14 Hz), § 3.09 (dd, J=4.2
Hz and J=14.2 Hz);13C-NMR (CD30D, 150
MHz) § 126.20 (C1), 112.76 (C2), 145.43 (C3),
148.42 (C4), 114.92 (C5), 121.82 (C6), 146.56
(C7), 113.93 (CR), 166.93 (C9), 127.36 (C1'),
116.14 (C2'), 144.82 (C3'), 143.99 (C4’), 115.12
(C5),120.40 (C6"), 36.50 (C7'), 73.28 (C8'),
T et (0- 10 (C9'), 51.27 (C10’). RT (retention time)
- 2382 min, ESI-MS (m/2) 374 [M]+, MS-MS
(m/z) (% rel. int.) 163 (100); UV (MeCN, Amax nm) 223sh, 330. A cross peak between
C-9 and the methyl proton was observed by a heteronuclear multiple bond connectivity
(HMBC) experiment.

Fig. 15 Main correlation HMBC for
Compound 6 (methyl rosmarinic acid)
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(4) Water# 8825 H 3% & 2 72 74

(4-1) Water®2 g &9 MSE 4

Table 2: Water %3 E9 MSE4

Peak f(min) Amax (nm) MW MS(m’z) MS;, ions(m/z) Compound
1 461 222,280
2 7.79 285
3 9.54 235,314
4 11.09 253,346 639 287(100),463(50) Luteolin 7-O-glucoside
5 12.93 231,267,336 623 271(100),446(50)  Apigenin 7-O-diglucuronide
6 14.48 270,336 652 635(100),546(10)
7 16.34 233,282 738 522(100)

L:
|

:%’ ,
|I%-

| ==

{

’

Fig. 16: Water® 8 &2 &S 14 3t7] 9189 Finnigan Surveyor HPLC system<=

o]-&3le] 94} Eclipse XDB - C18 Zd (4.6x150 mm LD., 5 ym)& A&t AFEH

o] 572 0.1% trifluoroacetic acid (A)9} acetonitrile (B)E U3 22 &0 7|72

A8t 7.5% B; 0 min, 55% B; 40 min, 100% B; 50 min, 100% B; 60 min.

T3k 417 5HES MSE B3 ¢ 4 ddew, gy 33 Add dHe nia 2

SAEARE o] FoAAUTS A3

(4-2) Diaion HP-20(t+ &4 F31A))E ©] &3 &

Fig. 17: HP-202 F&E&E°] F&AE &t st 54 *& 54 (&4 =4)&
15 SRTE 7 F2A FHHA g =2 (FE8E4ED S

7]1-& 1 (MeOH, Acetone)& AH&3ste] &S §EA17]+= ¥ Holtt. HP-20& 3l
A3 7} MeOH S AE ¥ 5709 fractione

A4 A3 60 % 100 %7 235 RA.

ZFA

=

AAskaL, AT
[

o Mz do oo
AC)

A ot

51 4
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RT D.00- 72.00
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200000E U.\Iachn:xlgla.u
E HP-20 0%
100000
o E 4373 49.53 52.95 £T.50
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T Viaes
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sooo0
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Fig. 18: 4] Z3 2 Agilent Eclips XDB-C18 (5 um, 4.6 * 250 mm id.), flow rate 0.7
: o =] |=] DO \=] A \=]
mL/min, ©]&% water (A)¢F Methanol (B)& AF&3lo] 0 A:B=955 3 AB=64:36 13+
DN =) DN =) DN =] DO =] O =] =]
A:B=60:40 22+ A:B=0:100 243 A:B=0:100 263 A:B=955 34+ A:B=955 &2 #4138}l UV
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Fig. 20: Silica®] %L 25 g& FAahi, A mel o
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Fig. 24: '"H-NMR spectrum
of asarone

'H-NMR spectrumel| 4] & 3.74
(3H, s, ~-OCH3), 3.79 (3H, s,
-OCHj3), 3.79 (3H, s, ~-OCHj3)&
%3] methoxy peakE ## &
= Qi § 576 (1H, dq, J =
10.6, 6.8 Hz, H-2"), 6.47 (1H,
dg, J = 10.6, 1.8Hz, H-1"°l A
olefinic proton signals ¥## &
e, § 653 (1H, s, H-3),

I6.84 (1H, s, H-6)°l A aromartic

proton signale] ## &
om wEg H-39
integralgte] 3Hol
st ghs YERH,
20407 C=Coll A Hol
cis(B)e] 45 JEkol
6712Hz 4= vpERUH
Trans(a)®] 79 J#kol
12718Hzell A vhEL=
s el
2t 3 '"H-NMR data<]
H-1'3% H-2'9] Jg<

/\01

I 658 ('H, /=166, 1.8Hz ), 6.12 ('H, /=158, 6.6Hz )22 AAte] w1 o
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Fig. 25: ®*C-NMR

spectrum of

asarone
BC-NMR
it . spectrum®l| A § 56.3
s o | (-OCHs), 56.5
1 (~OCHy), 56.7
1

(-OCH3) & &3l
methoxy carbon
S S~ P L - HX: peakE 3 3k 2=
| A, § 1979

(C 3), 1145 (C-6), 1184 (C-5), 142.7 (C-1), 1489 (C-2), 151.8 (C-4)°l| A aromatic carbon
signale] ##E3ATh ©] 9o % 2D-NMR(COSY, HMBC, HMQC)% 9] #A5E5< Fd 77+
RETLZe} A
el 2l | o | B
ST

0CHs

Fig. 26: COSY
spectrum of
asarone

f1 K2

H6 H-3
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Fig. 27: HMBC

1 spectrum of asarone
OCHs

H6  H-3 o 5
|
|| HL H2 - ?

5
C2 ¢y ¢ o3

-4

c-2

c-1

Fig. 28: HMQC

spectrum of asarone

OCH:
H6 H-3

H-1" H-2' ( |

= .OCH;—CTS.,_
i
|

o

-5

¢l

1,63
¢ GICheg

W

-4

C12H1603(M.W. 208)

Yellow 0il,10% HsSOs-anisaldehyde 24} @ H 2}A)

'H-NMR (CDCls, 500 MHz) &: 1.8 (3H, dd, J = 7.0, 1.8 Hz, H-3"),

3.74 (3H, s, ~OCHa), 3.79(3H, s, ~OCH3), 3.83 (3H, s, ~OCH3), 5.76 ‘ |
(1H, dq, J = 106, 6.8 Hz, H-2"), 6.47 (1H, dq, J = 10.6, 1.8 Hz, H-1"),
353 (1H, s, H-3), 6.84 (1H, s, H-6); *C-NMR (CDCls, 500 MHz) &:
149 (C-3), 56.3 (-OCHs), 56.5 (-OCHs), 56.7 (-OCHs), 97.9 (C-3), o o
1145 (C-6), 1184 (C-5), 124.5(C-2"), 125.3 (C-1"), 142.7 (C-1), 1489 ‘

(C-2), 151.8 (C-4)

ol ARES ZAR B3 3gEo] a-asaronelE ol FAHE A <Asarone>

Fig. 29: Structure of asarone from Perilla frutescens Britton ver.
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(7) 84 #2929
2t=7] Hex3 oA &

Sonication, =, refluxE

245,

= 24 &9
Sk Asarone?| & FEHS
S 2 1772 23S Y

o
=
Atk & 5

248 HPLCE Agilent technology 11008 AF-&3}% a1, #ngi_ column:
Eclipse Plus Cig(150x 4.6 mm, 5 pm, Agilent); column temperature, 30°C; mobile phase,
0.1% TFA (solvent A) and MeOH (solvent B); HPLC analysis, 0 - 15 min, linear gradient
from 5-509, 16 - 23 min, linear gradient from 50-100%6, 24 - 35 min, linear gradient from
100-5% B. Flow rate, 0.7 mL/min; detection, 254nm; injection volume, 10 ul 2 A8} T}

@ Sonication A3 A3 £

Table 3: Sonication &% RSM &7
sonication =9 -2 -1 0 +1 +2
X1 temp(C) 30T 35T 40°C 45T 50T
X, time (hr) 30min lhr 1hr30min 2hr 2hr30min
X3 |1 (EtOH%) 50% 70% 80% 90% 100%
£ ) &100ml X1 X X3
X3 X3 X3 . .
A& ¥10g temp (C) time (hr) | &" (EtOH%%)
1 -1 -1 -1 35T lhr 70%
2 -1 -1 1 35T lhr 90%
3 -1 1 -1 35T 2hr 70%
4 -1 1 1 35T 2hr 909
5 1 -1 -1 45C 1hr 70%
6 1 -1 1 45T 1hr 909
7 1 1 -1 45T 2hr 70%
3 1 1 1 45T 2hr 90%
9 -2 0 0 30T 1lhr 30min 80%
10 2 0 0 50C 1lhr 30min 80%
11 0 -2 0 40C 30min 30%
12 0 2 0 40C 2hr 30min 80%
13 0 0 -2 40C 1hr 30min 50%
14 0 0 2 40C 1hr 30min 100%
15 0 0 0 40C 1hr 30min 380%
16 0 0 0 40C 1hr 30min 80%
17 0 0 0 40°C 1lhr 30min 80%
FTAFAAG AN FHA(2)HETE 2% (30750T), % AlZF (6071504), 8wl % H]&

(507100%)= -2, -1, 0, 1, 2, 5HA= H 533} F/\‘ﬂ/ﬂlﬂi‘oﬂ met 1777 = A A s}

uj <-af AT

Fig. 30: Sonication 177} Z7A ¢ HPLC &4

Z2(dhg )8

sonication 177 Z4d<&

FEA 2FE7]

FEue] GYAE
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¢l asarone areait< 39
&g HPLC &4 A¥olt}. 5 7 (area 2073), 12¥

=4l

Ab-E- .
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1
|

. Asarone 0.01mg/ml " Asarone 0.01mg/ml
- - 77} g ——] §

- Area2?73 18135C, 1hr, 70%EtOH| | ™ Area:513..:.‘ 651 45°C, 1hr, 90%EtOH
Area219.1 281357, Thr, S0%EtOH | = Area:““lﬂ | 7H45°C, 2hr, 70%ECOH
- N .

: . T "

eais96s  38135°C,ahy TO4ECOH | AreaSIA2 84 45'C, 2hr, SO%EROH

-~ |
Area:1452.8 '14 40, 1hr 30min, 100%EtOH
=
o=

e

E]

"

Area:1224.8 1581407, 1hr 30min, BO%ELOH
Y

S—— S| e ——

Fy 5 )

1596), 10 =
EE

A(area 1548)=o. 52 Ze

FE 2L 5l 24

: Area:410.7 45357, 2hr, S0%ELOH | ™ Area:1027.8 98430, 1hr 30min, BO%EROH
W N % >
z Area:2073.3 [ | | 55 45°C, thr, 70%EtOH| | = Afea:1543-\i i 108 .
i | || 50T, 1hr30min, s0%EroH
- Asarone 0.01mg/m| =7 Asarone 0.01mg/ml
E = : i 3 L
-~ o Area:1084.13 118407, 30min, 80%ELOH - N s Area:lzﬂES.S\ dAo'C,lhraon:in,so%EtOHm
- i z |

% ] z ) = " e
m: Area:1595.4_)lTll'."_140“0,2hr30min, 80%ELOH = 3 e Area:126l0.3 . “40'0, 1hr 30min, 80%EtOH
7 | - z
Area:1465.8 1381407, 1hr30min, S0%ELOH : N B
5 2

2] asarone®| F=H At} wekA sonication?]

5C, 1 hr, 70%F4 o2 AT}

Table 4: A& FE2%U¥H RSM =24
A= =4 -2 -1 0 +1 +2
X3 temp(TC) 25T 40°C 50C 60T 70°C
Xz time (hr) 2hr 8hr 24hr 48hr 72hr
X3 |1 (EtOH%) 50% 70% 80% 90% 100%
£ 1] &F100ml X3 X, X3
X1 Xy X3 . .
A& %10g temp (C) time (hr) | &9 (EtOH%)
1 -1 -1 -1 40C 8hr 70%
2 -1 -1 1 40C 8hr 909
3 -1 1 -1 40T 48hr 70%
4 -1 1 1 40C 48hr 90%
5 -1 -1 60C 8hr 70%
6 -1 1 60C 8hr 90%
7 1 -1 60C 48hr 70%
8 1 1 1 60T 48hr 90%
9 -2 0 0 25C 24hr 8096
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10 2 0 0 70T 24hr 80%
11 0 -2 0 50C 2hr 8096
12 0 2 0 50C 72hr 8096
13 0 0 -2 50T 24hr 5096
14 0 0 2 50C 24hr 100%
15 0 0 0 50C 24hr 80%
16 0 0 0 50C 24hr 80%
17 0 0 0 50T 24hr 8096
ZAFAALNA SP(EADNFE 2% (257700), 7% A7 (7247, §v] % v &
(507100%)<= -2, -1, 0, 1, 2, 5PAIR FEslsto] FAFAA G wet 1773102 A3t
331
'“ Asarone 0.01mg/ml "‘ Asarone 0.01mg/ml
p S A —
= — 1tﬂ 40°C, Shr, TOXECOH | | - rea1azss | 6% 60T, 8hr, SOKECOH
= Area:856.4 ztﬁ 40C,8hr,90%EtOH “ Area:2652.8|‘ 78 60°C, 48hr, 70%ELOH
| Y. | 13 SO D
= Areas1915.7 | 3%140°C, 48hr, 70%EtOH “‘ Area:1685.6 , 84 60°C, 48hr; 90%ELOH
= Area:1608.7 || 48 40°C, 48hr, S0%ELOH Area:1671.1 ‘\ 98 25, 24hr; 80%ELOH
: IE——— ; el
“" Area:1743 )l 58 60°C, 8hr, 70%EtOH| | = Area:1864. 9| 10H1 70°C, 24hr, 80%EtOH
Asarone 0.01mg/ml Asarone 0.01mg/ml
u Area:1641.9 A 118150°C, 2hr, 80%ELOH| | - s X : 3
“" . _ 16 50°C, 24hr, BO%ELOH
i 5 5 = m Area:1073.6
. Area:2747.5| 124507, 72hr SO%EROH | - |
: - " ° ® 7 * - - . 17;_! 50°C, 24?1’;, SO%ETOHM
- Area:679.4 131 50°C, 24hr, S0%EtOH | - Area:1057.1
L :
: T 5 z z o3| - ‘M__WMM\AJJFVW
] Area:1059.7 14ﬂ50"@,24h1’,100%80 s .
“ Area:loaz.sﬁ 158 50°C, 24hr, 80%EtOH
Fig. 31: 2% 1771 79 HPLC 24
FEMS)HFREA 227 FEE FA A EQ asarone areaitg 3| Ao A3

dE 170 2715 383 HPLC &4
3 ZH(area 1915)<
He

A}olty, 128 F7(area 2747), 7TH Z7(area 2652),
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123 272 50C, 72 hr, 80% F4 o= 3kl g},



@ reflux 233 A3 24

Table 5: reflux %Y RSM %4

reflux
o _ —
(70T 2A) w9 2 1 0 +1 +2
X1 A= (g) 3g 5g 10g 13g 15g
Xy time (hr) 1hr 1hr30min 2hr 2hr30min 3hr
X3 £l (EtOH%) 50% 70% 80% 90% 100%
X3 X, X3
&7 100ml X X = NE(@ | time(hr) | $ v (EtOH%)
1 -1 -1 -1 bg Thr 30min 70%
2 -1 -1 1 bg Thr 30min 90%
3 -1 1 -1 5g 2hr 30min 70%
4 -1 1 1 5g 2hr 30min 90%
5 1 -1 -1 13¢g 1hr 30min 70%
6 1 -1 1 13¢g 1hr 30min 909
7 1 1 -1 13¢g Z2hr 30min 70%
8 1 1 1 13¢g Z2hr 30min 90%
9 2 0 0 3g 2hr 80%
10 2 0 0 15¢g 2hr 80%
11 0 -2 0 10g 1hr 80%
12 0 2 0 10g 3hr 80%
13 0 0 -2 10g 2hr 50%
14 0 0 2 10g 2hr 100%
15 0 0 0 10g 2hr 80%
16 0 0 0 10g 2hr 80%
17 0 0 0 10g 2hr 80%
TATAAGANAN SH(EZA)WEFE 2% T0CE 44, AR g (3715g), F+F A7+ (173417,

& % H& (507100%)< -2, -1, 0, 1, 2, bFA 2 FEstaste] FA4 A4 ﬂ]ﬁoﬂ o2k
1777+ o2 AdAgste] wighstalt.

Fig. 32: reflux 177] 719 HPLC &4

TEHEMMS)HATFEA 227 FE2EY A EQ asarone areaghtS 372 ol AFE-SHS
reflux 177] 2715 33 HPLC 4 A o]t} 6 Z7(area 2663), 12 27 (area 2510),
16 =7 (area 2363)c 082 W Y9 Asaroneo] FEH AT webA Sonication®] #H A €]
A 611 27492 13g, 1 hr 30min, 90% T4 oz QlH Ut

e
PN

=
=

@ WS EHEANES T 2A=7|9 HAA wigol #3 g2
Al o3t HHF9 o2 Statistical Analysis System(SAS version 9.1)
program-== A W EWS 2e87] 98 6An 2R aHS

o
= 1 = =
AVEEE T A=V FEEO BAAES Asaroned] HU F&EH Zo i3k contour map

AN
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" Asarone0.01mg/ml = Asarone 0.01mg/ml

w0
A o A

e = T |

T Area:9303 145 = — 613
, ‘ 1hr30min, 70%Et0H - i | 1hr30min, 0%ELOH
o Area7564  guisg 1= ' Areal607.8 7613
® | 1hr30min, 90%ELCH 2:_ - B l  2hr30min, 70%EOH
- Area:804.2 345g ‘ : l , Area:ﬁOQO.lr ' gk 13
| 2hr3omin T0%EOH - I 2hr30min, 0%ELOH
y Area:766.9 Mg » Area:453.4 ‘ 9t 3g
* : 2hr30min, 90%EOH = 2hr, 80%ELOH
. —— .u —————— e ————— A ]
f Aread7377 | ol - Area:2264.6 104
" o J\u 133, thr30in, 7O%EXOH - \ 15g, 2hr, 80%ELOH
Asarone 0.01mg/ml - Asarone0.01mg/ml
) i
. A 3 ) B B A e
. Area:1724.6 ﬁ 11 10g i )
1hr 80%EOH [ T
5 3 P - Area:2363.4 2hr, BO%ELOH
K Area:2510.7 124 10g -
» ‘ 3hr, 80%ELOH ) ) Y
D T . 1] di—= —
,, y Area:lS?lAJJ 12?1?51095’5&0»4 E Area:1940.1 lzi?g‘o"n}fm
‘ I " E P % - N —— ;‘u'".,-\ e
™ Area:1545.5 144 10g o . ) . _
" ‘ 2hr, 100%Et0H
Area:1686 k 154 10g
" 2hr, 80%EtOH
g S e
superimposing S92 W FHHE TEel Weldd A4 3 24 UNS dZAAT
Table 6
FHus WSEALAL B3] oj7 oA By R® 994
.. Ys=-20771+638.970917X,+1344.781564X5.188.568208X5-0.770355X,°-55
Sonication 9 , 05140  0.486
.610000X;X5-24.935521X5°-5.532000X ; X 3+13.390000X X 3-0.014681 X3
= Yc=-6469.876313-10.338182X,+52.903014X,+174.411212X5+1.309470X,°
AE ! ’ ’ ' 0.8785 0.1215

-0.291124X,X5+0.555845X,*~1.179875X 1 X3-0.698873XX3-0.656010X 5

Yr=-1836.846961+129.509998X;+336.320648X s +46.540448X 3-15.234595
reflux X 2-17.477273X,X5+134.184611X,%+4.159992X , X5-7.60000X,X3-0.42553  0.8458  0.1542
4X57
U Sonication/3 % : X5, 1] €% (T); Xy, 2 A 7Hhr); X, &4 =% (%)
2 reflux: Xy, 2F27] A 2(g); Xo, 7% AlZHhr); Xs, &9 5% (%)

TS HEA S &3 asarone?] HUl & e #g gEd] S xHEA S E3
22719 A vt ek WS- Pl A (response surface model equation) &2 ¥ d IS
o] ¢] R*= sonication 0.5140, 32 0.8785, reflux 0.8458% Sonicatione A &stiE ¥HS-1 3
Agtet Ao ® e
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Fig. 33:

(#): sonication

~

Z}#7] sonication

($-): sonication

2} 2 7] sonication
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el
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DR
e
AT
e
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el
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A7) A

=
50CoA AR =& F=8S Helt)

1o

F= 24AA B, 2R WE FE&S BY vl 80% FAAAAM, 2Re

v e &
A=7) A% 52 24X
AIZE Sfo] E &S
Wyl AZhe Aojas
) g 80% FA oA A=
=2 &S Helth

07
S 06
Ohveniqe: Oy

@ 227] reflux FE21 59 W v & BE F&0 B 429 IH=

2FZ7] reflux

B oA

Fig. 37: reflux & ZZA9 A7, &1,

2271 reflux F% oA AIZE
HH AIZEE AojdE) &l 90% 774 ol A
FE&S HoTh

A
iyl
i

f {1

=

=27 FE2ZAEY v TERA F Asaroned HUE 9& F 9E dASFET o9
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A3 A wSF

Table 7:
TEAF X, Xo" Xs" o 2k Kkl
Sonication  47.345412 1256981 59.161146 2701.248909 Saddle point
e 53.060309 69.030516 68.397673 3221.203891 Saddle point
reflux 13.513108 1.452872 90.370196 2315.304730 Saddle point

D Sonication/AZ : Xy, 9] €% (TC); Xo, 72 A 7Hhr); Xs, &1 =% (%)
Y reflux: X;, 2=7] A 8(g); X, & AZHhr); Xs, £1) 5% (%)

SAS SAEA L2 o] &3 A =7 FERANA HUE IS F U
| A5 sonication & XA &9 2% 47T A7 1A 258 S

59.16% F4olA 2701.25 area®] asarones 4 = 9

oA &ul &% 53T, & AlIZF 69A17F, &H &

asarones A= T A= Aol AFEHANOH, reflux FF 7oA A=7] A8 13g, =
455 &1 F%= 90.37% FA A 231530 areall asarones 9S F US A

A7 122 o] 2}
of % =] A o
@ AZ7] FEZHAEY WFEA F asaroned AUZ 4 F Qe GFFEH a9
g@ AA 7
Table 8:
X Xs X3 Asarone area
| 2%=(T) F& Azt &9 5%(%)
. o & %] 2701
Sonication 47 1.25 59 - .
AZ X 2099
. o & A 3221
A& 53 69 68 -
= SEE 1007.6
X3 X5 X3 Asarone area
2k271 Alg(g)  FF Azkhr) 9 FE(%)
o &&= 2315
reflux 13 1.45 90 Nz 9751 7

Table 79 Z3= w80 2 gsarone?] A=XZ 321350t} sonication F& Z oA 2099
area®] asarones 43, HEF FEF F7dA 10076 area®] Asarone= A oW  reflux
> ZHAE 27517 area®l asaroneS At}

Bl (ID7HA 2k de 7154 €89 EE8 Hate 3AdE < I

(8) BFE3he ARAE

-
N
)

A737152%F 7154 95 A4 B3 A4 (2 FH Al A2007-51%), o w=w

]
A7) 228 E falle it oz SR, 25, 94E F), 334 (&,

=
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Fig. 39: HPLC of a-asarone standards
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Fig. 40: HPLC of Perilla frutescens(x}Z7]) extraction with EtOH

st21& a1 7 Z(validation)dF & &S
=

H o Gto| A q-asaronec] W] A FAEOE AFHES
= A8 Ag5e A|ZXE a-asarone

Brkekel Adel Ay e Aok

EF¥%< HPLCH Methanolol] 10mg/mle] =& =9 ¥ 045um whol 2L e &

ol 7at gtk A%E EFY 4% MethanolZ 843kl 0.1, 0.05, 0.0lmg/mle.2 % 3712
o [

s TS AZste] AHFA A=) AREsEtE 3 227 Ethanol +% %2 HPLCH
Methanolell o] Img/ml 5% A3 A %3 F 045um vto]aA2HE 2 o ¥ste] HPLC
HAo 2 A3

Table 9: Results of the linearity study for a—asarone

Concentration(ug/ml) Area(AU)” RSD(%)
100 5879.2+122 294
50 2880.6+44 216
10 482.9+8.8 2.58
Slope 59959
Intercept -116.94
Correlation coefficient(R?) 1

2 Mean+SD(n=3)
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AT Ao 37 o))

$EE Adgstel 33 SAste] YREFEA WA E o §39 AR = DB
Solel ke A4S EUINT, EH 4 AXARES] AFRALOD A4 Fol A
BAYAEAY A% A5 Had), ARAL0Q HAF A4y e b g
o EAT 7 ol A4 F BAUY B AxE e, o W A2dAE
SN = 3, ABaAE SN=10& 71Eew Jahgir)

Table 10: Limit of detection(LOD) and limit of quantification(LOQ) for a—asarone
(n=2)

Parameter Concentration(ug/ml)
LOD 0.1
LOQ 0.3

* LOD: 3.3x(Standard deviation of the response/Slope of calibration curve)

* 1,0Q: 10x(Standard deviation of the response/Slope of calibration curve)

HPLCHl o3t e} Ade= 2F 3+

4 2 3 200 ug/ml, 100ug/ml, 50ug/ml 37}
ste] shFel H23S 3| Al

=
33to] A W(intra-day) B2AS Fatglon, 32U vk
4

TERE
A4S Adste o Zinter-day) 4247 AEAd& gt fﬂ1 58 7lEe WSS

Table 11: Accuracy and precision of the method for determination of a-asarone

Precision Accuracy
Intra-day(n=3) Inter-day(n=3) (n=3)
Added|Rt Area® Rt Area® Recovery B
(% RSD)
standard (% RSD) (% RSD) (% RSD) (% RSD) (%)°
0.2 mg/ml 0.02 0.36 0.05 2.16 92.7 1.28
0.1 mg/ml 0.02 0.06 0.01 2.8 97.6 2.26
0.05
0.02 0.44 0.02 1.64 99.2 1.23
mg/ml
Repeatability injection(n=9)

# Relative standard deviation of retention time.
b Relative standard deviation of peak area.
¢ Average percent recovery obtained from nine measurements.

d Relative standard deviation of recovery.

22 7]1E Ethanoldl A/ &3 RSMS X &stsl =, RSM HolHE $1¢ Validations
%’3}4 FEE 39U g9 a-asarone?] & dolR Y HUE A& F e 2US

43te] a-asarone FFE U S(HF=7] 3909 &-&2=1.3:10, 90% Ethanol, 70C
extraction, 2hour 30minute) 293}
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Table 12: a—Asarone content in Perilla frutescens samples

cold sonication Hot
Runs X1 X2 Xz
extraction(mg/g) extraction(mg/ g) extraction(mg/ g)
1 -1 -1 -1 16.69 6.71 20.02
2 -1 -1 1 16.90 6.08 15.27
3 -1 1 -1 31.72 14.70 16.50
4 -1 1 1 30.60 11.22 15.30
5 1 -1 -1 25.13 43.51 35.94
6 1 -1 1 27.16 10.95 46.30
7 1 1 -1 32.74 30.82 34.63
8 1 1 1 28.39 17.26 64.06
9 2 0 0 30.15 22.98 9.94
10 2 0 0 34.67 38.62 46.85
11 0 2 0 34.00 41.31 46.33
12 0 2 0 39.85 37.17 43.47
13 0 0 2 13.74 38.12 49.09
14 0 0 2 20.50 27.55 30.61
15 0 0 0 19.50 33.18 50.37
16 0 0 0 22.08 30.94 41.46
17 0 0 0 18.86 33.06 43.67

(17) AFe dZFALTR fe A2" 75 R T4 AL 294-AF 958 53 23

A= Lotl Lot2 Lot3
=7 A4-FEE(200g X 4L
F=7] T EE(200g ) 10.13 11.51 10.91
(&% 100T, ZZA7F 247D

Table 14: 393 AZFTAE X FAHAE TPC T=F WH3}

Total phenol $FH&F
Z 3 A
Az Lotl ‘ Lot2 ‘ Lot3
Y& (mg/g dry weight) 131.26 (mg/g)
2}=7] 392 FZN (5brix) 63.63 67.66 66.03
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(200g X 4L)
(% 100C, F=A1%F 2411

P
ArF=)

(mg/ml)

(17-3) 8| AF AzxTH BF3d

Table 15: E|¥ AZFAE XN EAHE TPC & W3}

Total phenol €&

(% 100TC, FEA17F 33)

(mg/ml)

Z 3 A
e Lot1 | Lot2 | Lot3
= (mg/g dry weight) 131.26 (mg/g)
2=7] A3k g (1.5g)
100ml, Q=%
(100ml, S55=) 193.89 196.24 190.27

2p=7] d4-FEE 2 Total phenol 2
LA 9 Aow AeE

(17-4) Capsule A¥ 3= 93t

a-asarone H o] = FE=ZU RSMAA %3l F
5

771, 70°Col A 241 3F 30+

Table. 16: Capsule A ZFAHAE A&

A& a-asarone & F W3}

@ —asarone

Az Lot1 [ Lotz [ Lot3
45 (mg/g dry weight) 8.03
F%% (mg/ml) 19.47 19.74 20.20
&= (60brix) 97.40 95.55 94.64
(mg/ml)
EAAZE (mg/g extract) 47.84 44.70 46.24
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2A27] FEE 39Y g9 a-asaroned FS dolR il FHU) A g
o] a-asarone HHFFE S FHste] 53 v G430

Al 2 AF-oM (F=7] FEFF 20mg/kg/dayF-El 100mg/kg/day7FA] 7F A1 ZAd o] o gk o &
2 ol Y FH2EHE R TGs=o tigt 93, Fel2HE dA 2494 SN 255
ok A AHATES] 1/6= Abge] AAH S A 20mg/kg/days AT = A=
71 19 AFASEF 12g/60kgs & 1085%°] HuE S d
130.2mg/60kg(2.17mg/kg) o2 # A3 v XA = AL BHS u SAHIF EFad Ao

= AlmET,
(18) AFS vdd 84 4 7le & A AT W&

(18-1) A&7 FEE&F9 dAs A4 E < TPC(total polyphenol contents)d %,
DPPH(1,1-diphenyl-2-picryl hydrazyl) 334 &4 2 A F& =7 ¢ (RSM)

Table 17: Range of coded and actual values for central composite design

. Coded level
Independent variable Symbol i 1 0 1 5
Temperature(C) X1 50 60 70 80 90
Liquid to raw material ratio(mg:g) X2 33:1 43:1 53:1 63:1 73:1
Ethanol concentration(%) X3 0 10 20 30 40

.

s, AH By 5

’

et

Az7) FEES ol g3l s

27

9} ##9lE= TPCS DPPHE
= SMS 3 sldtt.

o
fob
i)
_0|L
N
do
ol
s
BN
Y
ftlo
fob

o
2
j=9)

Table 18: Central composite design with the observed responses for Perilla
frutescens

N X1 %2 X3 Total extraction TPC DPPH
© Yield(%) (mg/g) (JAE, %)
1 60(-1) 43:1(-1) 10(-1) 19.50 86.56 31.38
2 60(-1) 43:1(-1) 30(+1) 16.76 93.30 27.11
3 60(-1) 63:1(+1) 10(-1) 19.51 82.99 21.99
4 60(-1) 63:1(+1) 30(+1) 18.34 94.08 33.00
5 80(+1) 43:1(-1) 10(-1) 21.46 94.76 39.83
6 80(+1) 43:1(-1) 30(+1) 20.88 99.86 36.89
7 80(+1) 63:1(+1) 10(-1) 22.09 93.93 38.50
8 80(+1) 63:1(+1) 30(+1) 23.26 94.68 31.19
9 50(-2) 53:1(0) 2000) 17.41 87.35 39.73
10 90(+2) 53:1(0) 2000) 22.85 92.54 33.47
11  70(0) 33:1(-2) 20(0) 20.30 94.76 35.65
12 70(0) 73:1(+2) 2000) 21.02 88.55 40.87
13 70(0) 53:1(0) 0(-2) 22.25 80.49 28.06
14  70(0) 53:1(0)  40(+ 2) 14.86 99.58 21.99
15  70(0) 53:1(0) 2000) 17.46 98.96 49.32
16  70(0) 53:1(0) 2000) 17.88 98.52 58.24
17  70(0) 53:1(0) 2000) 17.55 106.60 66.12

_80_



Fig. 36: Sigma plot

(ma/a)

showing the effects
of different

extraction

Tgtal phenatic contents (malg}

Tela) phendic contenls

parameters in

Perilla frutescens.

Table 19: SAS Z2 13 & o] &%

Maximum Response
R-Square Stationary point X1 X2 X3
(Temperature, C) (sample-solvent ratio, (Ethanol
P ’ mg/g) concentration, %)
e 0.8911 saddle point 87.06 31.68 21.34
giﬁg_ 0.7684 saddle point 84.73 41.47 12.92
TPC )
(me/e) 0.8013 maximum 78.77 19.80 31.99
mg/g
SAS =213

S o] 83Fo] R-Square ¥ Stationary point, Maximum response=
R-Square @< E5F 0.7 o]do 2 940 A& Ho]F% i, Stationary point
DPPH < A& ol 4] saddle point (+4)S BRIt &, DPPH 9 A&, TPCol A
Maximum ResponseE WEFY I AT},

1

2~ o
= 5 4

Table 20: SAS T2 IS o] &3 HAHZALY AR 2 A=x 9

Predict value Experimental value
TE(%) 24.969 22.686
DPPH A &(%) 38.13 78.11
TPC(mg/g) 99.21 131.26
SAS =271
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(8-2) A=7] Z2Y2HE #4d & 7]A2 Xanthine Oxidase A &2 &2 2 FuE
A% B A+

Xanthine oxidasei= A W 3 thAlell #ejsh= @424 xanthine H+=
hypoxanthine & 258 24t3 Ak, of sAolH SN L-TS AT 24ko] 3est7
ArrEo] A HellA S7hEH By =9 A sl HFH dSS BT
o] Qldle] B W ANAAFRS doitta A &% N A= xanthine
oxidase®] A 3lsS 43t FA s

(14
ALY
2
¥ e
£
k)
kD

1A EFE oxidative stress =719} lipid peroxidations € © 71t} Xanthine oxidaseZ

AA|stH Superoxide M-S JAIst= A 22 7| %ol 7] Wz 1A FES Bt
o] &3t = gt} x=7]E o] 83l Xanthine oxidase AslTS SAR I A=A S
&ko] 3] Wt}
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Table 21: X}Z7] Fraction'® Xanthine oxidase A& 3¢l

Fraction  Concentration(mgmL™?) Inhibition (%) ICs0(mgmL ™)

0.2 42.79

Total 0.05 11.86 -
0.01 0.00
0.2 24.31

Hex. 0.05 10.01 -
0.01 0.00
0.2 18.23

MC. 0.05 3.96 -
0.01 0.00
0.2 100.58

EtOAc 0.05 45.07 0.04
0.01 8.78
0.2 41.13

BuOH 0.05 17.78 -
0.01 2.15
0.2 2.20

Water 0.05 0.00 -
0.01 0.72

) 0.05 76.42
Allopurinol 001 57 46 0.004 (Reference)

Oll

oA &5 &<l

2}27] Fraction® Xanthine oxidase

199S uf Ethyl acetateZol A £&
A4S Ho] Ultrafiltrationg E3dle] JAo] #dse= 3gE

& gastgeh,

— 0

2+ 2=7] EtOAcZol 4] Xanthine oxidase &3 A &Alo] 7} £k7] w&o] EtOAcES
o] &3}o] Sephadex LH-20S 227] EtOAcE 6g2 =49 3}e] Methanol 40% A 7§-& vl =
S Fo] My

=0 FEJIEAZ SEPHADEX2 #4

mAL
. wbz\/;
5 nin
T 1

L]
T T T T
24 :) 140 """ K+l 220 240 Z‘E L] 2,5 o 0.0 2.0

Flg 39: EtOAc%‘-4 Xanthlne 0X1dase 9121] ’é—‘?'— % Compound 5, 99
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Table 22: Activities of the related compounds to inhibit xanthine oxidase

No. Compounds Inhibitory rate (%)% IC50 (ug/mL)”
1 Protocatechuic acid 22.58 WI
2 Chlorogenic acid 21.32 WI
3 Caffeic acid 26.07 WI
4 4-Methoxycinnamic acid 22.02 WI
5) Oleanolic acid 29.68 WI
6 Rosmarinic acid 28.79 WI
7 Luteolin 64.51 3.06
8 Methyl-rosmarinic acid 26.51 WI
9 Apigenin 58.37 10.26
10 5,7, 4-trimethoxyflavone 36.85 WI
- Kaempferol-3-O-rutinoside 25.09 WI
- B-sitosterol 17.46 WI
Allopurinol 46.02 17.64

a) All of the concentrations were 10 ng/mL, when the inhibitory rate was determined.
b) WI, weak inhibition, inhibitory effect < 50% at 10 pg/mL

w2lE 13714 SE FolA dAlEo] Ald =2 IFES I A3 79 Luteolind 9
Apigenin®| 10 pg/mLol A 50% o]/e] A &S Holy & A4S YelAtt

(8-3) A=7] 80% Methanol =& 2 a-asarone? determination of reducing power

gl

Table 23: Z+Z7] 80% Methanol <& 2 a-asarone®] Fe3+ 348 &<l

. . 750nm
= % (mg/ml) Final (cuogr;cr:r?lr)ltratlon ' 2] i
quercetin 80% Methanol a—asarone

10 1176.471 2.257 2.164

5 588.2353 2.446 2.225 2.009
117.6471 2.314 0.74 1.073

0.5 58.8235 2.009 0.493 0.649

0.1 11.7647 0.522 0.151 0.121
0.05 5.8823 0.375 0.1 0.071
0.01 1.1764 0.109 0.046 0.044

=7] 80% Methanol F&% % a-asarone®] Fe3+ 23138 o] &3t 343l5 3 (FRAP)S
15t S u x=7|9 =& dstE S Fodd 4 AT
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Fig. 42: HPLC off-line coupling2 °]&3 FRAP &<l
Ferric Reducing Antioxidant PowerE ©]-&3}o HPLC off-line coupling= 3} < o,

A
a—asarone¥} Rosmarinic acidol A =& A4S el = A S &0 5 o

O

(8-4) x}&7] 38 & ¥ A AL3(Thiobarbituric acid reactive substance) A &

ol

57

At=7] 80% Methanol 5825 =4 ¥W& £83 28 E° TBARSE 433t

A A Bk sk(lipid peroxidation)© A& A&l EXxSFA L] AT HT7bE o] #kske

A Ao}, o] A2 2 7](free radical) ZH-E A EL} Z= AL ojmf gt A A
el Aol datstd g MEe] FaFAAERA AAAES TS EEA WAL

Ahafre] 7)o Agste] AIA "k Fakst A AL A EEe] v E RS A AR X Tkl of A]
719 Afukgste] FAEE MDA (malondialdehyde)S AAHetH, MDAY: A 24 9}4A4l3} 9
A EZ ARSETH

Table 24: x}=27] £8¥ TBARS (malonaldehyde A &) &<l

positive - - - - -
trol erol HEX% MCS EAS BuOHZ Waters
contro contro
(BHT 1mM) (10mg/ml) (10mg/ml) (10mg/ml) (10mg/ml) (10mg/ml)

Oday 4.64 6.88 7.22 6.24 5.71 7.85 4.09
lday 4.79 2.47 3.48 8.64 7.03 9.34 7.02
3day 7.22 6.56 6.32 8.54 7.17 9.46 6.01
Sday 7.41 6.87 6.63 8.83 8.44 9.62 7.12
7day 7.41 6.87 7.24 8.83 8.44 9.62 7.12
l4day 7.77 3.25 8.58 8.67 8.31 9.64 4.39
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Fig. 44: ER-stress Ao &% °] = x=Z7] MC% HPLC pattern
ER-stress gAl2 %] A+ 2A=7] MCZE=L Silica gel2 ©]-83}°] open columns % 3§33t}
AN 8E MCE 3g8 o]&3dg o, A/l&v= HextEtOAc 2:1, 111, EA¥t S o2 EZ¢ 5 &
2070 9] fractiong Y-t}
™ 6.fr
o : DAD1 B, Sig=254,10 Ref=300, 100 (141014C2TFR.D) 7 .fr

Fig. 45: x}=7] MC% Silica gel ¥3 ¥ ER-stress g A &4 peak &<l
Silica gel= ©]&3}o] 20709] fraction® = Uir 2F=7] MCZEoll A ER-stress & A 24 o]

2 6, 7H fractions &8t} o] ¥ Sephadex LH-202.2 ] #7] 3tom &4 245
TZEEY T
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Fig. 46: xt27] MC% +%%4 %< 'H NMR data
(8-6) AF=Z7] MCE I E ER stress A EZ FEXFHEE A% 371 JEEF

DG ol s S BF AR o] gt AA-HA Fw) A=vtE T (High-Speed
counter—current chromatography, HSCCC)E ©¢]&3}e] 2=7] MC +3&9 A&

welshgiet,

20ml¥ AT § Sample 2g°l 53 stF& 42 F 40mle] &viel

Sample 2g< =< & HSCCCel| FYA AT

Flow ratex= Sml/min®. = 10&°l 1719 test tubeZE o} 1709] test tubed 50ml*
wokom, guf Hl &S Methanols xZ T3S ul, 0.1%H 37b4] &2F 0. HSCCC RPM->
4000] 21 2™ Head to tail ¥21S o] &34t}
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Fig. 50: X}27] MCE I EJA £ 77}x ¢33 E 'H-NMR data
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Fig. 54: HPLCE o] €3 Fa4 =7 g4 %%

retention time 28%-t 2] peak”’} a-asaroneo]™ o] HolEE HF3dlo] X A|E o <A HUIE
A5k
Table 25: Contents of a—asarone accelerated test sample
Z1ZH L

o Hx 1704 2714 3714 4714 5714 671<4
N Y G

i} 14.56 14.46 13.39 13.03 12.88 12.36 10.57

3t 2 (mg/ml)

(£0.3) (+0.24) (£1.09) (£0.5) (£1.35) (£1.2) (+£0.33)

u = GES Hrtelr] f1s Aldoelth 6 MY ek Ado] MyHon, 7F ATt Fd
293 Al 29| a-asarone?] #EHS Hi 13.04 mg/mlol il 671 €] 7HEAE S B3 B A%
I HuF A 12719 FrErIsde R AA o] 7T

(10) AAEF AZ-AFAH(ZAE 4F)
Ble 54 37 AAE 5 BeEdHe ADATE Al AFES AR, AAEFS
WHEAT X5 3712TCE 7FEetd], 1
Cellulose 50, 75, 100mg= ¥ aL, 1#7Foll 40rpm
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4. Astel FH3Fol| mek FAY, &2 Aol val FHAA o4As 2

ol
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rot
o
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 ASHAN FAQSIA B ALY &S HEo] RAHH AF FAFES AT TAES
ol9lol= AHEEtA] S 4y E-YT

A HRIFAS TR A =7 2pe] A
o] o] 109 (43.5%)01 RN o™ o529 A A3
'S 33] o]AFo] 224% % eI FA}

o=
L= 1723 o]skt 28.7%
e s b, froldel Aol gl Aow e,

2 =gk,
fape] o] mhe BsAL A Feleq

HAE AF olgaA ¢
wol WE WA 27405, F 38 o $e W 34How 23 O Bk 9
2y dmeAt T 1728 ola) #3 % 33 o] welA Wrhe Foldol ggom o
2ol A BH 364, BTUA BN FY 41402 Y

(12) AF3pAA e AdE AT A=7|2% s34 S AL

O sk Aol we ge] Wrol MY vro &3} el AN SAa 174 W &=
Holn Awstarh Az F s BAol $5ete] AUA BRE UehlE A7 9eA
Eaho] A ‘

SIs) R gtal HPLC WA gt v s T FE0l Bol H= Hle= s s

Table 27: 2t=7]:3 H&E ABTS

=75 1=} 2} 3t Hd JAE (%)
0:10 0.675 0.637 0.653 0.655+0.005 57.03946
1:9 0.989 0.979 0.968 0.9791+0.028 34.36843
2:8 0.914 0.91 0.905 0.910%0.009 39.20149
3:7 0.863 0.875 0.848 0.862%0.011 42.54028
4:6 0.572 0.577 0.564 0.571+0.008 62.92318
5:5 0.782 0.781 0.788 0.784+0.014 48.02708
6:4 0.795 0.766 0.777 0.779%£0.004 48.33061
7:3 0.775 0.771 0.773 0.773+0.009 48.77422
8:2 0.954 0.95 0.958 0.954%+0.012 36.09619
9:1 1.15 1.151 1.151 1.151+0.016 22.3208
10:0 1.089 1.071 1.098 1.086+0.009 26.85034
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Fig. 57: At&7] &= Ex9 HPLC A& &4

2} 27] Farabe] FEE-S HPLC(Agilent technologies(Germany) 1200, column : ZOBAX
SB-C18 4.6 x150mm at 30C. The mobile phase consisted of two solvents: trifluoroacetic
acid(0.1%5, V/V) in water (A) and methanol (B). A linear gradient starting with 0% B was
installed to reach 1096 B at 10min, 30% B at 15min, 50% B at 25min, 100% B at 25 to 35

min. The flow rate was 0.7ml/min and the injection volume 10ul. detector is 254nm)=
2HE Avelnt,
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Table 28: x=7]:4= H]&¥ ABTS

Mg
EEY] = A

10 0 2076.31

9 1 1682.47

3 2 1482.71

7 3 2576.14

6 4 3906.25

5 5) 3862.47

4 6 3669.26

3 7 4221.38

2 8 3636.05

1 9 3405.47

0 10 o884.12
$AE G2o)57e) waw HPLC AA8Y 2% 318 4% 427 0 +33 109
Mg AARA ol 1 A Uk A=Ak Bol v gl A=) 3 FHA 79

O e Awaw gl Al A bl c ool el o 5209 FR) £ A

O & Al A 7T H 2=7] 2 Az 34 Ul

O A T4 =7 d& A HaE o RS Addste] AAgH. A
2k=7] e Eoll ZAAEEA AlHE L ARkl Ae B W F Ad dx A7 o] &
A7l & o]&3ste] 05 - 15 ecm A7 = ddstA dagtt

2oy FY A=Y g shvheelt AEHSE] ¥ 200-250C
al

% >
A 1587 HE He T 9 B 27 AL 158 e uy YL 73

==
v 31T}

@ XTF ¥4 9e FAY v FAS 72 HES 327 98 Aeow Wi &
ETES AASI L 2FSAY, BA7E AFESlY =7 4S5 100-200 mesh7t H =5
=3 = g A x7]E ol&sle HuEow yAAsE xFFTHS MYt}

150Cel A 1-42F | F 250Co 2keollA 5-7xF |5 3 x=7] A
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427 o Crolyphenol ¥ Flavonoid ¥¥ Fa¥shs

(g/100g) (g/100g) (%)
12 9 0.020 0.234 16.48
22 HS 0.031 0.328 19.67
32 0.013 0.245 11.36
47 H& 0.063 0.474 31.93
52 W& 0.067 0.492 36.09
63 H& 0.071 0.505 38.78
T2 H& 0.241 1.349 73.13

250C el A 1-42F H5 & 150TC¢] &%oA 5-8xF W& g 2=7] At

Polyphenol 3% Flavonoid ¥ # IAI3ts

Az27] o

(g/100g) (g/100g) (%)
12 9 0.066 0.443 34.00
22 | 0.124 0.859 5457
32k & 0.093 0.703 35.32
47 55 0.118 0.766 44.32
52k w5 0.072 0.422 29.43
62 H 0.136 0.818 53.53
72 1S 0.266 1.464 88.71
82 H& 0.199 1.078 7777

® 150C9 &xoA] 1-8xF €& 3 x=7]x

Polyphenol &% Flavonoid &% At3ls

Rz7] A

(g/100g) (g/100g) (%)
123 9+ 0.049 0.384 38.09
27 95 0.123 0.738 51.25
37§ 0.055 0.339 20.22
47 95 0.084 0.453 13.85
5 © & 0.054 0.321 40.17
64§+ 0.027 0.290 22.65
T 95 0.065 0.453 18.56
82 |5 0.054 0.408 25.42

250°CAA 1-42F 918 3 =7 =}
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Polyphenol $t% Flavonoid $tF I35

N
[N
14

(g/100g) (g/100g) (%)
17 95 0.054 0.370 18.56
22 W& 0.049 0422 25.42
32 W 0.084 0.453 31.65
42F |98 0.135 0.734. 51.45

O f19 AlxeAdS 714 250ClA 1-42F H5 §F 150T] =4 5-84F H&dtes =1
olgste] A=7] AT AFHAR AU AAFES M2 AL ST FE FAR
AP AT I o AF WA A AUHE DR AAT b5,

r

RO s ABL AR AQY AT(IEA
A

AP 71E 447k o] Hof glomz 3

o HE @)
>
ot
f
b
fl 3y
1o
et
oX,

O:
M
l:oil
o1r
o
ol

e
of\
N
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. oS 2Bgo R

31%351 /\L;(} o]-oﬂ E]HH z‘ﬂ/\]oi = 9)\1{_ -],_1_7 >
—Z

12+ S
15g2o & o] Fojxglon 7|& AlfHE Fo|FA o2 EFH
A F e T oud AAR 28] AFe] RS F

= = =
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EEME Ik
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AILA 524 ZH-A AR At elat
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R Lt ol il -
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o1z | LB8 B FF T A ECaco DF o cabzo] Az AR
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e 2 nyz
3% REHE Fgn 100 507 7 SR
A1E 5 A
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7= E AA H,O £ E25EH FaAE
P I R % 9 x4 3
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a2 FEE « Z+el A 2l E 18 9] (HPLC),
4 Rk ] == BIoaB TLC ¥ MPLC, CPC 5<%
L sk & BYE245YH = LL,
FAARAL I gane w2 vz gy | 0 8 FEE ¥ 3
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dEok Vedd 7dx

1) SCI &=+ “Park et al., Sage weed (Salvia plebeia) extract antagonizes foam cell

formation and promotes cholesterol efflux in murine macrophages, 2012, Int J] Mol Med,

30(5):1105-1112.7& Ao =2 v ehxp=7]

ZU2HES 75 B0 W FHENFET s FRE sk MEE 7154

FEEe] AAEANN AFAE FE B

oA e

2) SCI =i “Park et al., Purple perilla extracts allay ER stress in lipid-laden macrophages,
2014, PLoS One, 9(10):e110581." & AlA g zH =27 FE2E AXA 2EH 2 A
3 AXA~EY s HAE Aot Auet dad 2SS BHAoR S AlokaA] wE
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3) SCI =% “Park et al., Purple perilla extracts with a—asarone enhance cholesterol efflux
from oxidized LDL-exposed macrophages, 2015, Int J] Mol Med, 35(4):957-965.” &
Ao ZH a-asarones X3S A=7] FEE AFHEANA Y cholesterol effluxE
FXete A2 AN AA da2 2 758 AFAA N 7)o

4) SCI &=+ “Park et al., Alpha—-asarone alleviates ER stress—mediated apoptosis in
7B-hydroxycholesterol-challenged macrophages =% ¥+ 23} LDLE¥Y oyt o Aksl=
HE 9 oxysterolS £33 A A Fo A AFA 2EHAE iR T A FZAPES A=

alpha-asarone =22 27|54 AKX F7

5) 53] 10-2015-0120495 ‘#4=7] F%E E& Ay -opIES Fidlt FHEUAT

Mg AF 2HE 2 A58 I3 2A4E 24§ 58l oo &S Tt 227

FEEY FATHAEST A8 2AERAY Ve AFaAL ka4 B B Tl
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7) SCI &=+t “Paek et al., Rapid identification of aldose reductase inhibitory compounds from
Perilla frutescens, 2013, Biomed Res Int, 2013:679463.” % A Aoz Hg 4 92 A
Zlsell disk dR T

8) 58] 2015-0077595 ‘Ah=7] FEES EFsle Fe s
< |

ZAE 9 oo AW E08 EFo] =Ry 2EE Yo = oA} B
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O Park et al., Sage weed (Salvia plebeia) extract antagonizes foam cell formation and
promotes cholesterol efflux in murine macrophages, 2012, Int J Mol Med, 30(5):
1105—-1112.

O Paek et al., Rapid identification of aldose reductase inhibitory compounds from Perilla
frutescens, 2013, Biomed Res Int, 2013: 679463.

O Park et al., Purple perilla extracts allay ER stress in lipid—laden macrophages, 2014,
PLoS One, 9(10): e110581.

O Park et al., Purple perilla extracts with a—asarone enhance cholesterol efflux from
oxidized LDL—exposed macrophages, 2015, Int J Mol Med, 35(4):957—965.
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O ‘Antioxidant activity and optimization of condition for extraction of a HPLC method for

O

the analysis of a—asarone from Perilla frutescens =55 HZE WA ZFo 9o A
¢t5 % International Journal of Food Science and Technology A dell Al &%
‘Dietary compound a—asarone alleviates ER stress—mediated apoptosis in
7B—hydroxycholesterol—challenged macrophages’ 3L (Molecular Nutrition & Food
Research) ¥ ©] revision F°l <.

‘Cholesterol—lowering effect of polyphenols from Perilla Frutescens in
hypercholesterolemia rat induced by high cholesterol diet” 3L (Food Research
International) =] AAF Foll Q1.

‘Ultrafiltration liquid chromatography for screening and isolating potential xanthine

oxidase inhibitors from Perilla frutescens =52 2 Fol oW wlEH-g Ao gl
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O 'Free—radical scavenging properties and antioxidant activities of Perilla frutescens'
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O ‘a—Asarone prevents advanced atherosclerosis by promoting autophagy in
oxysterol—laden macrophages’®] data &HE vlFalsle] 20151 129 ol Fa &
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Aoz dFLAolM +Eet Adsr=d:

ST HEEFAA QAAEY 4T 2 X5 8A 7|-dd dF 7« E 45 (Moore
KJ and Tabas I., The cellular biology of macrophages in atherosclerosis. 2011, Cell,
145(3):341-355)

A A EE esto] mE A3 (I, A AS, 40 4dss 5)dlA 78 98-S o
S ENAsSe 53 A5 v 3o monocytes’t apoB-A T A Foll o] 3
LR dAdesa, A5l BT = e A EE T Wubd H&F o] bt
AdE FAsHAA AA 555 AT 53], & AFoA Fagh F3& g2 A2
ZelzHE A2 L A4 e AE 71 2 A3 37 A S48kl A

2 Az e] atolt), t A M ET7F gFet A& Z35F= componentsel] 93l AlE U
AA5E fdstar, ol= Qg A M e AMES FAeHEsTS uSs AsA 7= dde
2A=3

A A EZe] AME S fdsles 99 gy HZde AxA 2EYAT E F5S v
ATE kA oxysterolS E3EteE thdgh @ 54 f B JFom Qg LA
ZEYAE T3 dAAEY AMEE At o] FAERAstTS AT F e AMES
B 71de] & = vk T Ve ws AWM ot A=v) e 47 st Fel oigh
8B5S A7) o WA AXA AEY R 93 443 JAET A e
AF=7] 27154 B gk AAAMAS gREy]d Fdsitte AEAAS 7HE o

Perilla frutescensd] A& E+ ¢ x oz AYTA 7|5S 7= dd §358 A&
ATE Y3 AR YJF(Igarashi M and Miyazaki Y., A review on bioactivities of
Perilla: progress in research on the functions of Perilla as medicine and food. 2013,
Evid Based Complement Alternat Med, 2013:925342)
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