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SUMMARY

<Development of Processed Product with high—functional

perilla leaf>

Part 1 : Biobud Kim Jong Tak

I . The title of study

Commercializing and putting to practical use of the high—functionality perilla leaf

II. The purpose of the study

In this research, the characterization of roasting conditions for high functional perilla
leaf is given. This research is focused on the high functional perilla leaf of which the
commercialization is expected to bring an new source of incomings for agricultural

producer, mean while, the consumption is going to be raised.

M. The content and the scope of the study

By studying the sensual characteristics and functionality of roast tea/seasoning made by
perilla leaf, the optimized condition for roasting is to be determined. Roasting
temperatures are 120~200C, and roasting periods are 15~35 minutes. Temperatures and
periods are set to be independent. Furthermore, taste, smell, and color are variables
subordinate to previous two independent variables. By considering these variables, the

optimal condition is determined for the development of high functional sesame leaf.

V. The result

During the process of selecting experimental candidates of perilla leaf, the Bora perilla
leaf and Namchun perilla leaf were selected and being prepared for the first roasting
process. According to the evaluation process, the Bora perilla leaf has shown the best
preference during the 25 minutes roasting at 160C, where as the Namchun perilla leaf

has shown the best preference during the 30 minutes roasting at 140TC.



During the sensual characterization process for the development of perilla leaf
seasoning, the Namchun perilla leaf has shown the best preference at 140C with 30
minutes roasting, whereas the Bora perilla leaf has shown the best preference at 120T
for 35 minutes roasting. Nevertheless, both Namchun perilla leaf and Bora perilla leaf
have shown better preference at 160C with 30 minutes roasting and 100C with 30
minutes roasting respectively. According to above results, we make the seasoning

prototype product.

V. The outcome of the study and further plans

The characterization of roasting condition for high functional perilla leaf, as well as the
functionality research on it, are expected to bring new market and new value added
products. Furthermore, it is expected to bring new source of incomings to the agricultural

industry.

Part 2 : Korea University Lee Kwang Won

I . The title of study

Evaluation of functionality and safety utilizing high—functional perilla frutescens extracts

II. The purpose of the study

Evaluate the antioxidant potential, liver protective effect , and skin—-whitening
effectiveness by manufacturing and freeze-drying perilla extract which contains secondary
metabolites. In addition, in order to confirm the safety of consuming this high functional

perilla extract we performed the single dose and repeated dose toxicity studies.

M. The content and the scope of the study

Analyze contents of caffeic acid and rosmarinic acid which are considered as  the
functional indicator of perilla extract through HPLC analysis, and evaluate the antioxtidant
effectiveness  through polyphenol, flavonoid, DPPH, ABTS, and FRAP assay.
Liver—protection functionality was measured by using HepG2 cell line and SD rat while its

whitening effect was measured by applying B16F10 cell line.



V. The result

Bora and Namchun breed were selected as candidates because of their high
functionality and customer’s tastes. Finally Namchun breed cultivated by 6% sugar water
was selected. Namchun breed cultivated by 6% sugar water has high increment in its
antioxidant ability, high customer’'s preference, confirm that it is excel in both
functionality and productivity. Compare to normal perilla, perilla cultivated by 6% sugar
water has higher liver-protection effectiveness. Normal perilla and high functionality
perilla both do not show any sign of skin whitening effect.

In toxicity experiment by using animal model system, single dose and repeated dose do
not cause toxicity in both high concentration (2000 mg/kg) and low concentration (1000

mg/kg) by oral administration of extract.

V. The outcome of the study and further plans

The theory of this research was published at “Food Chemistry 119(2), 724-730(2010)”
with the title “Isolation of caffeic acid from perilla frutescens and its role in enhancing ¥
—glutamylcysteine synthetase activity and glutathione level”, and paper with title
“Protective Effect of extracts of perilla frutescents nurtured with sucrose aqueous on
oxidative hepatotoxicity” was submitted to “Food Chemistry’. In addition, the patent of
this research is pended with the title "Liver protection, liver disease prevention and
treatment composition which contains functional perilla extract” (10-2011-0040273).

Based on the results of this study, we able to produce the functional food for liver
health by perilla leaf, also we create added value for agricultural product and increase

national competitiveness.

Chapter 3: Korea University Lee Ho Kyeong.

I . The title of study

Establishment of culture conditions for high functionality perilla breed.

II. The purpose of the study
Develop growth regulator, study plantation period adaptability and growth regulator

treatment to adjust bio—synthesis of phenolic composition and establish culture condition

_8_



for high functionality perilla. Besides that , we also measure its gene expression through

molecular biological experiment.

M. The content and the scope of the study

In order to harvest the perilla which produce high secondary metabolite, we first grow a
variety of breed of perilla in different culture condition and sort the high flavonoids content
perilla line. Develop growth regulator to optimize perilla growth, study physiological and

molecular characteristic of secondary metabolites under optimized conditions.

V. The result

Report shows that anthocyanin and polyphenol synthesis and their accumulation in cells
was affected by the plant’s hormone itself. Based on this reference, we selected 5 breeds
of vperilla leaf for hormone treatment and measure their anthocyanin contents.
Nevertheless, result shows that perilla leave cultivated with sucrose has higher

anthocyanin compare with any other perilla leave treated with hormone.

V. The outcome of the study and further plans
The theory of this research was published at “Hort Science, 2009, 44(7), 1907-1913” with
the title “Flavonoid Compounds Are Enriched in Lemon Balm (Melissa officinalis) Leaves
by a High Level of Sucrose and Confer Increased Antioxidant Activity” and published at
“Plant Science, 2009, 176(5), 678-686)" with the title “A mutation in ELAI, an
age—dependent negative regulator of PAP1/MYB75, causes UV- and cold stress—tolerance
in Arabidopsis thaliana seedlings”. Besides that , paper with title “The ethylene signaling
pathway has a negative impact on sucrose-induced anthocyanin accumulation in
Arabidopsis)’was also published at “Journal of Plant Research, 2011, 124(1), 193-200".
Besides that, the development of regulator which boost up the synthesis of anthocyanin
secondary metabolites was patented with title “A regulator that induce synthesis of
anthocyanin in plant”(10-2009-0021670)

Based on the results of this study, we expected to bring an added-value product for
agricultural producer by commercialize the liver protective functional food through
registration of functional food material. In addition, it may help to raise the national

competitiveness.
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Table 1. Levels of roasting conditions in experimental design.

Levels
X Roasting conditions
-2 -1 0 1 2
X4 Temperature( C) 120 150 180 210 240
X Time(min) 5 10 15 20 25
3) 229 T4
A9 A % A=Yl 2a" AL hd AL vY 249 EE Lddy 2aY SR
120, 150, 180, 210, 240Col A Z=2+e] 5, 10, 15, 20, 2omino. = AAdo] ZA® 313l o] v
AadlA e zasdod enwsis ERCEAS AFEstel sdns FUREL o
2 Ao} zAS WA W ZA55)
4) #5232 #2347}
7y x271e] 22" & AJ59] Taste, Flavor, Color #54 F4H7IE f3to £ A 49

3
3 wgst o4 5 0We) B 9o Adsd APEAT 9
L=
-

3lo] 233 & Taste, Flavor, Colorel] 3l 7 3 57 wtxd oz v t} 5

[ < i U T 5

(1) AL ol 8a &, A= ALE A A4 =2

u

A
AAare] Ped FHEA B g, Mo o] AAE ZAE AP mE
29} 2.

=4 71+ Table
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Table 2. Experimental data for organoleptic scores and electron donating ability

under various roasting conditions of perilla leaf by reponse surface methodology.

roasting conditions” organoleptic scores”
Exp. No.

Temp(C) time(min) Taste Flavor color
1 210(1) 20(1) 34 3.2 3.8
2 210(1) 10(-1) 32 3.0 3.2
3 150(-1) 20(1) 1.8 1.8 14
4 150(-1) 10(-1) 2.0 1.8 14
5) 180(0) 15(0) 2.2 24 2.8
6 180(0) 15(0) 3.0 24 3.0
7 240(2) 15(0) 3.0 2.6 3.6
8 120(-2) 15(0) 2.0 1.8 2.2
9 180(0) 25(2) 2.8 3.0 3.2
10 180(0) 5(-2) 2.2 1.8 1.8

UNumbers in parentheses are the coded symbols of levels of roasting conditions for entral composite design.

2>Orgamolep‘tic score; bpoint scales

Z M 2| roasting condition® Table 20| Met &0l 228 22X & 210TC0ol2 A[Zb2 20&8¢ A

o= LIEtRtCE

-20°Coj|l M S & -20°Cof|M S &
ral- P bl = A= Al7ICh
£8211.68% 482 43.50%

EAY AXFES BW AZ

oK

Ao 9le] mAxs} o] APsgon o u HF FEHE
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FE2 508%°H, FEAY T2 AE 100 g2 7oz IdH 79 AH-$ caffeic acid=
807 ngol™, rosmarinic acidi 4,817 ng o]t} T3 W E79] A$ caffeic acid 958 ug,

rosmarinic acid 3,817 pg ©]t}.

3. A7), AR, W AR 5 At A4 dAH= AR AE ? a7

7}, A A7}
QWA 66 (1849 7] %)
13 Helw 2002

Al Ao Qu (k7 2 da o)

66m* 3 A7) Aty 74
L ey — T
T': 1:‘5’] %3] 1:‘5/]%/3’ kg% H] I} kg% H] I}
2o | e | ARkt = S =
1 g 0 kg 2,170 100% | 4,280 100
A EL S’EXX) [¢)
N 4170 o
3 d860g/1 £ (12kg/200 4 ) 16,000 ” 2170+2.000) 192%6 6,280 147
A 4,310 O

A7 61~123%7F 75l o), kg'd di7bA L 31~62%7F U, w75 AdoR
AAH ] 27F dvfd A A= olE o] §lg Aoz wudr

. A

Al Akeke] Aol glow, A7 AHgleivt mEam AYAs A 59 o 7

e U7 G Aol dou 3 d HEd md A" A A wepeAe 4 o

o el AZA

Aeld el A Aele =42 5 gl
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Fig. 2. Picture of perilla frutescens leaf(Namchun, Bora) after roasting

Table 3. Levels of roasting conditions in experimental design for perilla leaf Tea.

Roasting Levels
conditions -2 -1 0 1 2
Temperature(C) 120 140 160 180 200
Time(min) 15 20 25 30 35

Table 4. Levels of roasting conditions in experimental design for perilla leaf

seasoning.
Roasting Levels
conditions -2 -1 0 1 2
Temperature(TC) 100 120 140 160 180
Time(min) 20 25 30 35 40

o] z}ol7} WA =
AL AlEE FH]) Y
= AE AFE s scale-up FAAA 22" 7)A

Aol ®staklvh shANE o] 1AdRE A

(2) 229 A¥
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Table 5. Experimental data on organoleptic scores of perilla leaf(Namchun) under

different conditions of perilla leaf tea roasting.

Roasting condition Organoleptic cores
Exp No. Temp(<C) Time(min) Color Aroma Taste Overall
1 180 30 5.8 54 4.8 5.6
2 180 20 5.9 5.9 5.7 6.0
3 140 30 5.1 5.7 45 5.3
4 140 20 45 5.9 5.9 5.8
5) 160 25 6.8 6.5 6.4 6.5
6 160 25 6.7 6.5 7.0 6.7
7 200 25 3.2 34 3.1 3.3
8 120 25 5.5 4.1 46 5.0
9 160 35 6.5 6.0 5.2 8.7
10 160 15 5.7 5.2 5.6 5.5

Table 6. Experimental data on organoleptic scores of perilla leaf(Bora) under

different conditions of perilla leaf tea roasting.

Roasting condition Organoleptic cores
Exp No. Temp(<C) Time(min) Color Aroma Taste Overall
1 180 30 5.5 54 5.3 54
2 180 20 5.9 5.2 5.3 52
3 140 30 5.9 5.6 5.6 5.8
4 140 20 6.2 54 5.0 5.8
5) 160 25 5.9 5.7 5.6 8.7
6 160 25 5.8 5.6 5.0 5.5
7 200 25 3.2 24 2.7 2.8
8 120 25 5.2 5.0 5.1 5.1
9 160 35 6.0 5.8 5.6 5.5
10 160 15 5.3 6.1 5.3 5.5
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Table 7. Experimental data on organoleptic scores of perilla leaf(Bora) under

different conditions of perilla leaf seasoning roasting.

Roasting condition Organoleptic cores
Exp No. Temp(C) Time(min) Color Aroma Taste Overall
1 160 35 49 5.7 6.0 6.2
2 160 25 5.8 5.7 5.3 5.7
3 120 35 6.3 5.5 5.4 6.0
4 120 25 5.5 5.2 5.0 4.8
5) 140 30 5.6 5.5 5.4 5.8
6 140 30 6.8 5.3 6.2 6.3
7 180 30 35 3.7 3.1 3.2
8 100 30 6.3 5.3 6.1 5.8
9 140 40 5.1 4.8 4.9 5.3
10 140 20 6.0 5.3 6.0 5.9
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Table 8. Experimental data on organoleptic scores of perilla leaf(Bora) under

different conditions of perilla leaf seasoning roasting.

Roasting condition

Organoleptic cores

Exp No. Temp(C) Time(min) Color Aroma Taste Overall
1 160 35 2.8 4.4 4.3 4.3
2 160 25 3.7 4.2 4.7 4.6
3 120 35 0.9 2.0 0.7 2.7
4 120 25 4.1 4.3 4.3 4.3
5 140 30 3.2 3.2 3.6 3.3
6 140 30 39 4.2 4.4 4.4
7 180 30 1.8 2.8 2.4 2.3
8 100 30 6.5 0.1 4.4 0.3
9 140 40 45 3.8 4.4 4.3
10 140 20 45 45 4.8 4.3

b. A#E3E 9 vHAR A 9
85 A= Yol waR Y i AWE Fou 44 €5 4 e Digital,

Internet At o] 7)o Off-line %t o}
T 7k R #H3sE Marketing A

WA g7t &84 dea 9= A &

WAE olgate] SAS Aok A= AlEel i FIE sfaa

Jlg T= /0iciH S

25
L0 = o1
Hple/H2| 20| ﬁr -------- W S . .
HELIE| Aoimy
DIGITAL E @ INTERNET
:Eatadmmjtuﬂ:

Word-Of-Mouth r"

Word-Of-Mouse -

S I 2F2(OMine)

=22 Online)

Fig. 3. Marketing plan combining online and offline marketing

_34_



70 of o
% i Mﬂ I B T
- CE _E =0 —_ —_—
: b @ o ]
2 < —_—
W = Jo o TR o B
G T X = ~ o} =
z ? L
- mmE _ E = ~ ‘X| =0 )
i ui z .O# 3 ~ .nla.
- - o ?
= e T I L
53 - N w =R i ,
= ‘w N s m ,.ml
~ & X0 B il
o _ T ofp <~ # 2
: _ Yo Jo <
ma = : e sE
g WX " ‘- AL
ol WP
7 3 . ozk gt
wr = 9 - S AN
i T > Y o A
3 ) = {F Wy B °
,UF HL R o} Z ,UF <
g ol o — . ] e < e o
o oN Y iy -
.Eo B = ) o = ,Q 30
~ ~ T w0 w e
—_ i _ ) ,Q &o & E Z
« L2 el o I <
Y = EXIZ %
A = O ! =T P oo 2 %
o K o W ~ M = % <=z
"R o o o = ® O R
= N 4 I S -
| 5 o ol = i I
< o Mo = P o= B8 T w oo
= [y = \WE — — Oi E
o™ o0 K ™ o G W S 0N h
QLO _Eo Eo N _Eo N QLO v Jl 1Xr_| ~ 1Xr_| o ~ ‘mﬂ
AN o B wE e < ET o X
. " " o e T <
s b - . = o, o] X
X 4 0w b T g # o e Tow
SR = = o = w2
WOR O S S B~
e x 7 5 2 2w = MK o
i A RO gy § A S x0T s
= m I Wom o 5 m = S EIEEV I of
—— 0~ X w0 ] - °
T X 5 g w x Z I @
X e H B e NOTE Y s
X oH 2 = o £ O T DA e
X i D = 70 do 5 Al N
& o T s T I i
2% s 35T 8% i b TOEM oM
~ o oA D e ST T, L F
ik 5 o v i % o ﬂ N0 N | JLI
S T ow o 7% AEa gLy
S Mo M g Mo

_35_



A2A: AL EE w5 SA9 5% 2 A

=

S (perilla frutescens Britton var. japonica Hara)y¥ F3o|A & oz Aujs] 7] A Z3&}

A&, T, A L Hre] Fdol Aol Al e, HZol= # Ao, vS, HopZy
7h ol JE SAAAME AuEHI 3= #EFH(Labiatae) o] WU 22 YA E F4F
2 (BREHE 12739 Aoz 7IH5HANL IALGUE AuIAzE LS Ak A=
T2 FHAFE AL FHdoez /47 Ao oy H2 SR LS, 9AEste] ¥
1=

ool ofgh A4 v AFe] FAFeR FH SALE FFol T AT AL

£

—

e

o] 7bedElH &, H AL A= VAol #etel AN FEAW] Ede| #I
o] A aflatoxin Blel &3te] iy Eddolrt AAHA o, o3 A aHE e
52 % phytol ¥ methyl 11,14,17-eicosatrienoates ©] A ¥ v} g&. %3 T3 A

E394E Yehdly, UVY ethyl methane
sulfonate(EMS)el 2] 3t Salmonella®t Drosophila®] ¢ W] 3-8 o Al 3o},

K

iy

g4 BA2 dEA FEAZ AHHA F4

2

i

Glutathione(L-y-glutamyl-L-cysteinyl cysteinylglycine, GSH)-- glutamic acid, cysteine,

glycinee. = 4 # tripeptide® A A A 714 F5-3 sulthydryl group®] wHo=A] 44

=4 So F digte] Wo] &S sk

AX W "HojEde stz ddA o, GSHE AFA = y-glutamyleystein synthetase
(x-GCS)7} wf-¢ T8 a ot}

BoAFHe] M AFAy E4Y E4 FEFE9] tert-butyl hydroperoxide® F=%¥ 7FA
29 AR E44E AAEIY Fodt dREEe P xAoA A dxau; GSHe &%
Aakelar 1 g el A7) caffeic acid-& e 2l

Caffeic acid= polyphenold] #3&E= A weld A Az 2Fg3ar, AA oy yro| A HakslA]
2 4HA o ofEFutFAl(aflatoxin)] BARS 95%0l Y 9 & BWE ofye}, 43t ~EF
2 g ookEgpEAle] ALhE A4 F Jdvar &EAd AL, in vitro AE 2
dicaffeoyl ester, chicoric acid(CRA)7} glucose-uptake$} &d EH|E FHZA|7]|E A9

dH A Aot

%7 (reactive oxygen radical, ROS)ell ¢]3F A ¥

-
==

-~

s
o|\
N
>
o
Ay
o
)
o



w0} g

-
1.

] rosmarinic acid

-
1.

3l A

To® 50717

&
=

Fol St

3h
i

71E9] A B} o] ZFthAMEE Q] caffeic acid®t rosmarinic acid®]

<

~
;oo

caffeic acid®} rosmarinic acid®)

wl
=

22}

caffeic acid®}

rosmarinic acid % 9]

B
-
oo
B
i
-

T
oA
X
Ui

el

Jo
™

2 97}

FAtst 5

3,

in vitro

g

5}]

Xz
e B |

1) a4+
A =l A ef

3

=1
[¢]

Ad FEF T 1|

—

14,__
. =

Fol in vitro 2l A 7]

S

_?4

=
3=

A

A9

b

319

KeN
=

wneh Al

=
=

57e #Fow He, ANET

o =
S A SN

9

i3

AL

==
=

=

Ae o 50 g AEA 3-494

St

Bl s
<

tel 119l 24448 &

S

o A 2008 9l i}F

Bale] oF 3 gH FHF 100 mLol HolA 347

iz

bele.

S

ol A48

Nd

W

b =

=

20%

i3

folin—ciocalteu reagent 0.25 mLE 7}
3} & 1.25 mL

100 pLel

% spectrophotometer

E’

stol & 4

7}

KN
=

-
XN

Naz2CO3

_37_



(BioTek)& ©]&3}e] 725 nmolA FHEE SA3YTE 3 REEZZE gallic acide] 355

2= ZoHxolue ke 7F FE98 100 ulel 2% AICl; - 6H-O0 &8-S 100 ul 7}38fa 55

WA ek & &3 % ZE 430 nmoll A S 3RS, I FFE A 2= quercetin dihydrateS AR

(&}) Ferric-Reducing Antioxidant Power (FRAP) Assay
Total antioxidant powerE =A3dt= HhHo=zm o pHol A PAo 98iA]  ferric-
tripyridytriazine 2334 7} ferrous-tripyridytriazine® 9% = W oz =439} FRAP
2+ 2 Benzie, Strain®| &% WS dF WP 3o ZAH3H Y. FRAP reagent®4 40 mM
HClel &3 271 10 mM TPTZ(2,4,6-tripyridyl-s—triazine) 2.5 mLe] 20 mM FeClz-6H-0 2.5
mL¥} pH 3.69 0.3 M acetate buffer 25 mL-S 7}3F3tf. 22 ¥ FRAP reagent 3 mLel| &%
H S FE9 100 uLE o] £§s AS 37CA 57 A3 Fo 593 nmol A F &

2453 ¥E FAOR FeSO,TH0E A-&std] %39,

m
il

(v}) DPPH Free Radical-Scavenging Assay
1,1-diphenyl-2-picrylhydrazyl(DPPH)-& %42 ascorbic acid, tocopherol® &= 33& %
of oJste] SAuo] H2 Aol @gonA kst 24 Fa Foles AT W ol

th S 95 FFNH9 radical scavenging propertyy -2 7]1¢1 DPPHe] W3l &7 %S =
Astd . ol e ¢ 200 uM DPPH reagent 100uLel] % A8 100 pLE @i & 4
o]F3 o] T AHE 3083 BAd F 515 nmollAl Ao wE FRme] WEE A9
L, ETO 2 ascorbic acidE AFEEFA S, ZF AR SCs(scavenging activity 5096)2

DPPH®| ¥ %7} 50% Z4st=d Red A ge vz 39t @

(v}) Caffeic acid®} rosmarinic acid % =A
Z2 79 FFE S99 caffeic acid®t rosmarinic acid®] %S HPLC(Varian
Prostar)E o] &3] =A3lgvt. EAXAE Table 99 Zal, TFEEZ2<Ql caffeic acid9t

rosmarinic acid®] peaky¥ Fig. 49} 72t}
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Table 9. Instrument and condition for identification and quantification of caffeic

acid and rosmarinic acid in HPLC analysis.

Instrument Varian Prostar

Column Waters Spherisorb 5 um ODS2 (4.6x250 mm)
A 1 0.05% trifluoroacetic acid B : MeOH

Mobhile phase 0—20 min (A:B=50:50), 20—21 min (A:B=0:100), 21—25 min
(A'B=0:100), 25—26 min (A:B=50:50), 26—28 min (A:B=50:50)

Retention time 6 min(caffeic acid), 11.5min(rosmarinic acid)

Flow rate 1 mL/min

Detector 340 nm

2800000

200,000

2,400,000

Caffeic

2,200,000
2,000,000
100,000

g
1 00,000 &
1,400,000

1,200,000

1,000,000
00,000

£00,000

400,000

200,000
i -kﬂ/
3

1 2

F— b iy FT [mir]|
G 7

i B 10 1 ol 13 14 15 16 17 18 19

4 5
Fig. 4. Peaks of caffeic acid and rosmarinic acid
As standard materials, a peak of caffeic acid was detected at 6 min and a peak of

rosmarinic acid was found at 11.5 min by HPLC system

(2) 9+ 23

A

Oh % Zasls 3% 9 % Sunos §F
Fel A PAE= 550 SAY FA4E 59 ASEA0E AKAZ T 58] 2
2o Aol WE F Zeslls FFE 2 A3 WSsVF 694445 FF2E 61823, &

HelEsz) 588422, WHEZIE 531207, AMEHGEZZE 486434 g gallic  acid

A

1‘
lid
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equivalents(GAE)/kg dry matter(DM)Z 7Hg @& Zg#ls =& Vet (Table 10). 7t
FEol e F FEEeoln FEE 4% di(Table. 10), SHE7 64.536, B}
39.0+75, MHZEA 291154, G

B
m\n
X
DD
3
[do)
=+
—
‘}—‘

Fa2% 20545 g quercetin
equivalents(QE)/kg DMZ Z & H wo]|=2 311 Uitk

(\}) Ferric-Reducing Antioxidant Power (FRAP) Assay
FRAP assayE Fe()(TPTZ).ClsS AHstAl 2 AF&3Le], pH 369014 a2bstAlo 23] Fe
(INTPTZ):Lls2 FHAH= AL o

ofo
Ol

e BAMon dd2 wWelegrt 796:80% 7HE
TR, TH2IE TABE620) o, ERBENE 68719, FHEME 60444, A K-St
530+13 mM FeSO, - TH20/g DM& 714 Wit ol& Fa Weedrt 7P =2 kst &

de 7HAAL s ¢ 7 Avk(Table 10).

(c}) DPPH Free Radical-Scavenging Assay
DPPH:= 3stA o sty 2esivds 7FAal e

op
2.

d EAZ 515 nmolA] Hu)
A9 vy AAE ol

s A Hi= BRo

(e}

E{o{n
o

TE A, AxE wow E3wUt A% sk
WAl DPPHY @tjzZe] AdE 1 1 EF9 HeMdo }
. ERHE/E SCH0%te] 429414 ug DM/mLZE 813t A] v

J%
32
i

Ol
Rl
58
A

—_

=
1

K

o

free radical-scavenging &

N

o

ZEA an dlal, MEEEZE 324+19 ng DM/mL, SHE71= 324467 ng DM/mL, H.8}
7= 261+7.0 ng DM/mLS YJEFATE 3235 % 241436 ng DM/mLE 714 =& &4h3)
5 7FA1aL itH(Table 10).

il

)
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Table 10. Total polyphenol, flavonoid, FRAP, and DPPH - SCs of hot—water

extracts from various the leaves of perilla frutescens.

Namchun Donggeul-2 Bora Sae—bora Neul-bora

Total
polyphenol
(g GAE/kg
DM)

53.1+0.7%V 61.842.3" 69.4+4.5 48.6+3.4% 58.8+2.9"

Flavonoid
(g QE/kg 29.9+11% 20.5+4.5" 39.0+7.5" 29.1+5.4 64.5+3.6"
DM)

FRAP

(mM

FeSO, - TH20/
g DM)

604+44° 7484627 796+80% 530+13™ 687+1.9%

DPPH - SCs

324+6.7* 241+3.6 261+7.0° 324+19* 429+14¢
(ug DM/mL)

(&}) Caffeic acid®} rosmarinic acid &3 543

HPLCE &3 &4 A3} (Fig. 5), A= 100 g 7IE£o2 A4ssl& o, caffeic acide HeHE
M 087 mg, MEFEANE 071 mg, =223 % 058 mg, 9HE7+ 050 mg o2 3ol
AAastdar, s TgE/e A$ 011 mgl & tE EFof nH|dte] wl-& @2 caffeic acid %
S el rosmarinic acide] A9, TF 2371 121 mgl®E J1E & HES B
ERYEA7F 91.6 mg, BEEZ7F 90.4 mg, YHEAF 595 mg, MEHEAZF 471 mgs Y
Pt} o] & &34l caffeic acid®t rosmarinic acid®] =S 747F welEset FE257)
M =S Ae ¢ 7 da, o Ay oo dbsd 54 A AdolA FAkstEe] &

ERE A AddAe] Bz B 4 vk A A4 F EYde

B
o
9
o)
u
Ac)
it
X
L =
offl
¥
Do
fol
N
B
rlo
i
&
(ld
L
ful
=
32
2
<
()
2
ey
=
o=
av)
9
o)
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u
Ac)
f
X
N
W

caffeic acid®} rosmarinic acid®] &t £
oA E2 itsl A4S el Aow e 4 ) ol vk, SR ENE STH 9]

= stk A = AF}E YEPHIAINE caffeic acidY} rosmarinic acid®] $FaFo] wgkar

ol
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DPPHel M= 718 vhe A3 depliglen, v t& st SN T
A5 R AT

i
2

5 \
N N\
TR TR

Fig. 5. Caffeic acid contents and rosmarinic acid contents of various leaves of
perilla frutescens.

A! Namchun, B: Donggeul-2, C: Bora, D: Sae-bora, E: Neul-bora
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PLCE %73t caffeic acid®} rosmarinic acid® $H&& =34

O

H} AL S

[e]

oflt

80.

&
X

o=
7} 2 A5
ar, A HEEA7E 629
3 HPEAMNY F2237) caffeic acid®} rosmarinic acide] &3}

Aok FRGA Mee W, GARBA A5H JELAZ 4 AT
=

gt
i

H
2+ A(Fig. 6), W4 HaE47F 87.9%, #5237
< ZA3E vEdgleo, s EE7E 686%, FHEZ7E 63.4%0°] U

&

olt
o=

ol#hal AEA]

o

T

wE
Aclse] Avl ool wE257F v w2 Ao m WA, HEsslet w

v v

Area (%) 63.4 80.3 87.9 62.9 68.6

Fig. 6. Radar charts demonstrating characteristic features in the antioxidant
properties of various species of leaves of perilla frutescens1>

'Scale expressed as the ratio when each value is compared with correspondingly
maximurm

A: Namchun, B: Donggeul-2, C: Bora, D: Sae-bora, E: Neul-bora, I: Flavonoid, II: Total
polyphenol, III: FRAP, IV: DPPH, V: Caffeic acid content, VI: Rosmarinic acid content
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BER

(&}) Ferric-Reducing Antioxidant Power (FRAP) Assay
Total antioxidant powerE SA3= WHoOZE & pHelA 2 A9
Ferric-tripyridytriazine 53 A7} Ferrous—tripyridytriazine® 2% = WHow SAg 9tk
FRAP &8 Benzie, Strainel| 2|3t WS dF WPl =431} FRAP reagent® A
40 mM HClol €31x171 10 mM TPTZ(24,6-tripyridyl-s-triazine) 2.5 mLo] 20 mM
FeCls-6H-0 25 mL¥ pH 3.69 0.3 M acetate buffer 25 mL-& 7}3l%lth. 71 § FRAP
reagent 3 mLo| FEW¥ E7S FZF9 100 uLE 2o] &3 AL 37CA 58 A Fo
503 nmol A FHEE S4a BF FHOE FeSOsTH:08 AH&dte] Ab&aiain.”
(v}) DPPH Free Radical-Scavenging Assay
$ ascorbic acid, tocopherol® HEE 3FSE o
ghlEo] 2 Aol g omA kst BHe 4 Foss SAHSE W o
i 2 3 AANE S
T AR 100 uLE Wi & 4]
=Y HstE A5

1,1-diphenyl-2-picrylhydrazyl(DPPH) & <}

o 2]3}e] ek 2l ] o

th S 95 FF N radical scavenging propertyy 2] 7]¢1 DPPHel| T

Astgrt. ol e =< 200 uM DPPH reagent 100uLol

o] F i o HHEHE 30i3F HEd = 515 nmoll A Alzte] wmE

3L, HERTF OS2 ascorbic acidE ARESIATE. 4 A|E Q] SCsi(scavenging activity 5096)2-
DPPH| 57} 509% sk dad Alue] yrz shqich'

(v}) ABTS Radical-Scavenging Assay
2 ABTS £90]
= ;(é )

ABTS #HE|& 275
of & HHo] dAEE FHEE
Ad¢ FE2AES o|g3te] ABTS radicald
potassium persulfateE ©| 83} regentE WE
B 24e 5 67 T Aol ¥ A|7|aL, % 734nmol A &
A&7 8] SCsscavenging activity 50%)2 ABTSS] & %7} 509 #Ase=d
L
(A} caffeic acid®} rosmarinic acid 33 A
AYES 558 At 4 FE5E &9 30 & caffeic acid®} rosmarinic acid<]
HPLC(Varian Prostar)E& ©o]&3le ZHAstArt #4x271& Table 113 21
caffeic acid®} rosmarinic acid®] peak+ Fig. 73 #Zt}
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Table 11. Instrument and condition for identification and quantification of caffeic

acid and rosmarinic acid in HPLC analysis.

Instrument

Varian Prostar

Column

Waters Xterra RPig 5 um ODS2 (3.9x150 mm)

Mobile phase

A 1 0.05% trifluoroacetic acid B : MeOH
0 min : Sol. A / Sol. B (100/0), 40min : Sol. A / Sol. B (0/100)

Retention time

14.5 min(caffeic acid), 25.8min(rosmarinic acid)

Flow rate 1 mL/min
Detector 340 nm
rAlLs | = ™
P /;'r-:-
3 e £ Hl
3 &
300—] - g £
2000—] ™ kS Y

Fig. 7. Peaks of caffeic acid and rosmarinic acid
As standard materials, a peak of caffeic acid was detected at 14 min and a peak of

rosmarinic acid was found at 26min by HPLC system.
2) a4+ 24

= TE $)o= A
FAZ71 F Fste] 744 FFo A wE T E9 9 A3 FA e, 4%, 6%
E707F 39.59+1.34, 46.24+2.78, 70.94+1.07, 5891+1.21 g gallic acid
equivalents(GAE)/kg dry matter(DM) <=0 2 ey

i
R
ot
o

N

>

d gl

=3 HE SR RS TAME
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32.10+1.23, 64.02+0.29, 60.30+4.28, 69.34+1.62 g gallic acid equivalents(GAE)/kg dry
matter(DM)E& WEFSTE (Table 10). 7 Mo W& F FeHwol= e S4¢ A3}
(Table 10), ¥ 70 F-AH =, 4%, 6%, 8% H el 13.06+2.05, 16.10+4.83, 26.52+0.87,
35.42+1.18 g quercetin equivalents(QE)kg DM=Z vtebyith, &3l He EE 28 A=

(1) Ferric-Reducing Antioxidant Power (FRAP) Assay
FRAP assayi= Fe(II)(TPTZ):Clyg AtstAZ AM&3te], pH 360014 aAbstAle]l o] Fe
(INTPTZ)LCliz &A= AS o]&she £4ez 492 93 74 T34, 4%, 6%,
8% wo. = 042+0.01, 0.74+0.02, 1.07£0.02, 1.09+0.02 mM FeSO. - TH:0/g DME e}t
el 4% 2 ©AE 040+0.02, 0.92+0.02, 0.89+0.04, 0.95+0.05 mM FeSO, - 7TH:O/g DM
o & vER T (Table 10).

(c}) DPPH Free Radical-Scavenging Assay
DPPHE #3t4 oz tAstd st zg 7HAa s 84 2 515 nmelA Hd
BEE 7AW, AARE o FF TVl fgAadt $dgHo] = By thyd AAE Y
oA DPPHE #tH#o] Adual 21 52 wepdo] Fgstal wgdidls HA He 4
olth, dd B FA =, 4%, 6%, 8% o= 740463, 226+2, 306+0.3, 207+13 pug DM/mLe] L
™

E{o{n
2]

O

10).

el B4R 2e TAE 38149, 33044, 251+0.6, 21148 pg DM/mL-& WEFHTE (Table

(2}) ABTS Free Radical-Scavenging Assay
ABTS #E|Z 2752 ABTS &9o] WaFs sietE 5 ditstedo] ol &4 o3
of & HM4o] dARAE FHEE SHSIY T4 Tos A4S st HoeE 549

o .
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Table 12. Total polyphenol, flavonoid, FRAP, and DPPH - SCs of hot—water
extracts from leaves of perilla frutescens(Namchun, Bora) treated with sucrose

aqueous solution.

Total flavonoid Total polyphenol DPPH-SC5, FRAP ABTS-IC5
(ug quercetin /mg DM) (ug GAE/mgDM) (ug DM /ml) (mM FeSO,/ mgDM) (ugDM/ml)

Namchun
13.1 £ 2.04 39.6 + 1.34 739.7 + 62.84 0.4 £ 0.01 601.1 + 31.06
(Non sucrose)
Namchun
16.1 + 4.83 46.2 +2.78 2259 £ 2.11 0.7 + 0.01 415.1 + 30.29
(4% sucrose)
Namchun
26.5+ 0.87 70.9 + 1.07 306.4 + 0.28 1.1 £ 0.02 363.6 + 19.74
(6%ucrose)
Namchun
351+ 1.18 59.0 £ 1.21 207.5 + 13.00 1.1 + 0.02 491.1 + 23.38
(8%sucrose)
Total flavonoid Total polyphenol DPPH-SC5, FRAP ABTS-ICs,
(ug quercetin /mg DM) (ug GAE/mg DM) (ug DM /ml) (mM FeSO,/ mgDM) (ugDM/ml)
Bora

29.9 + 3.13 321+123 380.8 + 8.68 0.4 £ 0.02 764.6 + 35.95
(Non sucrose)
Bora
30.3 £ 9.34 64.0 = 0.30 329.6 + 3.70 0.9 + 0.02 387.3 +20.92
(4% sucrose)
Bora
17.8 £ 1.64 60.3 + 4.28 251.4 + 0.65 0.9 +0.04 214.6 + 22.26
(6%ucrose)
Bora
23.1+1.83 69.3 £ 1.62 2115 + 8.27 1.0 + 0.05 338.2 + 14.40
(8%sucrose)

(v} caffeic acid®} rosmarinic acid &% FA

HPLCE %3 4 Ax(Fig. 9), A& 100 g 7|02 AAEAS W, caffeic acidys T3
S A, 4%, 6%, 8% o= 0.65 mg, 0.67 mg, 0.80 mg, 067 mg o= YELOH K
Z =71 054 mg, 0.65 mg, 0.96 mg, 059 mg® caffeic acid %S EFWTE rosmarinic
acid®] A-¢, IH =7 A, 4%, 6%, 8% o= 1.29 mg, 291 mg, 4.82 mg, 3.79 mgl =
velon HEl E71E 294 mg, 4.84 mg, 3.82 mg, 444 mge| rosmarinic acid =g L E}
Wt ol & FalA] caffeic acid®} rosmarinic acid®] &3S Awe9 =& F71E o F7)3)
T AFE Moy 8% ol AyAlE 238]¥ caffeic acid®} rosmarinic acid7} #FAashE A3
= YEtHT o] Adks gke] absty SA AP AdfolA kst o] AukE A ek Ao

A wrv =2 A A Aol 4T = e A WA F EYde FF 44 A
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g 6% A FHd S749k 8% A2l vk S =2 A3E WERiAA, 7 AR FRAP
A= 8% Al 93 5749 8% Al wet ol #ateteE dErlY DPPHE Aol A
= 8% Ae & =A% 8% AP HE AV b =L dArsEE dEbd eFRE
ABTS Ao = 6% A g1 749 6% Ag B} S747F 7 =& kst & vEerd

. 8% MY 6% A HwEels w FAEH ] fFoAl Aol AA YEUA &
ko, 93|¥ caffeic acid®t rosmarinic acid®] =ZFS AH 6% AHgaodA 717 & AL

= e

24000
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22000 ¥=21.12x+863.36
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Fig. 8. Standard curve of caffeic acid and rosmarinic acid contents
To analyze caffeic acid and rosmarinic acid contents, synthetic caffeic acid and rosmarinic

acid contents was used for standard curve.
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Fig. 9. Caffeic acid contents and rosmarinic acid contents of various leaves of
perilla frutescens treated with sucrose aqueous solution.

A Namchun{Non sucrose), B : Namchun(4% sucrose), C @ Namchun(6% sucrose), D
Namchun(8% sucrose), E : Bora(Non sucrose), F : Bora(4% sucrose), G : Bora(6%

sucrose), H : Bora(8% sucrose)
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gatat =AW HPLCE %3 caffeic acid®} rosmarinic acid®] &S E3A o= WALY
azE gds B A3Fig. 10), AA "4 g (%0)= Fd AL A
8% O & 22.5%, 53.9%, 80.1%, 78.5%= YElwtow, Hel ASle]l A FH e, 4%, 6%, 8%
o2 23.0%, 64.2%, 82.5%, 77.9%= e

FRA] FRA FRA FRAP
10000 10000 100.00 100.00

avonoid Rosmarinic aci d Flavonoid Rosmarinic add, Flavonoid

DPPH Caffeicacid @ DPPH Caffeicacid DPPH

TP ABTS TP ABTS TP ABTS TP ABTS

Caffeicacid DPPH Caffeicacid

Fig. 10. Radar charts demonstrating characteristic features in the antioxidant
properties of various species of leaves of perilla frutescens 1)

1) Scale expressed as the ratio when each value is compared with correspondingly
maximum

A: Namchun(Non sucrose), B: Namchun(4% sucrose), C: Namchun(6% sucrose), D:
Namchun(8% sucrose), E: Bora(Non sucrose), F: Bora(4% sucrose), G: Bora(6% sucrose),

H: Bora(8% sucrose)
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. 7158 ERQ9 invitro AX AEE 53

1) A+ 54
a7l SN B BT Vs e S48 Aste VxR He i AL AEES =

Agowy 3t ws &4 Tae] g A A7E AT
(2) A4 U
Oh Ax g R AL FEE A
Human Hepatoma cell line?! HepG2+ ATCCE E3le] FUst o, x5 Minimum
Essential Medium Eagles 10% FBS®} 2.2 g/L¢ sodium bicabonate, 100 U/mL penicillin,

100 U/mL streptomycing #H7}slo] AME3tATE AXE 5% CO, A8kl 37CE 43
ekl gl 7 E o] A YT HepG2E 24-well plateo] 1.5x10° cells/well2 5313 3%

H

&9t incubation A7l &, A A4 FEFES IF < 1 mg/mL, 5 mg/mL, 10 mg/mL, 20
mg/mL= X2 g}, 12l =] A A g

. o .
FEEY 54 §7E AT

% MTT assayE 3] cell viabilityE =33 <

5} ]

) A

e}

(W) AlE v 2 3 ns
Human Hepatoma cell line?! HepG2+ ATCCE E3le] FUst o, x5 Minimum

]

A

Essential Medium Eagles 10% FBS®} 2.2 g/L¢ sodium bicabonate, 100 U/mL penicillin,
100 U/mL streptomycings 7}l A& Al X 5% CO; A8l 37CE A 8+
Hj ok s} i vt

tert-butyl hydroperoxide(t~-BHP)&= XA 348l E doy]= dgz4d E-AZ vk AZ
sz Aeld 4§ 7bAEA cytochrome P-450 &40l o8] Al¥ FAEES 232
F 9= alkoxy free radicalo|t} peroxyl free radical® Es]5 ™, o]e]dl 2FEEo] DNAY £
Fe HASE Ax AlEE Sole AHE 2fste] AEY tekd EdE dodle HAY =
g2 &3] AREEA glvh. EE -BHP= M XA GOT, LDH &, malonedialdehyde
(MDA) ¥4 & zdgtta BEiEIh o838 free radicaloll gk AA 2] Abst4 &4
catalase, superoxide dismutase(SOD), glutathione peroxidase(GPX),

glutathione-S—transferase(GST)2} 28 dAtE & 49} vitamine A, vitamine C, vitamine E



2 glutathione(GSH)¥ Z-2 W& A4 a3t E-Z o] o & Whoj gt}

AEZL AXEF HepG2E 24-well plated] 1.5x10° cells/well2 HF3131 3% %ot
Aduk A FE=EI w7 AY

%, 03mM t-BHP® A3 A7 wi=

incubation A] 7!
MTT assayE 2 A3}t
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Fig. 11. Structure of tert—butyl hydroperoxide
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Oh w715 AR dFFEEY FAX AT 54
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2 3w HYelS W AXE ALES Fig. 129 25 20 mg/mLs Hstds o Alx

AEEL 9F 31%, 10 mg/mLS XS W AE FEES 9F 48%, 5 mg/mLS X3
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Fig. 12. Cytotoxicity of perilla frutescens treated with 6% sucrose solution extract
Values are expressed as mean * SD (n=3). Different letters indicate signification

difference (p < 0.05)

(W) 37 AY Ad4-FE5E9 1 S
HepG2 cellel t~-BHP 0.3 mM< A el3ts o AX AEE2 U2 vt 227%5 o}
Bl 22 v%9 -BHPl A 4

S 36.9%, 6% A" A7 T3 E7/E 43.2% AEES UEHATH HE 6% AM2lsho] XYY

Aol v|5tod o Holg2 =2elstAnt (Fig. 13).
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Fig. 13. Effect of perilla frutescens extract on f—~BHP-induced hepatotoxicity in
HepG2 cells

Values are expressed as mean * SD (n=3). Different letters indicate signification

difference (p < 0.05)
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Human Hepatoma cell line?! HepG2+ ATCCE E3le] FUst o, x5 Minimum
Essential Medium Eagles 10% FBS®} 2.2 g/L¢ sodium bicabonate, 100 U/mL penicillin,
100 U/mL streptomycinge H7}slo] AFE3 T A ¥ 5% CO, E=A43ke 37CTE FA 8
Hj ok s} i vt

() A28 54 (TBAR assay)
o] W2 X|uke] Abuj7} HeFo we} A E = carbonyl 3F3tE F malonaldehyde?] A3
Aol ZAE & A2 24 malonaldehyde= F AF2] thiobabituric acide} 3+ F4}2
malonaldehyde”} ¥h-&-38fo] A ApAe] H3tAE Jdste A& o]&3 Aot

AEZL MYEFA HepG2E 6-well plateo] 1.5x10° cells/well2 HF3l31 3% %ot
157 A

incubation A1zl $-, 0.3mM (-BHPYF A &]dt &7 L& Il A FE5E3 a7
FEES Ag F, 37T incubatordl Al 2417 Ml & cells 353l 28-S 233
Cell 0.296 Triton X-1002- * 2] 3}3t Trichloroacetic acid (TCA) buffer (0.25 N HCI,
15% trichloroacetic acid, 0.375% thiobarbituric acid, 0.01% butyl hydroxytoluene) 0.5 mL-$
A7bste]l s wEAE FHA BT FxoA 307 B B F HeoR AEA
n-butanolS& Y1 A4H3 TEvh AR (800 rpm, 10 min) & AZ AL exitation 515 nm

2} emission 552 nmolA FFE7|E ol &3] =ATE  thiobarbituric acid reactive

[4‘1

substance (TBARs)+ 1,1,3,3-tetracthoxypropane (TEP)2] Ake 2]3l 7z ooy
malondialdehyde (MDA) equivalent®] ¥%&2418 238k oh g, oo 9 AS HAHAE MDA

% (pmol/mg protein) & ¥7]&c} O

() Al U glutathione &3 A
HepG2 AE U glutathione &S =A37] 93 A8 AAsu) AT AZTFQ

HepG2E 6-well plated] 1.5x10° cells/well

=
d FEEY e 4Y FEES AHME &, 2247 & ~-BHP 03 mM& 23 377

incubatorol| A 2A17F & cellS 3|43t Ae-S 83t

BF384al 3 F<F incubation A7l 5, 4Wk A
C

343 A Ee] 1 mLe 50 mM N-Ethylmalemide (NEM)2 &33l 3 yltra sonicatorZ ©|
L3te] #A3 s} #2EFE LA perchloric acid (PCA)E 5%9 ¥%z H7Fstar 1000
mm, 4CoA YHAEHE A A5 A4S 1 mLe 001 M iodoacetic acid (IAA) 100 uL

£ #H7F3 & NalCOse o]&38le] sA438 sty 21 % 1-fluoro-2,4-dinitrobenzene (FDNB)
o] &3] HmAE 3o HPLCE ©]43le] glutathione &S =43} Y

o
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(3) 4+ 23

hH A28 A (TBAR assay)
A 27T -BHP 03 mM, g5 4 FE5E3 w754 A
7 t+-BHP 0.3 mM #Zo] AHgs Aoz vsoxith -BHP= I54d& 4o+
A9 A3 -BHPE g3 Ad7e dxawtt A2 3437 o] 285 2ea

M2

FZ=%& 1000 pg/mL

p

i
i

=

154

HE A FEEN 317154 Ad FEES -BHP 0.3 mM¥ Zo] HEE groupelAl {294
Ql Aol& uvehlin AA A7 AT AE 9 vk wmd duk A A
ALe vast S W Fo4Ql Aol vEhY av]ed AL b Alxze] uidk A At
3} AAlsol Holds & F It
TBAR assay
500
400 | b
=
—
s
< 300 |
=
g
2
Q
=200
'E‘ C
o —_
o d
.
a
100 =
0
A B c D

Fig. 14. Effects of PLE-1 and PLE-III on formation of ¢(-BHP-induced Ilipid
peroxidation in HepG2 cells.
A, negative control; B, t~BHP (0.3mM); C, t+~-BHP with PLE-I, D, +~BHP with PLE-III.

Values are expressed as mean+SD (n=3).

Different letters indicate signification difference (p < 0.05)
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() Al¥ U glutathione TF A
A9 dEd A -BHP 0.3 mM, <
3 ¢t-BHP 0.3 mM #Zo] Ag3t dFrow yrojxivh -BHP 0.3 mMS AH2ld ddaLe
ol M8l glutathione o] oF 25% AT FFo = A4astE S YeERXw, Al
A3 317154 AL FEFE 1000 ug/mLe ~BHP 0.3 mM
v ko] 150%, 185% AE F7lsh= A3E Jerdh

Ak AT 37154 ALS NS 9 35 A FEE A 5999 Gol
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Fig. 15. Effects of PLE-1 and PLE-III on formation of ¢t~ BHP-induced glutathione
levels in HepG2 cells.
A, negative control; B, t~BHP (0.3mM); C, t~BHP with PLE-I; D, t+~BHP with PLE-IIL
Values are expressed as mean+SD (n=3).

Different letters indicate signification difference (p < 0.05)
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Hematoxylin & Eosin stainings 4vF gAolg} B-20 7173 7| 2491 X4 Ty oz A
ARgE Sk WeE st A s FA43H7] ste] AHA S 10% TEEAS o&ste] LA
B OUAZ Bt g5 BAS AXH A4S EWEEY paraffing JAEI] s 94w

= % xylene® & paraffing A A sk}
Hematoxyline ¢f¢l7|dolnz ko] Agtslo] dlg o= ¢4 Fosine ofibAoln
el Ao Agsle] AEAS BEMor thxr Asth AHe] o do

o 249 W 49 dvlgon At

2 4714 7t

2

t-BHPel x=Fo] ¥ AAvAYZ o3 Absiukgo] doju} 18R] e GAtel vl
il , olg2A AAE AAARAsES A AAEAYS &
ofgte] FE AP ES AAste] A Al W F3S FA Ak

TBARs A2 959 4zl ~Ed 20 938 WA= carbonyl 33E % malonaldehyde
(MDA)e] Aol <748 & 2024 MDAE F £xt9] TBA%H & #xt°] MDA} w83t

of AAAe) BYAE YAHE AL HAsE Yol

pal

=)
flo
>
ftix,
i)
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o
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7

SYNK OH HO fN\lrSH
N % N
N CH—CH=CH”™ X
OH OH

Fig. 16. Structure of TBA-MDA complex

¢
B
ol

b #2448 homogenizerE ©]-&3}o] 1.15 M KCl bufferoll A 2 v} 3+ t}S 2 A
mLel trichloroacetic acid (TCA) buffer 0.5 mL& %7}t A5 A3} ajFdS FAHA 9
FxoA 308 T 2B F Ao A8 A n-butanols Wil A U QAR
(800 rpm, 10 min) ¥ FF L exitation 515 nm<} emission 552 nmeol A FFE7|E 9]
&3¢ =4 sk} thiobarbituric acid reactive substance (TBARs)=
1,1,3,3-tetraethoxypropane (TEP)9] Ako| ¢]3l 7}4=E8]2 A o]2 malondialdehyde (MDA)
equivalent®] HEF=3FHA-S ZAE g, olo] oA =HAE MDA 5% (pmol/mg protein)

2 w78k},
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(t}h) =4 4 glutathione &% ZA

WA fetol =2 AX o)A A oR ATt o=
SFEHOE, ZEAl, AlZ=ER1e] A7EA] ofnliibe] ARE stuhe] EFfElo] =2 AXE
kst EAR AXo Ao 529 EHolth 53] 1k AlXxe] GSHE ROSel ] Abs)

AEHAEEY I AXE BEdhks 9 gkl I gade] vy & Aow A v

Y

glutathione (GSH)= wj-¢- 2}-&

A3 7 24 100 mgs 1 mLe 50 mM N-Ethylmalemide (NEM)-2 &3%3t % ultra

sonicatorE ©]&3fe] w3} v} A stE fAel| perchloric acid (PCA)E 5%9 == A
4

7F8kal 1000 tpm, 4TColA QAEHE A s A5 9S 1 mLe 0.01 M iodoacetic acid
(IAA) 100 upL=E  #H7Fgk 3 NalCOss o83l  FAE 3y o F)
1-fluoro-2,4-dinitrobenzene (FDNB)-& ©]-&3o] fXA38}slo] HPLCE ©| &3¢ glutathione
shs SA g

3) 9+ 23

=5, Aozl Ozl e Zt OF 7hll 7oAl xolE WERHNX] Zdct HF 7]z
F B BE a4 Frbshe AWe dehyon, 4 g o4 Rl e

LA eksteh Aol s s e 53 A Adare] wo4)l Aol dERA @tk
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Fig. 17. Change in body weight of S.D. rat during treatment with PLE for 5 days

values are presented as means + SD of 7 S.D. rat
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Fig. 18. Change in water intake of S.D. rat during treatment with PLE for 5 days
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Fig. 19. Change in food intake of S.D. rat during treatment with PLE for 5 days
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b 4 Aol B F7 A

oluk Ade] x4 FA FAH A9 7T g H 2 g HR v FAE B, 9 AAE
EvlE OF Ztoll Lt e FE=0 UU|sd WA FE=2 Fofoll 2o Yo LT

of g2 olxx LASS =Hol @

Table 13. Organ weight of S.D. rat fed PLE.

Group Liver (g) Kidney (g)
Control 760 + 0.37 202 + 0.06
t-BHP (0.5mmol/kg b.w.) 719 + 0.16 1.92 + 0.07
PLE-T (1000mg/kg b.w.) 6.95 + 0.22 1.92 + 0.09
PLE-IIT (1000mg/kg b.w.) 721 £ 037 208 = 0.12

(th) 83 Aststd 2 AA

A 5 ALT (alanine aminotransferase)®t AST (aspirate aminotransferase)= 7HAXE U
o e Far UEAoR QI Az IAbel b xAY Iy AdyTre] uie}
aminotransferase’} A5 o2 F# %o ¥ A4S gl Aoz 7 &40 ARZ AME
¥ 3 v}, LDH lactate dehydronasedhs FH-af34 ] vpAut @A o Z&3= &0
LDH= 3, 4, =4, ¥, A%, 497, A& Sl wol ¥3= F29. wEhA 3to
2 -+ LDH A= S7skA At

g3 ZF ALTS ASTYE ZHAXE o 9 4% GPT (glutamic pyruvic transaminase)$}f
GOT (glutamic oxaloacetic transaminase)e}il 3t} o] § AL A9 BEe Z7]o| &AjshH,
o] T ASTE A, 1 &4, 7 U F= &A3813, 80%7F AX W9 uEFZ=g ol &
Azt olofl wlE] ALTE F= b E¥3ta Alxdo] &A431} Fig. 21, 22014 ¥ nlef
Zo] ALT, AST ¥ LDH:= -BHP Fof o5 dFAstet 271 el vl 22t 60.6
(U/L), 304 (U/L)S}F 4442 (U/mLy= oF 1949, 254 2 16w F71E velch duk A¢l
a7l AL FEE FoJS 1000 mg/kg TolA ALT €440 7+ 36.0 (U/L)9F 184.6
(U/L)o.2, AST &A4o] Z+7y 377 (U/L)¢F 1400 (U/L)e.2 et %3 LDHY 49 ¢
W Al 3v)eAd ALY FEE FAT2 1000 mgkg wolA Aol 7h7t 3540 (U/mL)<t
1933 (U/mL)2.E ¢-BHP Fojatol] wls|A €538 &4 A4S #Aar7)e &35 5y
t-BHPoll &3k 3+ SA4o] g B35 &3t Q= Ao verwv ot ik el FE=0
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Fig. 20. Effect of PLE on serum enzymes aspirate aminotransferase (AST)

activities.
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Fig. 21. Effect of PLE on serum enzymes alanine aminotransferase (ALT)

activities.
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Fig. 22. Effect of PLE on serum enzymes lactate dehydrogenase (LDH) activities.
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_\7‘_1‘
N

ol

]

=3 3l
A Al &5 1000 mg/kg bw. & Fo3 I1FOE Yo, t-BHPS 3 5
Zbol| A} A~EYAE f8ste] hsAdol o s o] Qi

=
A8 A3 +-BHP ¥ 83 252 control ZLH XU} lipid peroxidationS %9]

o,
o
(4
o

154

o

b
=
=)

rlo

2 g
o

MDAE 43 AL debdar Ayt ddb RSl &= a7 Ad FE=S F

A2 5% MDA e HAaAR Ae YERHAL Itk Fig. 23014 Bz whep o] dw

.
S



19,
.
e
o
i)
k
N
ol
o,
poc
[
o
e
o
o
=
o £
f-
4
i
flo
vs!
T
v
|
2
i)
)
14
i
2
=
_O|_I
£
o
—
Do
=

t] =2 MDA XS &9 t-BHPl 93 7 ZAo e Bs a37F o &5 &2lsA

TBAR assay
300 | .
T
250
G.
< 200} g
= ~
—
=] d
o 1501 ==
=
=
= a
& 100 | ==
50 |
0
A B C D

Fig. 23. Liver malondialdehyde levels in S.D. rats treated with PLE

A

et ) Z273 -BHP 0.5 mmol/kg bow. X8+, 4y A FEHE3 w754 49 F
=% 1000 mg/kg/ b.w.3} t-BHP 05 mmolkg b.w. Zo] A3 A&Foz o}
t-BHP 0.5 mmol/kg bw. 2 283 A+ txel v|dte] glutathione $FHEo] < 75%
A% FFoR Fadte AS UehlAN, dyk Ay s A FEE 1000 me/ke

b.w. & t-BHP 0.5 mmol/kg b.w. 3 2Zo] A& o thzo v]ste] 160%, 185% A=

A

(v}) &4 Y glutathione 3+
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(vh) F =AW sHE P4 oA FU)
e xA5HA HAS BAY] "e R Ve WsE Fste] Ao A<l vy V), ¥
B4 Wk 8 7)e A Hels wEdte] Adwe] vyt oF BA4E sk Aolvh. Fig. 2404
= oukeb o] ET(A)S AN ERA Fo] Fulo] Kol L 3tAo] dAs A, F Ho]
A a2gTEs #ET F Jon, (-BHP A (B)e AlX fANEAE) 9 AXzEe] Hojxl

22 old(Ei)e] TEAHAL duk A FEE FATOH 17| AH 4d FEE FAL
wl 7FA ¥ 2] necrosis GEA7AL Aol H.o|A grol t-BHPY
HY S 8 & u e A dozE duk AY FEE
a7l AL FEE Aol AA YERYA &%k
A
T

=o| ZuE HH dE= 6%2 0[E5t0] AMujst 17|

or
0z

G Aol blBkol @St A Wa|sMoR MatAEH AN e 2 £M2 AXEE S

Fig. 24. Effect of PLE on t-BHP-induced liver damage
A, Control (n=6); B, Rats treated with ~BHP (0.5mmol/kg) showed liver cell death

(arrow) and several ballooning degeneration of hepatocytes (asterisk); C, Rats pretreated
with 1000 mg/kg of PLE-I and then ¢-BHP; D, Rats pretreated with 1000mg/kg of
PLE-II and then ¢-BHP. Hematoxylia/eosin staining; magnification x200.
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Table 14. Levels of roasting conditions in experimental design for perilla leaf Tea.

Roasting Levels

conditions -2 -1 0 1 2
Temperature(C) 120 140 160 180 200

Time(min) 15 20 25 30 35

Table 15. Levels of roasting conditions in experimental design for perilla leaf

seasoning.
Roasting Levels
conditions -2 -1 0 1 2
Temperature(C) 100 120 140 160 180
Time(min) 20 25 30 35 40
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(W) 43 A 2 caffeic acid® rosmarinic acid &% =3

2) a4+ 24
Oh 3A%5H AL A AF AL A 229 g T N Y 54
A9 Exge et gol 10719 HEToE A Adstgon, 3754 299 B
(6% Ae Az B 6% d' HE)E o] &t tH Table 16). & AME S W 34kst
& o caffeic acid, rosmarinic acid $FH#F Wa S WALY DI E o] &3te] AA WA thu] %
= YEeRAT 1407C, 30%-37F 22" e Add o] 34.0%= 7Y %oy, 120C, 2587 24
3 Agiro] 355%= 7 vkt
Table 16. Various condition of roasting for tea.
Roasting conditions Roasting conditions
Exp.No. - - Exp.No. X X
Temp.(T) Time(Min) Temp.(T) Time(Min)
1 180(+1) 30(+1) 6 160(0) 25(0)
2 180(+1) 20(-1) 7 200(+2) 25(0)
3 140(-1) 30(+1) 8 120(-2) 25(0)
4 140(-1) 20(-1) 9 160(0) 35(+2)
5 160(0) 25(0) 10 160(0) 15(-2)
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-, DPPH

ABTS Flavonoid ABTS

. DPPH

ABTS Flavonoid ABTS Flavonoid ABT Flavonoid ABTS' Flavonoid ABTS Flavonoid

Area

(%) 8.7 87 80 HB1 669 5564 663 35 599 604
O

Fig. 25. Radar charts demonstrating characteristic features in the antioxidant properties of
leaves of perilla frutescens(Namchun) after roasting process.l)

V' Scale expressed as the ratio when each value is compared with correspondingly maximum
A: 180T, 30min; B: 180T, 20min; C: 140°C, 30min; D: 140C, 20min, E: 160°C, 25min; F: 1607C,

25min; G: 2000C, 25min; H: 120°C, 25min; I 160°C, 35min; J: 160°C, 15min

roi

o=z W EAE EA"EAE W, 140C, 3083 248 3ol 859%= 7}
o

Bk Agato] 480% %2 7 @kt

RA ., DPPH

F G H I J
A B C D E F G H 1 J
Area
(%) 57.7 43.0 85.9 67.0 74.6 65.1 69.3 69.6 63.5 715
(0]

Fig. 26. Radar charts demonstrating characteristic features in the antioxidant properties of
leaves of perilla frutescens(Bora) after roasting process.l)

V' Scale expressed as the ratio when each value is compared with correspondingly maximum
A 180C, 30min; B: 180°C, 20min; C: 140C, 30min; D: 140°C, 20min, E: 160°C, 25min; F: 160°C,

25min; G: 2000C, 25min; H: 120°C, 25min; I 160°C, 35min; J: 160°C, 15min
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Table 17. Various condition of roasting for seasoning.

3 A 7

acid, rosmarinic acid &= W3E Ak Ad 29

Q%4

¢} Lﬂa g’l caffeic

AEES A7 AA

& wske] Aas

Exp.No Roasting conditions Exp.No Roasting conditions
T Temp.(T) Time(Min) T Temp.(T) Time(Min)

1 160(+1) 356(+1) 6 140(0) 30(0)

2 160(+1) 25(-1) 7 140(+2) 30(0)

3 120(-1) 356(+1) 8 100(-2) 30(0)

4 120(-1) 25(-1) 9 140(0) 40(+2)

5 140(0) 30(0) 10 140(0) 20(-2)

acid, rosmarinic acid = W3}E WALH
160C, 37 22 SI¥S

24.6% % 7t HUCH

A B C D E F G H 1 J
Area
%) 96.9 79.8 59.7 50.7 55.3 427 66.0 24.6 875 49.77
(0]

Fig. 27. Radar charts demonstrating characteristic features in the antioxidant properties of
leaves of perilla frutescens(Namchun) after roasting process.l)

V' Scale expressed as the ratio when each value is compared with correspondingly maximum

A: 160C 3bmin; B: 160°C, 26min; C: 120°C, 35min; D: 120°C, 25min, E: 140°C, 30min;

F: 140C, 30min; G: 180C, 30min; H: 100°C, 30min; [: 140°C, 35min; J: 140°C, 20min
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e e Hy 58 2AHEE W, 140C, 37 2AE s A0l 98.0%=E 7t

& =A2H, 160T, b7t 22T A T0| 289%=E 7+ HUCH

100 100

ABTS Flavonoid ABTS’ Flavonoid

RA DPPH RA DPPH DPPH

rrrrr

A B C D E F G H I J

Area

(%) 289 4.7 46.2 67.8 51.0 576 59.7 68.6 98.0 40.7
70

Fig. 28. Radar charts demonstrating characteristic features in the antioxidant
properties of leaves of perilla frutescens(Bora) after roasting process.1>

Y Scale expressed as the ratio when each value is compared with correspondingly
maximum

A 160C 35min; Br 160C, 25min; C: 120C, 35min; D: 120C, 25min, E: 140C, 30min;
F: 140C, 30min; G: 180T, 30min; H: 100C, 30min; It 140°C, 35min; J: 140°C, 20min
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Table 18. Mortality of Rats.

GROUP SUMMARY OF MORTALITY

MALE

DAYS ON TEST

14 15

11 12 13

10

2

DOSE (mg/kg)

500

2000

FEMALE

DAYS ON TEST

DOSE
(mg/kg)

14 15

9 10 11 12 13

8

500

2000

a = Number animals alive at the start of each study day

b = Number of mortalities during each study day
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Table 19. Clinical Signs of Rats.

SUMMARY OF OBSERVATION INCIDENCE MALE
GROUP: Control PLE-TII PLE-TII
PERIOD DOSE(mg/kg) 0 mg/kg b.w. 500 mg/kg b.w. 2000 mg/kg b.w.
DAY 1
Normal 5/5 5/5 5/5
DAY 2
Normal 5/5 5/5 5/5
DAY 3
Normal 5/5 5/5 5/5
DAY 4
Normal 5/5 5/5 5/5
DAY 5
Normal 5/5 5/5 5/5
DAY 6
Normal 5/5 5/5 5/5
DAY 7
Normal 5/5 5/5 5/5
DAY 8
Normal 5/5 5/5 5/5
DAY 9
Normal 5/5 5/5 5/5
DAY 10
Normal 5/5 5/5 5/5
DAY 11
Normal 5/5 5/5 5/5
DAY 12
Normal 5/5 5/5 5/5
DAY 13
Normal 5/5 5/5 5/5
DAY 14
Normal 5/5 5/5 5/5
DAY 15
Normal 5/5 5/5 5/5

Number of Animals with Sing/Total Number of Animals Observed
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Table 19 (Continued). Clinical Signs of Rats.

SUMMARY OF OBSERVATION INCIDENCE FEMALE
GROUP: Control PLE-TII PLE-TII
PERIOD DOSE(mg/kg) 0 mg/kg b.w. 500 mg/kg b.w. 2000 mg/kg b.w.
DAY 1
Normal 5/5 5/5 5/5
DAY 2
Normal 5/5 5/5 5/5
DAY 3
Normal 5/5 5/5 5/5
DAY 4
Normal 5/5 5/5 5/5
DAY 5
Normal 5/5 5/5 5/5
DAY 6
Normal 5/5 5/5 5/5
DAY 7
Normal 5/5 5/5 5/5
DAY 8
Normal 5/5 5/5 5/5
DAY 9
Normal 5/5 5/5 5/5
DAY 10
Normal 5/5 5/5 5/5
DAY 11
Normal 5/5 5/5 5/5
DAY 12
Normal 5/5 5/5 5/5
DAY 13
Normal 5/5 5/5 5/5
DAY 14
Normal 5/5 5/5 5/5
DAY 15
Normal 5/5 5/5 5/5

Number of Animals with Sing/Total Number of Animals Observed
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Table 20. Gross Findings of Rats.

INCIDENCE OF GROSS FINDINGS MALE
GROUP: Control PLE-TII PLE-TII
DOSE(mg/kg) 0 mg/kg b.w. 500 mg/kg b.w. 2000 mg/kg b.w.
NUMBERS OF ANIMALS: 5 5 5
Observed/No remarkable finding 5 5 5
No. of Observations 0 0 0
FEMALE
GROUP: Control PLE-TII PLE-TII
DOSE(mg/kg) 0 mg/kg b.w. 500 mg/kg b.w. 2000 mg/kg b.w.
NUMBERS OF ANIMALS: 5 5 5
Observed/No remarkable finding 5 5 5
No. of Observations 0 0 0

=
ofiol A AlgdEd Fol 5 deeha B AR YsorE HAatol A 1

Table 21. Hematological values in SD rats orally administered with PLE-III for

acute toxicity test.

Male dose (mg/kg) Female dose (mg/kg)
Parameter
0 500 2000 0 500 2000
WBC
3 4.0=1.0 4.0£0.7 4715 3.6x0.7 3.220.6 5bx2.2
(10°/ul)
RBC
6 8.0£0.3 7.8+0.4 8.0£05 8.7+0.8 7.4%0.2 7.920.2
(10°/ul)
Hb
16.6£0.5 16.2£0.5 16.4=1.0 176%1.8 14.8+0.3 15.2+0.7
(g/dL)
HCt
%) 50.9+1.9 50.3+2.7 53.3+4.1 53.1+4.6 46.0+1.3 47.3+2.0
70
MCV
(L) 64.0+1.4 65.0+1.2 66.3+2.3 61.0+1.6 62.0+1.8 59.7+2.0
MCH
(ng) 20.8+0.6 20.9+0.3 20.5+0.4 20.2+0.5 20.0+0.6 19.2+0.7
bg
MCHC
32.5+0.4 32.2+0.9 30.9+0.6 33.0+0.6 32.2£0.3 32.1+0.8
(g/dL)
PLT -
(10l 1028.8£57.2 1286.5+3156.2 1711.3+¥238.5 124351751 1377.2%123.2 1576.0+169.4
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Table 22. Serum biochemical values in SD rats orally administered with PLE-TIT

extract for acute toxicity test.

Male dose(mg/kg)

Female dos(mg/kg)

Parameter 0 500 2000 0 500 2000
TP (g/dL) 5.5+0.3 59+0.4 3.6x0.1 5.6+0.2 6.0£0.3 6.1+0.3
ALB
3.4+0.1 3.6x0.2 3.6x0.1 3.5+0.1 3.6x0.2 3.7+0.2
(g/dL)
T.BIL
=0.1 =0.1 =0.1 =0.1 =0.1 =0.1
(mg/dL)
ALP (U/L) 2188+153 17224215 199.0+233 1384+283 142.0+139 155.6+24.2
AST
U/L) 181.8£235  144.2+280 167.2+444  174.0+43.9 133.8+264 119.6x185
ALT
U/L) 88.6+23.5 52.2+114 65.4+27.1 55.8+14.7 41.6+9.8 36.2+3.1
Creatinine
0.5+0.1 0.5+0.1 0.5+0.1 0.5+0.0 0.5+0.1 0.5+0.1
(mg/dL)
BUN
329£133 149£2.3 15.5+£3.2 23.7£2.2 18.2+1.0 18.7+1.3
(mg/dL)
T.CHOL
41.8+12.3 66.0£10.8 65+13.4 49.0£5.8 66.0£6.0 61.6£12.3
(mg/dL)
LDL
CHOL 7.0+2.5 13.2+2.8 12.4£3.3 7.8+1.1 6.8+0.4 76x1.1
(mg/dL)
Triglycerid
e 14.2+2.4 27.816.8 36.2+11.0 28.0£5.0 29.815.4 28.6£4.0
(mg/dL)
Glucose
100.0+£19.3 1264+274  113.4+34.3 87.2+129 101.8+15.2  120.8£32.9
(mg/dL)
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Table 23. Mortality of Rats.

GROUP SUMMARY OF MORTALITY

MALE

DAYS ON TEST

14 15

1213

11

9 10

8

1

DOSE (mg/kg)

1000

2000

FEMALE

DAYS ON TEST

DOSE
(mg/kg)

11 12 13 14 15

10

1000

2000

a = Number animals alive at the start of each study day

b = Number of mortalities during each study day
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Table 24. Clinical Signs of Rats.

SUMMARY OF OBSERVATION INCIDENCE MALE
GROUP:
CONTROL PLE-TII PLE-TII
PERIOD
DOSE(mg/ke) 0 1000 mg/kg b.w. 2000 mg/kg b.w.
DAY 1
Normal 5/5 5/5 5/5
DAY 2
Normal 5/5 5/5 5/5
DAY 3
Normal 5/5 5/5 5/5
DAY 4
Normal 5/5 5/5 5/5
DAY b5
Normal 5/5 5/5 5/5
DAY 6
Normal 5/5 5/5 5/5
DAY 7
Normal 5/5 5/5 5/5
DAY 8
Normal 5/5 5/5 5/5
DAY 9
Normal 5/5 5/5 5/5
DAY 10
Normal 5/5 5/5 5/5
DAY 11
Normal 5/5 5/5 5/5
DAY 12
Normal 5/5 5/5 5/5
DAY 13
Normal 5/5 5/5 5/5
DAY 14
Normal 5/5 5/5 5/5
DAY 15
Normal 5/5 5/5 5/5

Number of Animals with Sing/Total Number of Animals Observed
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Table 24 (Continued). Clinical Signs of Rats.

SUMMARY OF OBSERVATION INCIDENCE FEMALE
GROUP:
CONTROL PLE-TII PLE-TII
PERIOD ,
DOSE(me/ke) 0 1000 mg/kg b.w. 2000 mg/kg bh.w.

DAY 1

Normal 5/5 5/5 5/5
DAY 2

Normal 5/5 5/5 5/5
DAY 3

Normal 5/5 5/5 5/5
DAY 4

Normal 5/5 5/5 5/5
DAY b5

Normal 5/5 5/5 5/5
DAY 6

Normal 5/5 5/5 5/5
DAY 7

Normal 5/5 5/5 5/5
DAY 8

Normal 5/5 5/5 5/5
DAY 9

Normal 5/5 5/5 5/5
DAY 10

Normal 5/5 5/5 5/5
DAY 11

Normal 5/5 5/5 5/5
DAY 12

Normal 5/5 5/5 5/5
DAY 13

Normal 5/5 5/5 5/5
DAY 14

Normal 5/5 5/5 5/5
DAY 15

Normal 5/5 5/5 5/5

Number of Animals with Sing/Total Number of Animals Observed
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Table 25. Organ weights in SD rats treated with PLE-III for 14-day repeated

toxicity test.

Male(mg/kg) Female(mg/kg)
Organs
0 1000 2000 0 1000 2000

Thymus 0.52+0.06 0.53+:0.08 04019 04604 047009 0AH0b
Lung 134013 134010 134010 111015 110006 115007
Heart 1245021 105000 109009 0/2:0.06 0.H0.06 080006
Kidney 230023 2.360.06 2429 166015 13000 1.60+0.01
Liver 943+1.06 7177 8XH93 2HH33 2565+:040 64304
Spleen 0724002 066011 063009 0.56H0.06 056H008 058006

Testis/Ovary 32405 3023 33036 015001 01500 0121002

Values are presented as means = S.D. for 5 rats.
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Table 26. Hematological values in SD rats orally administered with PLE-III for

acute toxicity test.

Male dose (mg/kg)

Female dose (mg/kg)

p t
arameter 0 1000 2000 0 1000 2000
WBC
5 5523 36414 47+1.9 31412 15+0.4 1.9+0.9
(10°/ulL)
RBC
] 7703 77401 74+023 7606 7.3+0.1 74%0.1
(10°/ulL)
Hb
151+05  153+03  145:08  154+11  152+05 14905
(g/dL)
HCt
oo A78+21  485+17  46.0+25 472437 46109  453+1.0
(¢]
MCV
) 62021  627+14  621+12  6L7+L7 628408 60914
MCH
- 195+06  198+0.2  196+04  20.1+04  207+1.0  20.0:0.6
pg
MCHC
31602  315+05 316403 326404  330+17  32.8+05
(g/dL)
PLT
QoL 129169 10S5.20 121 LLA4R100 10873 1262496
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Table 27. Serum biochemical values in SD rats orally administered with PLE-TIT

extract for acute toxicity test.

Male dose(mg/kg)

Female dos(mg/kg)

P £
arametet 0 1000 2000 0 1000 2000
TP (g/dL) 5.7+0.16 6.0£0.15 5.8+0.11 5.8£0.26 6.0£0.13 6.1£0.12
ALB (g/dL) 3.9+0.13 4.2+0.15 4.0+0.14 4.1£0.18 4.3+0.12 4.2+0.15
T.BIL
=0.1 =0.1 =0.1 =0.1 =0.1 =0.1
(mg/dL)
ALP (U/L) 12629 141£13 152435 100+£13 124+£32 102+£13
AST (U/L) 170+54 148+11 165+11 155120 141+£20 13128
ALT (U/L) 27£1.3 33+6.4 28+5.1 23+4.8 22+3.7 25+4.3
Creatinine
0.4+0.07 0.4+£0.04 0.4+£0.07 0.3£0.08 0.4£0.01 0.4£0.01
(mg/dL)
BUN
17+1.1 16£1.5 15+2.9 16+1.3 16+£2.1 17£2.4
(mg/dL)
T.CHOL
66+2.6 76+9.8 66+3.1 5277 73+154 84+13.8
(mg/dL)
LDL CHOL
10£1.6 15£3.1 11+2.1 5.6+0.8 9.4+2.8 10.4+4.5
(mg/dL)
Triglyceride
34+7.8 40+9.7 31£5.6 2648 28+4.8 26+4.2
(mg/dL)
Glucose
102+£18 {2+15 86+14 59+10 6610 53+8&
(mg/dL)
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(1) Q7 24

1715 EALS A5 i 2aE gelste] B 7l SEE AE IS g s
e g,
(2) A+ ¥y
(7}) tyrosinase activity inhibition assay - cell free system

96 well plateo] 0.1 M Tris—HCl (pH 6.5) 220 we} s =2 A3 37| E4Y =
= 8 20 pf, 283 2000 U/md tyrosinases< 20 W& A2 € o] £oeo] 1.5 mM
tyrosine £ 40 wE ¥ 37TCoA 10% &< #HAAZ & 490 nmoA STHEE =A43A
AR OZ 01 M PBS (pH 65) 20 & o] APAstelen, vEa o2 kojic acidE
g gk & ALEEAY njulEo] = Al E 9} tyrosinase’t A& A A BE7} tyrosinase?

248 Asdte] 7142 L-dopa®t 9ukS Wl Dopachrome WHEX| F31A 3t g E ol &

?:51_]:]_‘30>

(th) @by Ax W
B16 melanoma F10 cell2 10% fetal bovine serum ¥} penicillin 100 IU/m¢, streptomysin

100 TU/m¢ $H+3F Dulbecco’'s modified Eagle’s medium (DMEM) £<olA 37T, 05% CO-
712 CO: incubatorol A )] 23} T}

() Ax AEE FA
B16 melanoma F10 celle 24welld] well 3 1 x 10° cell® EF39h 2047 & cell?)

S gRls & wAE Hojula 7} v EE Ao Ho A e AL FEE
156, 31.2, 62.5, 125, 250, 500, 1000 ng/mL-a b wellell 1 m® EF3FAth 72413 &<t CO;

incubatorol] A Hj3E & MTT €948 Wi, thA] 4A417F F2F CO: incubatoro] A 8l 23} T}
vl X & A A3

+ DMSO= cell& =9 540 nmelA FFEE FASAY. Aae AEE A
2]8lA] eke o] et percentage(%)® E7]3tAch”
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(&}) Tyrosinase activity inhibition assay - in vitro (cell system)

B16 melanoma F10 cell S 6-welldl welld 10° cells® HF39th 20 A 7F & celle] F-3h

S AW F AAE oy 7 R R wAd o] AW w54 SAY FF

il

125, 250, 500 png/mL-g 7t wellel 1 A &F3F9Th 72 A7 &< CO2 incubatorol] A Hl ¢

O

3k & wjA]E Fojfal PBS 2 mlE 2 3 AFE & 1 M tris—HCl o] ¥3% lysis buffer:

o] &3Fo] cell& lysis Al7]aL x10,000 gollA] 58 Fob ARt A=949) protein Fe

B

A4z F&ZE lysis  buffer2 wHEY. 0 FEd 90 w10 mM
dihydroxyphenylalanine(DOPA) €< 10 w0 & 41¢o] 37 TolA 208 &<t HA Azl & 470

nmel Al FAE=E SA A

(2) 9+ 23

(7}) tyrosinase activity inhibition assay - cell free system

Cell free system= ©|&3}9] tyrosinase activity inhibitions =43 Ax 1754 44
FE=w9 4% tyrosinase activityE A dl= &4 YEUA] &Y} tyrosinase activity €
Asol Hold Aoz dHF kojic acidE ©]&3FH-S w 125, 250, 500 ng/mLelAl 80%,
90%, 95% 9] tyrosinase activity A €4-& YEFWUARE a7 AY FEES 7Y v &
2 HY3FA-S v tyrosinase activity:= 100% o] o2 A EE = AL TS = Quh A
Y7t AR &2 e Ad Az Beks u, 5 vy gy AWy @A)

tyrosinase activity 9A €42 754 EAY FEEAA YERA] @kt
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120 | d T
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Fig. 29. Tyrosinase inhibitoty activity of PLE-IIT
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7l BN FEEY AX FA4L 1000 ng/mL oldelA =/de] yverutth. (Fig. 30).

7L o]l TRolAE BF 80% o]Ae AEAEES e AXE 540 98-S a3k
v} o] T2 MEE o]&3 tyrosinase activity = AX EAo] vERYR ke Hn owWgql

500 ng/mL ©o]38}e] FIzol A A 33t

ad

ad ad
1 I :
100
cd 1 T

80 |

60 |

Cell viability (%o)

40

Control 1000 500 250 125 62.5 31.2 15.6

Fig. 30. Cell wviability of PLE-III for 72 hr on B16 melanoma F10 cells

(Y}) Tyrosinase activity inhibition assay - in vitro (cell system)

Cell free system= ©]-&3}o] tyrosinase activity inhibitiones =43 A3 17]54 E4Y
FEE59 H-$ tyrosinase activity® HASE @4 yEhyxA &
melanoma F10 A ¥2F5 o] 83}9] tyrosinase activity A& thA] 3HH 3Qldtarx 23S
2183ttt tyrosinase activity 9AlGo] FHold HoE ¢ Xl kojic acidE o] &3S W
kojic acid®] AX =4 wjF-o 20, 40 pyg/mLE X33l o] W tyrosinase activity A &
gol 12%, 22%= YEsAIRE nvleAd AL FEES 20, 40, 80 ug/mLez A ZsE o
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tyrosinase activityi= 1009 o] o= A48ty = AS & 4= rh A7 EX351A &
AEe A7 Ayt vz o5 v &4 A AAVE JE tyrosinase activity &

A e avled A FEEA YA @t

140

[=5]

120

[=5]

s
—]
R

100

=3
L

H o

80

60

Tyrosinase activity (%)

40

20

Control K20 K40 PLE8B0 PLE40 PLEZ20

Fig. 31. Tyrosinase inhibitoty activity of PLE-III on B16 melanoma F10 cells
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Fig. 32. Standard curve of benzolalpyrene
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Table 28. Experimental data on benzolalpyrene analysis of roasting perilla

frutescens
benzolal benzolal
No. Temp(C) Time(min) by No. Temp(C) Time(min) by

rene rene

1 180 30 N.DV 6 160 %5 N.D

2 180 20 N.D 7 200 25 N.D

3 140 30 N.D 8 120 25 N.D

4 140 20 N.D 9 160 35 N.D

5 160 25 N.D 10 160 15 N.D

1) N.D : not detected
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L a7l AL e A% &7 8 2394

b5 S EFS 018 F EAold FF ZA

1) A+ 54

a7l Asle] NEE AE FET AAE fske A FFE S7E ol Este] ks
sy BT Aol = EACd dEe AT P EFFC MR oE RIS

ZAZ B wEE FAAPERE B Al AREE 80% oleel @olA 24A7Et T
o} AEd-S 045 um® memebrane 2% (watman)-2 XA filtering A 71t} 1232 Ao

9 gEoe WARBH o) WHOoE 2w WEste] HE 3w AA FHAL dojuln,
Eal

N

Adojg FEHE 9L evaporatorZ 78T o|Aol A &ujE FHA) 73l flaske] B2 &2
HEel2 Z Fojulo] S2AaF A7l 5 Ao A3}

T EYH ol S FEE 0.1 mLel 80% &= 0.9 mLE 7tste] o] €394 0.5 mL

o 10% aluminum nitrate 0.1 mL, 1 M potassium acetate 0.1 mL % 80% o2 43 mL=

27t A7bE §) el e oA 40 AT 415 nmolA FHE e S5 o
BEBAR querceting AHEshe] FuE AU Aol dA FREE o] gote] x

Akt B AFE 98] v MS(Murashige and Skoog) ¥l Ao Al =Fgh @& ¥FH(Melissa
officinalis L. Lamiaceae) % E7 (perilla frutescens var, japonica Hara)E AF&3F3ic). =&
kil E703= 4 F2)(vegetative multiplication)S %38 2% (50 mM) 2227 Q= 11y
MS Hjxel A A T2 & vk 4, Ektip) @ g Bo] o8 xFsaL Y= °F 2cm
o] 9] 2] #H (explant)S A& (full-strength, 4 g/¢) MS % 6 g//¢ o}’HagarpH 5.7)% 3.3
g8 50 mM FARAR AZE AG/HAE X2 &7]3, 15A17F 2/OA T ofFolA] B

p

o N

o)

3 & gl AE HiA oA 208 Bt wiEdet. ¢4, Y Al Z(fresh leaf samples) 100 mg$
HA Aol A F ZdopA] JMFEE e vs 1% HCl (vv)s ks WEgs £39 250

250 ULE 7} {FH A

RN

uLE #7hsle] 4TolA 35 overnight) st &390 oM, 5
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7betdtt. &8-S 348, F2Z D (chlorophyl)S AASY) Y& 22 ¥ E (chloroform)
500 uLE =333l 3000 rpmol Al 2 &3 94l #2839t 3 (aqueous phase) 200 LILE 96—
4 Zd o] E(96-well plate)?] 7} Eol A$-3, FHFEE 530 nm oA vlo]aZZHo]E 3

%= Al (microplate spectrophotometer)@ 274 3}3] ).

(2) 9+ 23

e Frbel A Ay g ko] HAAY ol el AN d =AM EFEF 5Fe LEFFAA
dd @74 dx= FHdte] oles E Aol AREIAY. A ols F
A iRt 2 8 @ 23S FHET o] AN 2 AL 7 wjr e wief
oMo A wop ¥ o] A v wEAL Fapdolgls AL dolo] ofE 4
ol o]gakadtt. Fat 7 ke Az dotel A= Alte] A B Z9low wolg
2 vebstth St ajge] Ay wigER nbre] ddd A
v A meh Aerete] B AFdAE R AGEE AMESE AoR ¥ U&s g
O ApEy, g, Be $E2%, SXEk o|FA 5 e FFor QtEAjotde] SR AL
712 &lvh obefe] Fig. 334 Bol= whep o] wigdAM & A5 2259 BH0
A s eegom o] vs) A 479 FF2 e A Hols Ao
Bttt 3 Gl HAs = tEAjobd ] Aol w1 Mol #AEA tE AL

s ol F5-9 hEAohd ghaF ALl M FAdsA LER

Fig. 33. The pots of perilla: Saebora, Nlbora, Bora, Namchun, Dongle 2. This picture

shows the growth of perilla after about 2 months of its plant.
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A7 v A £ dar AE ctEAjobd gl Fehrmol=o] A Y
W S4o] A& sEZ oA xAdth= A A3 ntgoR $4 olE 59 FF
SEE A wE FEAede kg ARSIt = olE skl 5 9
218 27 (JIAA, ABA, GA, ACC, Ethylene)s FEWH=Z X stal QtEA| o] Z4 o]
ol" ] Wali= XS Lolu kvl Fig. 34, 35, 36, 37, 38014 A& Axpi= $4 2+ A8 z28
9] FEE 0,5 10 uM = wldEe Hd F 3, 64 Fol A& A
of 10 uMe] 7} &34 sxekes 2Ae 2

b Pg EIAHG b fel o) o) RE MM 4 AYE 39 sk

i
x,
e

mlo

~

[0
o
An,
2,
>
_>"4
o
>
mal
)
_\7\_1‘ )
s
Id
w
e
=
lo
B0
& ol

0.8

) I I
"J  — e — e e
ACC 1aA GA e

AEA

Relative anthocyanin content

M2}
Fig. 34. Anthocyanin content of Saebora treated with plant hormones. The relative
anthocyanin content of Saebora dependent on ABA, ACC, TAA, GA, Kinetin. The amount

of each sample was 50 mg.

Fig. 34v A& 4 F3F vl FEd A vkt o TAA, ABA, GA, ACC, Ethyleneg 10
WM 2 FES] Aeld 1 39 Fol @e AN hEAolI S FE}A 1 FFS FYE
2 At Auekel A9 ABAR AUHAe A% o @] bE 2 Ae A

Y 2 viAE w2 Ao Uy
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Lo

Relative anthocyanin content

AB A ACC 1A4 GA Kinetin
=y
=g =—
Fig. 35. Anthocyanin content of Nlbora treated with plant hormones. The relative
anthocyanin content of Nlbora dependent on ABA, ACC, TAA, GA, Kinetin. The amount of each

sample was 50 mg.

o]

Fig. 35% EX#E 4 F3b vlFEo A wjksl Fo TAA, ABA, GA, ACC, Ethylenes 10
uM 2 HigFEd Mg § 3Y Foll A& A A FEAoIIS FE3A L FEFE FRE
2 A e A9l g¥] ABA, ACC, Kinetinol 98] &% A4 JEbwta,
IAAS] o3lAE A vewen 53], GAol 9siA= A YeA e Aoz 9]
=

Relative anthoeyanin content

ACC L&A, 3h Kinetin
el
Fig. 36. Anthocyanin content of Bora treated with plant hormones. The relative

anthocyanin content of Bora dependent on ABA, ACC, TAA, GA, Kinetin. The amount of

each sample was 50 mg.
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Fig. 36 HZE 4 F3F SR A wjkdt 3o TAA, ABA, GA, ACC, Ethylenes 10

uM B e Aed f 39 Fo] 9 2AN GRS FEHI 1 FFL FIE
2 2A8T o] FE 4% GAE AN BE SEEN 2% hEAold ako)

Zrbehe Ao e

0.6 i
o L . L W . .
L 184 GA

ABA A

Relative anthoevanin content

Kinetin

=

Fig. 37. Anthocyanin content of Namchun treated with plant hormones. The relative
anthocyanin content of Namchun dependent on ABA, ACC, TAA, GA, Kinetin. The amount

of each sample was 50 mg.

Fig. 37 93-S 4 F3F wjgEo| A wjkdt 3o TAA, ABA, GA, ACC, Ethylenes 10

uM 2 HjFREe] AHElgh § 3L Foll AL AN FEAoIHE FEIAL I dEFe FRE

et
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25

na

Relative anthocyanin content

BEA ACC e GA Kinetin

E:lz
= =

ol

Fig. 38. Anthocyanin content of Dongle 2 treated with plant hormones. The relative
anthocyanin content of Dongle 2 dependent on ABA, ACC, TAA, GA, Kinetin. The amount

of each sample was 50 mg.
Fig. 382 223 & 4 73 w2 A w st <o TAA, ABA, GA, ACC, Ethylene-g 10

WM E HFES] HeE A 3Y Fol A xelA GEAChIS FEIN 1 FAL FYE

2 ARG A =E e Wa wggol gl Ao e,

Relative anthocyanin content
[

g =2 o =z0s

Sucrose (8%, 4d)

Fig. 39. Anthocyanin content of Saebora, Nlbora, Bora, Namchun, Dongle 2 treated
with 8% sucrose for 4 days. The anthocyanin content of Bora is the highest. The

anthocyanin content of Saebora, Namchun, Dongle 2 is remarkably low.
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ool = QtEAjobd ] dhef Frbel 7 ZabHdl Aoz 4uxl FARAE wWigEdd A

gl AgE Fdstdn. ¢4 e FREAE 50, 100, 150, 200, 300 mM= *} ] §F 4|

FroA AEs 7w A3 10 & A Folx s & Al = AS Sl (Fas

a9

50 mMe] 1% FaZz~olth). g7t o] A¥E WAPg olf= FARAE AFER A Al
o osmotic stressE L F 7] wiEolArk 9 &S A

1 oA EAE IS vs 2 FAE 54 By FAEA 300 mM oo R A
Bl Amy AFdd BAE Wolu L ogte] w5 =, 200 mMollA = 2 EAE BolX
ko Ao Foygrt 2 FARAYE 250 mM o] B ALoE o= Amo

osmotic stressE& F43lE ALZ AZIE F AT dEoZ AZHAY, o] Aye AEoR

i
Ak
N
)
rlo
A

el 200 mMe] FARAE ARGSISIAL IL B ef

Qoix] QHEAobd e S AT

= 14
-~ |
S 12|
s |
= .
-E 10 ¢
o
2 o T
=
= g |
o
w |
2 sl
= |
~ 2 |
| ﬁ -
o
23 308

Sucrose (8%, 6d)
Fig. 40. Anthocyanin content of Saebora, Nlbora, Bora, Namchun, Dongle 2 treated
with 8% sucrose for 6 days. The anthocyanin content of Nlbora is the highest against

Fig 39. The anthocyanin content of Saebora, Namchun, Dongle 2 is remarkably low.

9] Fig 39, 40 BBl A= 200 mMe] a2 A Aol FEe Feo] tEAoldo] &
s Aoz nRo] Y tEAold F5o| s AAA 21E A7E B2 3%
th 2 Ay wjgES] A9 FaRA ¥EE 200 mME 8 AolftE AR mgeqlt.
e A 77del g A N ¢ Be AES FoR 3 Ao® fuyel Adn

.
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2. 1A5A A ANE A A 2 A4
. FARAE oG WATAH A AN 2 BQ AT

1) A+ 54
Aed AL e g A 2 A e #Eke] 8% AR} ofn gl TEE
& APt tEA ol TUME ST o]F FEke] HA Aw) x2S A AY w
A 7)1F AR @ A5 AP

l

(ld
Ol

@) A7 W4
B oATAe e we 8 Avz Az hmAold 2 FTeluwolme] g4 2 A
W FHe] HEe] mEEd osi rdhth: 49 FaE oz $4 oF 59 EEL

Fl

ol g3to] TEE Ao wE AdEAJolIe FFE AT = olE st 5 A9
A5 328 (JAA, ABA, GA, ACC, Ethylene)¥} Faz22E 37 wjgste] sz g}

I QPEAJopde] EA o] oj®i] Wak= AE ebuskth Fig 34, 35 36, 37, 384 A&
Adte ¢4 4 AE 5289 $RE 0,5 10 uM 2 wiFEe] Ad H 3 69 Fol A
oA A A7E T Fol 10 uMe] 7Hd B4 Txeks AL FAF Aol AT A

Ak g e e Y oFe mE 4PN 7} A
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@
w
£ e
)
1o

3) 9+ 23
Fig. 412 HEtE 4 F3F sfgEo A wjeksl 3o TAA, ABA, GA, ACC, Ethylene 10 uM
o FARAE G agEe AHEd F 3Y Fo A& xAgA AdEA IS FE3IaL 1
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ABA+suc ACC+suc IAA+suc GA+suc Kinetin+suc

Fig. 41. Anthocyanin content of Bora treated with various hormones and 8%

Sucrose

Fig. 42 ABTE 4 F3F wjFRolAM vigFd 5o TAA, ABA, GA, ACC, Ethylene 10
uMs} FaRsE FA AgEd A H 39 Fo A2 2HoA JEAIIE FEdfaL
e FHRE ARSI AlEeke] et @] ACCe AaRAE ] v ge o
=7 eI, GA 2 TAASH FAaRAE 9 g dE dels o Bt v a2A 29k

=

12

10 T

—H

ABA+suc ACC+suc IAA+suc GA+suc Kinetin+suc

Fig. 42. Anthocyanin content of Saebora treated with various hormones and 8%

Sucrose

Fig. 432 5H&%E 4 F3 R A wikst o] TAA, ABA, GA, ACC, Ethylene 10
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ABA+suc ACC+suc IAA+suc GA+suc Kinetin+suc

Fig. 43. Anthocyanin content of Nlbora treated with various hormones and 8%

Sucrose

Table 29. DPPH scavenging assay of perilla frutescens leaves treated with 8%

sucrose for 4 or 6 days.

Treatment IC5p (ul mi) p
duration

Bora Nalbora Sebora Doboung Namsong
4 days 1944.0+231.9 a 1155.94535.0 a 6498.713663.6 a 6022.0+1816.6 a 1001.52346.7 a NS
6 days 353.1+72.9a 508.1%£196.1 a 362.3%+119.5a 250.4+69.1 a 135.9414.9a NS

Each data represents the mean value and Standard Error of three independent
replications. Same letters indicate no significant difference in ANOVA and DMTR at

p> 0.05 level. NS means non significant.

Table 29% 7 E%Fo| 3] DPPH &uzd 2A%S B3 328t &4& xA8 Aoz &
A

U AS HolF s Aah "vh gy FEAE 2R VS| FAske dA s ok &
= AR s EREr okd JA s HeE A ez A s
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. A, A2 A TAAA ] wE v, 9 F59 tEAotd e 3 F

(1) Q7 24

Al 2% FEQ Btk S ol &ste] avled A MEE A% A= A B
9o EE wwsly] ¢ste] del 4 AAE A3 AA TE2E A9 vuste aHE 7
Eia=

2) a4+ &

B oAGRe V&€ A A%E ngoz v, Aug, 9d, 52 239 57 FF FTolA
wepel 1S FJFH o2 A2 AAS AT A ARe AP A FEAod ] 44
FFe T A Jal, ALE Ak od tEAeld A A Fo DFRS w¥ol
Aepe] ojEolgtal wE A Jon, TAAES Zelricol= A HAd #di= FAA
of HAE FUVMNIIE AR ¢EA glo] Ary s i [IAAE A dE A FH

el FE9 tEAold 3RS vluwE] Mkt Fig 44, 4504 & Aye oA A4 AiE

BEUE 4% AeE 8% AEE 1 uM AAE AF 10 pM AAE A 10 M IAA, 8% A

il
oft
_\7\_1‘

10 uM TAA E3t= S 2H2 3A13L, 6413 A 23t Ao qterjetd o) dhefs S4 330

3) 9+ 23
Fig. 4% 93X F2S 4% A8, 8% Aw, 1 ypM A& b 10 gM A=E 2 10 uM

AZE 6AIZE M2l 3 Aoz QR Alold 9]

w =

TAA, 8% A3t 10 uM 1AAS] EFES 47}

R

Fe =A% Holrk,

Fig. 44. Anthocyanin content of Namchun treated with sucrose, jasmonic acid, and IAA.
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Fig. 45. Anthocyanin content of Bora treated with sucrose, jasmonic acid, and TAA.

Fig. 44, 458 #Fo] wlae] B, Mol 93 FFo vlgho] F-3 8 Aejola etEAlepd o]

ol xal, A" T OE =4 AHZAdl 4 ¥ @2 FEAd S U= As 3 E

b

Fel
e
o

- 108 -



JER 1t
Az stk 927 o] ARe AAF olft AP WA A& AFEo] wA oA AL
A% FAF AAE welFE AR AFFHuA e Aol A WA ZEFh F AARE x

Aol A § AFEHAE AT BF o= Ao vjgo] 28
oli= ANAF-HAAA A3 ZEstr|2 vt A P FARRY] FREE 4, 6, %R
393 oe] 7HA EEES 7|2 39 oy o884 ABA SEEY $MAFo 2 Xy
Bl FaEsE 1% EE 3E A9 osmotic stressE 3 5 97
A7 AAsATE el x
& HA A AT 7wsr 2 ok

TEZ 10 uM, FALEE 8%E A F 4 Aol tEAotd FA Al
=4 Fol A A== Ugty] Wil foli= A%E Yeh A ekl
A F7led st 293 23 T HaE 35 AS AP E ol 3

< ARA VB o] ZAElAL, Bk Tk Aatel wEldtths Aol 2 k] o] ef o

=
N
o
=
)
o2
BN
A
)

i
_>JL_'4
i)

o
An,
=2
ne
rlo
2
i
=2

A% 2me

- 109 -



3. 5719 AEAY FAol Belshs FAA T2

(1) Q7 24
299 FEAobd gAe] wolst: FAANS Holu Fre ForA J5A RS

detel dE 7gte Qg

2) A+ &

So) ol ARVE §A Bl $4F HAA4E SRRY 22
%

ol
_O|L
=
td
)
>,

2]
Arra kel #7149l A de e Aom e T. Y § yolrt ol & ofatty
& 3

Aake AR

X
o
>
lo
i
PO
i)
rich
>,
Y
alis
o
i
%
AN
)
o2
koj
A
2
o
f
_O‘
iy
:10
2
>
(ld
iz
o
dloi
rlo
12
B
>,
Y
rir
RUB

WS e 5 JE Aotk B/ olAuAMEE 9 E4Ec] oW 2o HE 2 Td
A EAFEAA dFste] £F Wt A3 AFEAA Az o] &2 F & Ao
2 Abmer,

SN Eehiieel 7] f138te] 71E=9] gene bankE ZA}s)

gho], o] fFAA ik 7] A9 AHE NCBIA %=

[
i
oX
=
i
£ o
_O|L
rir
do
2
_|>i
(i
o

Atk L FolA FSH F+3A4E A

Abete] primerE Al2F8FA AL cloning s A =3kt

Flavonoid biosynthesis pathway

phenylalanine [ 5
PAP1/MYB7S PAL
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acL
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i< O roquen e O
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G
o
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B
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FGT l
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Fig. 46. Flavonoid biosynthesis pathway.
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131__
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Perilla frutescens targetgenes for study

P1:F3’H (Flavonoid 3’ hydroxylase)
P2 : F3G (Flavonoid 3—O—glucosyltransferase)

P3 : FS (Flavone synthase )

9 fdAel B 97 Y ARE NCBIIA EARSe] ZaholwWE AFsha 22
SR CRICEE

Ams ) ofgel A i wieh 2ol el o fAAe] @7 Aol 7E
b ApAg Sletsl ST ofd gelA wis wpel Zo] @ Aol Y]

| vkA o] oS ATt o] FHdA= @A binary vectoro] T2 H o] ZEAE
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Perilla frutescens Favonoid 3 H-hydroxylase

AF-Bbﬁ'RBDQESEB.l: Perilla frutescens wvar. crispa SHT12 mRNA for flavonoid 3'-hydroxylase,
complete cds
Length=1804

Score = 1849 bits (1001), Expect = 0.0
Identities = 1088/1124 (96%), Gaps = 29/1124 (2%)
Strand=Plus/Plus

Query 146 ATGATCAGTGCCGCCETAAGTTTGATCATATGCACTTCCATTTTAGEEGETACTGETITAT 205
FRRRRTR R et enennnnini
Sbjct 42 ATGATCAGTGCCGCCGTAAGTTTGATCATATGCACTTCCATTTTAGEGETACTGETITAT 101

Query 206 TTITTGITCCICAGGCGEEGCEECEECAGTARTGEECEGECCTCIGCCTCCAGGGCCGAGE 2635
RN R R RN R R R R R R RN R R R R RN RN NRRE R
Sbjct 102 TTTTTGITCCTICAGGCGEGGCEECGECAGTARTGGGCGECCTCIGCCTCCAGGGCCGAGE 161

Query 266 CCGTGGCCGETTETCGECARCCTTCCGCAGCTGEGECCEARGCCCCACCAGTCGATGECA 325
TORRRLERRr reenn e e v n e e ntnnteneni
Sbjct 162 CCGIGGCCGATTGTCGGCARCCTTCCGCAGCTGGGGCCGARGCCCCACCAGTCGATGGCA 221

Query 326 GCCTTGECCCGEETECATGGCCCCCTCATGCATCTCAAGATGGGGTTCEGTGCATGTIG
TRt rnnrbenrrnernrnnrevnnrnntl
TG

G
|
Skject 222 GCCTTIGECCCGGETGCATGGCCCCCTCATGCATCTCAAGATGGGGTTCGTGCATET G

I
Query 386 GTGGCCGCCTCCGCCACCGTGGCGGAGAAGTTCTTCGAACGTECCACGACACCAACTTCTTE 445

FRRRER R e nrnnrnr et nnnennni
Sbject 282 GTGGCCECCTCCGCCACCGTGGCGEAGAAGTTCTTGAAGGTGCACGACACCAACTTCTTG 341

Query 446 AGCCGCCCGCCCAACTCCGGCGCCCAGCACATTGCTTACAACTACAACGACTTGETTT
TRRLRrnnrennn e nrnrrnrnrennrnernerennnnnnl
Sbjct 342 AGBCCGCCCGCCCARCTCCGECGCCGAGCACATTECTTACAACTACAACGACTTGETITTT 401
TTTGTGCCCTCCACCTICTTCTCC 565
(AR ERREREERERARRRRE
TGTGCCCTCCACCICTTCTCC 461

Quexry 506 CICCCCACGECCCGCGETGECEETTECTTICGE. T
I|!i|i|III!FIIIIIIiTIIIillllIIIJIIiIII
Sbjct 402 GCTCCCCRCGGCCCGCGETGECGETTGCTTCGGARRATT

Query 566 TCCRAGGCCTTAGATGRCTTCCGCCATGTTAGRGAGGAAGRAGTGGEGATCCTCATICGC 625

ffrsnnpninnnRseirRnRERNRARIRERNRRRIDERONRRRIDERONORAROI DDA

Fig. 472 E71 (perilla frutescens) A} Flavonoid 3'-hydroxylase?] &S H7] ¢35}
RT-PCR& 338 Aiolty. ¢4 E/AE FolA 7+ 1 4 F Ax HAS wo] RNAE
trizol &4 0% FE38to] cDNAE FAsvt ofF Aek 34 &2 4E&3 8% FAR~AE
39 AP AEs A o] &t Hol= wiel Zo] Wkl A 8% FAEE A Al

A7 Ty whdel] dHo A= L gl Fly A Fskrh 2 gDNAZ PCR
= TR 2y fEe 1R o] AAE AL v AS s wEbA, of W
ol A¥t= M) FEWo] FaRsd whgste] I A AL o] FEAJod 59

Fuwols GHoR 979 dehle Rolnn & F vk £

°f

L
(ld

g9 3 A2 PCR
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Perilla frutescens Favonoid 3 H-hydroxylase
Perilla 8% HEr=72|(24 A7) c<cDNA-PCR

20090724
47C 55T 60T

ladder He¢ &®EB He

Fig. 47. Flavonoid 3’ H-hydroxylase mRNA expression of perilla frutescens leaves

on different annealing temperature.

CTL scARibh)  =ucdT{2Mh) DacERiEh) socE{ddh)  IAER) Jaf2and  Aaodih)  AAIG24R)
BT T TR
I — .- R - .
P —_—eae—1
SHORT Pl
| e e e e e S — v —
bora | i @ -
b - N siuowt Pl

Fig. 48. RT-PCR of Bora and Namchun treated sucrose and Jasmonic acid 1. Pl
means 1.5 kb perilla frutescens F3'H gene primer, and short P1 means 0.3 kb

perilla frutescens F3’H gene primer.

control  Sucrose 8% JA 10 yM  JA 50 uyM

ladder M B N B N B N B

F3'H

Fig. 49. RT-PCR of Bora and Namchun treated sucrose and Jasmonic acid II.
Short P1 (0.3 kb perilla frutescens F3'H gene primer) was used. N means

Namchun, and B means Bora.

- 113 -



Fig. 48¢] @& THd ¥ ¥l #%FS F3H gene primerE ©]&3lo] RT-PCR% A¥}=E 1}
Bl Aottt 1 kb9 Aol= ¥hE primerE o] &3t Ao 2+ WErE 2 Holx| gholA], 0.3 kb
'H gene primer® RT-PCRE 33ty M=E & 71 ISdv T3

o] A-f, 8% Aws 6/ A Aol WMt A Bow wehe] A9 4%e] A

o 24X AP e A9k 8% Ada 247 HEg Aol et A3 AS B g A

¥
>
o

oo AsE S dEACh #d §449 $YS B 5 duks A% EUE A4sE A
A @ GAs} weh EFORE RT-PCRE shavh 7 Ash, weke] 9ol 1 uMel 4
2 b 647 Ae® A, 1 aMel AAE AR UATE AL F A, 10 pMe) AsE A4S 64

R4

P>

b A2t A0 pMe] A ARS 2443F H2ldk A EFolA W=E ERlEd 4 gllorn)

[e]

HHde HGollE FEid d=E gl a7 vl It ¥Egs vu AyE o
7] f3ke, 8% A®} 10 uM, 50 uMAZ=E AEE Al sh Jdda} vl EFEF5 0
2 & short F3'H gene primer® RT-PCR3] E.9kt}. Fig. 495 ¥, 8% A&-S X3l 7

Fol, 2k EF9 W=sh A AsA e AL B F Ak

J&%
et
ol

w22 e UE 2 fFdAd dEAyRE sdd  HIS FdsSvh
Flavonoid3'-O-glucosyltransferase®} Flavone synthase’} T Z 204 HESE = X E 99
AZS o] g3le] RT-PCR W o= <oluttl, A Al Flavonoid3' -O-glucosyltransferase 2+
Flavone synthase™ W&} FEAR a2 A Ao FAsHA 1 FAA7F S T=

e U 5 ATk e Flavone synthase 9 7-f-ol&= PHolAE 3v|stA HHHH=

P2 : F3G (Flavonoid 3—-O-glucosyltransferase)

P3:FS (Flavone synthase ) 2009.7.23. perilla- cDNA/ PCR
Primer 2 Primer 3
47°C 50°C 55°C 47°C 50%C 55C

ladder wg% w8% wE% 8% 28% B%  HE%h UB% HE% 8% HB% 8%

- =

Fig. 50. Flavonoid3’'-O-glucosyltransferase and flavone synthase mRNA expression

of perilla frutescens leaves on different annealing temperature.
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4. 7] flavonoid 3'-hydroxylase gene< 7] A= JA A%

=

(D) A7 ¥4

S8 EFpmoln A BoldhE FAAYe SR8 of7] FUE ol§3ke] I

A% ¥ 5 fAA9 2R Ea

2) A+ &

of 7] Aol WEol 7S FIH AR 7% FA=Z & A g Aest AA4AQ of

472 <l
7] Aol wla] Aol FEA yetnz tEAolde] 3 e upE xolE &r]o] A3 E)
thal st fd dsshs AER AREEUT A FAAE dE d8e Adie] 7hzte]
AE HMEE Z909, /9 F3H F31A4E of7] el WEel 7ol 2 d3Az &
of 1 Atje] A& wo} thA] 7] & 2 A &4 FEF3F cDNAE short F3'H gene primer
& o] &3te] RT-PCR 3} th

(3) 4+ 23

Fig. 51¢ 5719 FSH §44% o7 ue] W w7e] &4 A8AZ Fo] 2 A

HANE wol tiA] 7)1 & 1 254 FEF3 cDNAE short F3'H gene primerE ©] -3} ¢]

ol

AAE dd dd Ao 7o) A g HEE 23, oL

3 1) }
VTN <+
&‘
. | et
(B) (@]
Arabidopsis actin primer Perilla short F.3 Hprimer

Ladder ¢ 1 ] 3 4 5 6
[e]

Fig. 51. perilla frutescens flavonoid 3'-hydroxylase gene expression in transgenic Arabidopsis. (A)
Arabidopsis in a pot, (B) RT-PCR using Arabidopsis actin primer, (C) RT-PCR using perilla

frutescens short F3'H gene primer. In case of short F3'H gene primer PCR, line 1 shows that perilla
frutescens F3'H gene was transformed to Arabidopsis thaliana.
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5. A A I Ag A AFE v

ity

(1) A7 %7
de FARAL 47 FUE ol &stel A AT F AY o/ P 32 A
i

& of7] Ahel A S vaste] AEH 2 Il

S EEN

(2) A4 W&

E709] F3H FAAE of7]d el dd d8AZ]l Fo 2 Ao AE woba] Aatd i
MS (Murashige and Skoog) #®IX|oAl Z]¥th(Fig. 52). HlwE L34 f7]d 2] col-0
ecotypes WEw O® AREEFRL AL, Fig. 49914 M=rE v 1 A=3 UrA] & 5W AEs
Aol o] &akelvh. w3 e A sholAe] ARAEE W] ol de, ofr|e] AFEE
@aE ) 7S ol E Fele 4= 9 2EHA E229 NaCl @ A8 AdAdS A
712 3tk 100 mM, 200 mM, 300 mM ¢ NaCle] ¥3¥ MSHiAZ A 49 &<t 7
-9l AFAEE vwedr). Fig 52, 53¢ EUE & 5248 AH3hA 22 MSH|x|A 4
AZ 712 W71 N col-0 ecotypedt FIH FAx7F 3 ddd o 7| A S 6% HE ol
T MSHIAZ &A T 497 7] & #zs] Hurh

o?.&

e =

Mo

154

kel

3) 9+ 23
Fig 52, 53, b4°lA oxi=, FIH FAA7F 3 @dd A-e ousit) 2 5248 A2 3HH
e MSH|A| A= of 7] &t col-0 ecotype™ F3H -dx7F 3 B of 7| #jel A=+

o o]} glo] welth.
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Col-0 F3'H-ox#5 F3'H-ox#1

Control

Fig. 52. Arabidopsis transgenic plant with perilla frutescens flavonoid 3'-hydroxylase gene
(control). This MS was treated by nothing. Ox #1 and ox #5 are Arabidopsis transgenic

plants that F3’H gene was over expressed in col-0 ecotype of Arabidopsis thaliana.

100 mM, 200 mM, 300 mM ¢} NaCle] ¥&d MSHIAZ %7 49 ot 7|8 F9] A
1713 col-0 ecotype®t FIH &A1 3 waw of7] 4t Atolel Aozl 1ol vh(Fig.
52). 100 mM NaClollA= F3H #dx7F 3 2@ of 7|7} col-0 ecotypeX.vt Zo|7} &

of Aol Azx3 AXY HolXHk 300 mM NaClel| A+= col-0 ecotype?] o] F&EA wHA

@ Aol M3 FSH FAA7F 3 2dd A d2 25 28 FA3a v} FIH Fd A7)
W w3l of7) & 7F col-0 ecotypedl] B]&] NaClol|l 3l A3tAo] Al AL & F 9

s
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Col-0 F3'H-ox#5 F3' H-ox#1

NaCl(4 d)

100 mM

Fig. 53. Arabidopsis transgenic plant with perilla frutescens flavonoid 3'-hydroxylase gene
(treated with NaCl). Ox #1 and ox #5 are Arabidopsis transgenic plants that F3'H gene was

over expressed in col-0 ecotype of Arabidopsis thaliana.

Fig. 52, 53& EdlZ & EZE& A3tA &S MSHH| oA 4¢ AR 7|8 of 7] <]
col-0 ecotype¥ F3H A7} 3 A E of7|FANE 6% Aol £3d MSHIAZ &4
CAl 447 7] & dEs] 2 23, o 7]F e col-0 ecotypeX.th FIH FAX7F 2 ¢d

g 7T O 2 A Aoem o Aol Aol ¢ A Aem FHd 5
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Sucrose

6% (4d)

Fig. 54. Arabidopsis transgenic plant with perilla frutescens flavonoid 3'-hydroxylase gene
(treated with sucrose). Ox #1 and ox #5 are Arabidopsis transgenic plants that F3'H gene

was over expressed in col-0 ecotype of Arabidopsis thaliana.
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For 2 A7} Qi AoR HuHy

2. A9 & XY E B3 rosmarinic acid &F F7F A

u
=
T

Ak ool (% of i cry weight)

R N S

iy ieight i sspension)

phasphale (]
i

Fig. 1. Characterization of a cell culture of Coleres Blurmei in
CB-media with 1% (@, CB1), 29 (O, CB2), 3% (H, CB3),
45 (O, CB4), 59 (4. CTBS5) and 6% (5, CBS) sucrose. ()
dry weight (mgml™'); (8) rosmarinic acid (%% of the dry
weight): (C) sugar in the medium (%), measured as refrac-
tive index: ({2} phosphate in the medium (mhi).

Influence of the carbon source on growth and rosmarinic acid production in suspension

cultures of Coleus blumei, 1993, Plant cell, Tissue and organ culture, 34, 183-190
Coleus blumeiZ Awjali= AN A H] x| o] 1~6%2] sucroseE 71332 w 2]

-
PAFHE Q] rosmarinic acid®] $HaFo] F7lstth= A AHE BTl Q) o= 2 A 9
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Purilla Leaf Extract

Reverse Phase Chromatography (MGl CHP 20P}

i I ' I i
w WM M

[Benzene/Asetorne 97.3—49:51)

WA
Solvent Extraction Solvent Extraction
{Wator/Ethyl Acetate) (Watar Ethar)
Whi-w WM-EA M- M-E

| ML CHP 20P §i|ica G::I Golurmn

| (Water/Methanol 10:0—4:8} Chromatography

1

|

i
Fr. BT

Fr.a~c Fr.d Fr e Fr. 1~ 4 Fr. 5

Gaffeic Acid Rosmarinic Acid Luteclin
Fig. 2. Isolation of the Active Constituents from Perilla Leaf Extract

PLE was applied to reverse phase chromatography with MCI CHP 20P. The methanol fraction (M) was further fractionated by 4 step silica gel chromatography which used ether,
benzene—ethyl acetate, chloroform—methanol and benzene—ethyl acetate again. The 50% methanol (W : M) fraction was also further extracted with 50% ethyl acetate and gel filtra-
tion chromatography with Sephadex LH-20. Each fraction was investigated for its in vitro TNF-c inhibitory activity. The final purified fractions were analyzed by "C-NMR and the

components were identified.
Luteolin as an anti-inflammatory and anti—allergic constituent of perilla frutescens, 2002,

Biol. Pharm. Bull, 25(9), 1197-1202

o) Aol AE AYE o] §3ke] o AUAALES

o] caffeic acid®} rosmarinic acidE &34
A st E AGFRe] EFR TE3I Mo 2HE caffeic acidE EE-AAGE WRgE
Zpol7b AdAwE B A AAE FAF o Xzx EHEZ AASE caffeic acid<}

rosmarinic acide& A4 o zF¥E &g - AAS Y& v AaE BT
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