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SUMMARY

<Certification of functional Perilla Frutescens extract as hepatic
protective raw material and its health functional food product

development>

Part 1 : Biobud, Young Seomun

I . The title of study

Certification and development of functional perilla frutescens extract

II. The purpose of the study

In this research, the certification and development of functional perilla leaf as hepatic
protective effect are given. In addition, for enrollment of functional perilla leaf extract as
health functional food, related study is neede to establish safety and functionality. This
research is focused on the functional perilla leaf of which the is expected to bring an new
source of incomings for agricultural producer, mean while, the consumption is going to be

raised.

. The content and the scope of the study

We research the optimizing production process of functional perilla leaf extract as well
as optimum condition based on extraction, concentration, drying and storage conditions. In
addition, we tested the stability of various formulations such as powder, liquid dosage
forms, tablet and capsule. To be evaluate the hepatic protective effect of functional perilla
leaf, we chose optimal biomarker. This study was approved by Institutional Review Board
of Ewha Woman University after development of protocol and Investigator's brochure.
Enrollment of raw material of health functional food ingredients is prepared and applied to

Ministry of Food and Drug Safety.



IV. The result

Using papers, reports, specialty publications and online profeesional search sites about
functional perilla leaf, we obtain functionality, safety and intake-based data. These data
are essential factor for enrollment of functional perilla leaf extract as raw material of
health functional food. Also, we choose the optimal condition of extraction, concentration
and drying to develop the health functional food. Finally, we applied for enrollment of
functional perilla leaf extract as raw material of health functional food in Ministry of

Food and Drug Safety for proceeding formal enrollment.

V. The outcome of the study and further plans

We expect to contribute to create economic benefits by providing conditions to industry
because of established optimization of process and dosage form of functional perilla leaf
extract. In addition, we expected that if functional perilla leaf extract is enrolled as raw
material of health functional food as hepatic protective effect, which will contibute to

create the benefit of agriculture industries and health of consumers.

Part 2 : Korea University, Lee Kwang Won

I . The title of study

Research of functional perilla frutescens extract as hepatic protective raw material

II. The purpose of the study

This research is to apply for functional perilla leaf extract as functional ingredient for
hepatic protection health functional food. Hepatic protective effect of functional perilla leaf
extract will be verificated in vitro and in vivo and standardized the functional compound

in perilla leaf.

II. The content and the scope of the study

We established the optimal extract condition of hepatic protective compound in perilla to
research the extraction process and confirmed the hepatic protective effect of functional
perilla leaf extract in vitro. We mesured the protective effect of functional perilla leaf

extract using serum and tissue biochemical method on various material-induced hepatic



stress in rat liver. In addition, functional compound of functional perilla leaf was

established and standardized.

IV. The result

We verified that the active compounds of functional perilla leaf extract, which are
caffeic acid and rosmarinic acid by HPLC-MS. In vitro hepatic protection activities of the
major compound in functional perilla leaf were measured, and the compounds had high
hepatic protection activities. Also, in vivo experiments, functional perilla leaf extract
administration group showed the protective effect against various hepatic stress compared
with the non-treated group. In addition, the standards of general composition, calories,
heavy metal content, agricultural pesticides content and microorganism about functional
perilla leaf extract were established for the enrollment of raw material of healthe

functional food ingredients.

V. The outcome of the study and further plans

The theory of this research was published at “Journal of Food Hygiene and Safety,
29(2), 146-151, (2013)” with the title “Protective Effect of Functional Perilla frutescens
Hot-water Extract Against tert-butyl hydroperoxide-Induced Liver Oxidative Damage in
Rats”, and paper with title “Perilla frutescens Modulates CYP1A1/2 and HO-1 and
Activates Nrf2 in Oxidative Stress—-induced Hepatotoxicity” was submitted to “Journal of
the Korean Society for Applied Biological Chemistry” and “Caffeic acid inhibits the uptake
of 2-amino-1-methyl-6-phenylimidazol4,5-blpyridine by inducing the efflux transporters
expression in Caco-2 cells” was submitted to “Biological and Pharmaceutical Bulletin”. In
addition, the patent of this research is registration of a license with the title "Liver
protection, liver disease prevention and treatment composition which contains functional
perilla extract” (10-1317551).

Based on the results of this study, these data will help register raw material of health
functional food. And finally, we expect that functional perilla leaf extract which has
hepatic protective effect, contribute to promoting national health by preventing life style

diseases.
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Kim and Kwang-Won Lee (¥ Su W.
A = a3
2 AHEAG| AAEE 2007 2007
A (%) 80% 40%
Hypericum japonicum]
AL @FFZE0] THAEQ FrFEES ¢ 154, &
o 217 HepG2 cell lines ©}-&3t 19 | Sd2HE a9 & 45 1%
TR gy 2Egas BANE AL | BHS 2= Fa 2AL astilbin,
gkel. quercetrin, isoquercetrin,
cynanchocerin, quercetind.
AQoZRE 75 B3 89 &
=} o] A T E RO HIE = o}O.
7(]']1:1 X] =T = E‘Id LHX]L ™ Q?J_?l’ 3‘101 O]-‘é
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_20_



m F=oly &

QBT 7

7o = AY
197 9 A AE o] e T 9ot
Ao s FE e WRE PARE AES
Forit glgfﬁo}:]—i e, = 2ol

= FEAEA

- 1::01]}\-]

B
i\
e,
P
Ho,
o

2. 7““21' 2= 6
€] s 3F R 7
= 7 Eﬂifﬂ}

ool =
ST T% }\Z]“‘
W= A= o
e Hﬁ\_ = _ © ]U:] alyl 3
s m;w e, A om; F, JFart Pl
y © OO, ?-5]—?:].—_, - == o‘g‘?ﬂ- - b 7}30
==2d B3 ;o 3 o #a oﬂ_?_cxi]?iq—% ﬂﬁjﬂ/\i;\] qeshe] gaelol
ot glr} ] RusEgio, ofE 19 olg 8o om 7

- 21 -



Al 3 A7y e R 2

o

A1AE:7sd 249 AY R 2371 HF 53 A+
(A LA F-: vRo] e HE MEQF)

1. 23 2 dHolgulo]2E o] §F 7| E2Y 7I=xARE 4

b AR 2A AR (AFELAR AHAR)
1281, SR O LR e

SRS

T SEARCH PHEHE 2004

LEF 0L B2 ) =

LIE | LE AL,

. Parllla irumscens Britinn var, lapanica Hum
Ana LAHETFBS

7|l

= B-He A Y 7He

A gAY AETHeRI B

B Z (0 BM} bk k]

R B o
o 2 o, A R Al A R
= R BxdA dalehm fot f=e] 3R] s TS P 80| B0 o, el B aohogo]
2 O aE A 7o L dos vol duien ASaieg s Alos vk Y= xgs vl =alo
ol em Do wol Boma|cl. BT 2K @A Aol 7 Wl Bol. §E s S 2R ANSOE Re s
of WalLE Each HE g r-15cm, U] S-BemE P AT SN A mpaalE P WA= e Eot a9
A XA E oL W B e X0 o 5o A 0| 3-dmme|E WA S, ofaEE
aE N RE wim gaEct HEE fo] a-Gree 0P G Ralo]l wirl o] olal ofy § ol Jck Wl BEEamima] Xy
Eisl o] = Sl HE vm W ES Sl TR pae) Rick S BE e ol WelA Rajo] o oW e
B Ly g e i g o). weshEn aeso, el Rolp AT oo o pesch, waol
A WA FIME SEr BT, o Gel £ N ELE AR e R p LSS e AN T, EOIE e e AR AN
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U 33 AT = 39 229 A3 4AL A=

789 (Perilla frutescens Britton var. japonica Hara)ell i3t ¢tAA x5 A Ad= v
o Zo
- Published period : © 2014. 8
- Keyword : Perilla frutescens Britton var. japonica Hara., perilla frutescens, A %
No. A ADB FANAE A A
1 Pubmed 0
2 KISS(Koreanstudies Information Service System) 0
3 Expanded Commission E online 0
4 Natural Medicine Comprehensive Database 0
_ PDR for Nutritional Supplements 0
5
(Physicians'Desktop Reference)
6 Toxline(Toxnet) 0
7 WHO monographs on selected medicinal plants 0
8 Tox-Info 0
FAAF BAE AR UHUA @gton], 5AS FAF GFFE ARolH EF dAA
#3 AF2 YA

U.S. National Library of Medicine °] W2 315X 2]Caffeic acid (&) 1~2%) HFHE
A=A forestomach papillomasE 2 & JQvtz FHoYrt AT ALY Q] caffeic acid
TF &S Pt st BH 3FFo] oF 48 kg AUS AHAAY A5 A FA
7F 4 2A7 e A2 ALdY, sHA T 2 AFAA AtEe AR HFZFLE A=A
tongue carcinogenesisE A= RIAE HIES kA= £AV glon o358 gt
71545 veldgd e 94+ 237t ok
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o %97t BESH F84, AAF LD A=
O3 22 dHolH HeolAE Fauste 23 R ARE FHIHA
H o] E ] o] = AR E FA4

Institute of Medicine(IOM)

http://www.iom.edu/

Agency for Healthcare
Research and Quality(AHRQ)

http://www.ahrq.gov/clinic/tp/garlictp.htm

European Scientific Cooperative

on Phytotherapy(ESCOP)

http://www.escop.com/publications.htm

German Commission E

http://www.salisbury.edu/nursing/herbalremedies/German
%20Comm.htm

Natural Medicine

Comprehensive Database

http://www.naturaldatabase.comy/.

Natural Standard. com

http://www.naturalstandard.com/

Physician’s Desk Reference for

Nutritional Supplement

http://www.pdrhealth.com

American Herbal

Pharmacopoeia(AHP)

http://ww.herbal-ahp.org/mission.html

U.S. Pharmacopoeia—National
Formulary (USP-NP)

http://www.usp.org/USPNF/

Toxline

http://toxnet.nlm.nih.gov/cgi-bin/sis/htmigen

EMBASE

http://www.elsevier.nl/homepage/sah/site/locate_embase.
html

Metabolism and Transport

Drug Interaction Database

http://depts.washington.edu/didbase/

FDA Poisonous Plant Database

http://www.cfsan.fda.gov/~djw/plantox.html

=t F 3 A B AME(KISS) | http://kiss.kstudy.com/
TradiMed http://www.tradimed.com/
National Toxicology ) )
http://ntp-server.niehs.nih.gov/
Program(NTP)
#87)&E3 e http://society kisti.re kr/
ScienceDirect http://www.sciencedirect.com
Eak R R Rl )
http://www.nitr.go.kr/
=4 EZHEDB
AEEAAF7} AR T - H2A o
Ry http://safefood kfda.go.kr/safefood_search/search_main.jsp
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Phenolic compounds protect HepG2 cells from oxidative damage:

A Relevance of glutathione levels
A &} Cristovao F. Lima, Manuel Fernandes-Ferreira, Cristina Pereira-Wilson
Al A A Life Sciences, 2006, 79(21), 2056-2068
Phenolic compounds$] caffeic acid®} rosmarinic acid®] ¢t-BHP At3 A E @
2 2o 3 B3 B3-S in vitro 1A HepG2 THAIEE o] &3le 3213}
At caffeic acid®} rosmarinic acid =5 t-BHPel| thdk B35 o] glo
o, ol AXE FAE S48t st
B 23}
t-BHPE ©] 839 cell death® /A Z o, caffeic acid®} rosmarinic
Cytotoxicity | acidE EF 100 1M A 3RS ol AX AEEo| F7lsles A &g 2
I =5A40] e Ao AT
A Efficacy of caffeic acid in preventing nickel induced oxidative damage
in liver of rats
A &} L. Pari, A. Prasath
Al A A Chemico-Biological Interactions, 2008, 173(2), 77 - 83
Caffeic acide #Y, & T EAs= 7FF 44932l phenolic acidZ A,
24 ZE el A A3t 2EH 22 fFEHE Nidl dis] 23 237 8 AL in
vivo FEANA gt
B 23}
Caffeic  acid
_ | caffeic acidZ 15, 30, 28] 60 mg/kg body weight &2 #F=o 204 &
BT ¥4 F

AR FH

BT FAZ A EHOE SolFE HHET 5 AT
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- Studies on the protective effects of caffeic acid and quercetin on
. chemical-induced hepatotoxicity in rodents
A =} K.H. Janbaza, S.A. Saeedb, A.H. Gilani
Al A A Phytomedicine 2004, 11(5), 424 - 430
phenolic compounds® & caffeic acid®t quercetine =y+=
A paracetamol®} CCLol 93] FEdH = 722 £4d dddsty Ragds
7IA = AL in vivo FFAA SsH .
i 43}
miced] paracetamolS lg/kg® F3}H X A}L9] 100%< Hl, caffeic acid
paracetamol ]l ) )
. fhes < 6 mg/kgE olHol Fo% H, paracetamolE FUIF FEE FoIH,
s catteic
) 80%, 70%2] AEES HYE Ao =ZH, paracetamold] 3 REF
acid®d SA o 3 .
5 sl HA7t JE AL st Ao caffeic acidoll HHE =S4 S 3FZ 5 ¢l
T = Ul
At
A Effect of Caffeic Acid on Tert-butyl Hydroperoxide-Induced Oxidative
Stress in U937
MIRELLA NARDINI, PAOLA PISU, VINCENZO GENTILI, FAUSTA
A &} NATELLA, MAURIZIO DI FELICE, ENZA PICCOLELLA, CRISTINA
SCACCINI
A A A Free Radical Biology & Medicine, 1998, 25(9), 1098 - 1105
i85S 7FA & phenolic acid 59 3F4Ql caffeic acid®] t-BOOH®
LA o AbslAEF 2o U BRI EAE in vitro $F94 human monocytic
cellgl U937 o]&3lo FA3ATH
Kk 23}
Caffeic acid
. | human monocytic cellgl U9379l caffeic acid& 10-400 uME A& A}
A & AX _
ME 540 AFAHA &S
BEE F2
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_— Comparative effects of perilla and fish oils on the activity and gene
. expression of fatty acid oxidation enzymes in rat liver
A A} Takashi Ide, Hideyuki Kobayashi
Al A A Biochimica et Biophysica Acta, 2000, 1485(1), 23-35
AL AFE AHAT ratd e A4 A FAAF 29 #A¥E FHF
2 o HHAEE AYsY S v, palmitoyl-CoA reductase®} 7L TAE Uy
AlA ALY AF3tE =91 pyruvate kinase®t 728 X HbAl A4S FE
st 1A LEE AA T AHE FRIEA T
Kk 23}
AL 3% © .
o9 Fojw = AN F5 29Z A=191-199 g/dayE AFFAE EEAHS o, Eo
ST Ve mage] BaEA g8
4 g
_— Effects of perilla extract on productive  performance, serum values and
. hepatic expression of lipid-related genes in  Shaxing ducks
A &} W.M. LIU, J. ZHANG
Al A A British Poultry Science, 2011, 52(3), 381-387
A FZ2ES 200 mg/kegd] BEE A 5097 TGS A, €%
2 o] HDLE& %7719 LDL& Z.}i/\l 7= A¥F%S YEhdHY, 1HY AFAFAE
#¥ ¥ FAC, ACC, MA, SREBP-1# 22 {F3xE JATS Uttt
vy 2%
Ny F2E . . s
No| = n AL FEES 28539 duckolA 200 mg/kge FEE 7|XRAMRE FH7st
T T g s0uz Be A% e RRee BE ¥ 4 A9L.
£ aF
dolg Ho]AE Tt AY FE2EY AdHA #HA AEE AAS A Ogd Ax
2 BE AL B FAYS s
TEY QA AR A AT A4 RN ATt WHse v @ A9 A7 A%
= JEA 29 mEa A9 2220 @ iy ATdE EAA Qe Aoz B9

.
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79,
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CEE
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Mtz
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21002 06074 06071 A
5 2IF&B) /22 kA
A9

50307 F 4RO 06074 06071 A

(2) AL F HFAF

AR F AFAFS EAIAR A), wold, EA4AER A), EAA A R), ERA(FZH),
AUEARUAUYE, A A), TIdBAR, AL AUNZ(FLF&B)Y HAFS 3 A= 14
o] AT (n=8019) A BT F+tEFE A7} 4.832£0.632¢/daydl AL E YEIG oW, H4&
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Q) 998 HHAF

AAMA)  age>1 12 3-5 6-11  12-18  19-29  30-49  50-64

qEy (1-8019) (1-243) (@=35D) (1=779) @=702) (1-692) (@-2251) (n-1613) oo = 281

(n=1388) (n=5944)

=AY, 1.893+ 0.082+ 0.283+ 0805t 0341+ 1611+ 2428+ 3.149+ 1306+ 2279+
AR 0472 0046 0114 0346 0074 0525 0548 1192 0631  0.599

0.001= 0000+ 00p0+ 0000+ 0000t 0000+ 0000+ 0002+ 0001+ 0.001+
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.001
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A A 0004 0000 0000 0000 0000 0000 0004 0000 0030 0005

=49 178+ 0306+ 0237+ 0503t 0626+ 1474+ 2164+ 2392+ 2247+ 2.094%0
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A
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a
zg—o
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4 89 A 2 Py
7154 ERAYE 100C €2 XS d/r¥d F23 5 22X FE2E ASEE
AzsAe. &3 758 EAY FEES 6719, 127197 BHBSHA FZE JH S 9 F9
s e, FEEY ANFE EZ &€FS HPLCE o839 SHAT
Instrument Varian Prostar
Column Waters Xterra RP18 5 um ODS2 (3.9x150 mm)
. A 1 0.05% trifluoroacetic acid B : MeOH
Mobile phase . )
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
U, 43 9 33
8 4. Jlsd 2 =& AE(A) 2 6Hg A2 22(R) Ald
FE A% 670E H3 12714 ®3
Caffeic acid 1.32 £ 0.06 nug / mg 1.45 + 0.14 pg / mg 1.29 £ 0.25 ng / mg
Rosmarinic acid 28.64 = 2.18 uyg / mg 32.71 £ 1.92 pg / mg 34.03 £ 2.37 ug / mg
FE2ES F& A5 6/, 12/1€7 A20A4 BRAsES o e tvE FL& vEy
A YT T3 FE2EO] ZAY FX= FJHE TAFHA o, o|FH9 AT #AEHZ
Eoktt T3 FE5d £dH F8 AEQ caffeic acid®}t rosmarinic acid =& <3S

WA ggkon, ol Bty 7T AL FEEY AHAES FdsA. 53
spake

S Yehlle S8 AR AR 229 dF2 F¥ 459 1271E 2 FE vuse 1
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4. 49 2%

1) #d A
AE Fd= A 4 7
a4 A 4o AEl suE 7R3 o] olm, o]FHst Px 1Ko &uI}t 9=
m, o] A7} glojol @ AZAe) 33
o] & EAZ 24
T & 10% o] st 4.1%
o g e A o A
Asa8 wse 477 As Qe
(2) BAA A
Al = 71 & 4 3
N A Ao AE FuE A3 oW, oW oAt Yz IFo FHsF
olF 7} flojoF T = A7 AA
o & =dF 2%
Sl 10% o] &} A3 45%
e + A o A
A WA 7 1g% 100,000 ]38t 2 &
5= 30 ¥ o]3t 218
(3 & AY
Al = 71 & 4 3
J. e Ae gulg AR ojn|, oW o)At gl ife FhUt e
5 c o127} glolok o AZ e @
°] = =HE E3Z
S 10% o] 3} 3.8%
o g e A o A
A REA 7 1g% 100,000 ] 2 &
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7t 43 3y
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AAA g A& B3 protocol E A HAFC1S A syt
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Protocol Mo. Perilla_Biobud
Version No. 1.0

Ad FE2E9 JAFE ANFE fsted olfAthstue] Aoy ug

Confidential

AHHEAE A=A

13|
1=

MAF==o| dF 7 27 A Siters0f
— - =1 — ols
O|X|= E&} et dE EH71517 2t
QN HEAH

Protocol MNo. Perilla_Biobud

Version MNo. 1.0

Version Date : 2013.5. 28

Confidential

= FIHEESAE HEHH EEE HE= SHO2HED| REXMO|E AET|SHE, AHEEL
H MR D BRRAR O W I AET| 2 Y| HEHEES| R HEIREE HE YU 2
HEME JHEBAES YA E= WIS YT §Fo20t MBY 4 USH, HH0|2HE
o Fo7 BiE A UED ME, =27 S 2 J|E YEE ¥ + gL
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Protocol Mo. Perilla_Biobud

Version No. 10

Confidential

O UASFEMNTAZ™M 8%
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He OdEEAY
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Sl EEA Y B | 2EAtes ol AEE 8
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BEA S FHEoEy d2E a5
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chEOwa YEiat dge o
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BEEARE (Y72 92 ofgE 351 X))
OlEoiToistn ME AU (HEA HOEF QinE 11-1)

Alga|z

RE 20gdz2H 12718

Aoy TH7s0 Heig 42
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Ax g HAA7] st E, 25%
F4, 50% +4, 10% F+4, 100% F4& A ‘3}01 A F= & 218 AAINAY. ¥
I AdEd §ulE 173X T FEEY HA FE ALE AA A
ERYY Fao AFE EAQ caffeic acid®} rosmarinic acide HEE A4S YER
APATE T3 st oen, E4YY Fo AE EZ0] HoE FEFHE 1 &
£ Ao E AAsAY. 78 EARAY FEE EYYE caffeic acid®} rosmarinic ac1d
< HPLC(Varian Prostar)& ©]-&3le] FA 3%t

10

als

By
2 o

P
o

¥ 1. Caffeic acid, rosmarinic acid®] HPLC #+4 =2

Instrument Varian Prostar

Column Waters Xterra RP18 5 um ODS2 (3.9x150 mm)

A :0.05% trifluoroacetic acid B : MeOH

Mobile ph
ObLie Phase 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

ook acd (A58

o [T

19, Caffeic acid, rosmarinic acid9] A 2w} E 15
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a9, gvo] u}2 caffeic acid, rosmarinic acid &F 3

Zy g2 caffeic acid®} rosmarinic acid®] &#FE& FAINYS u, caffeic acide EF F
Z 9 A rosmarinic acide 25%< 100% EtOH € W 7} A Uelgd iz 528 & 74
<%, EtOH= A4F vl &9 EA7F A2 4+ Qo2 F rosmarinic acidE 25% EtOHZ A A st
o A 85 FE2EF 25% EtOH FE2EY H3E &4 Alx 344 A 3 M3

¥ $4S Ueie 408 Agstgoh

2) F= AN B HAF F5 A HAA
FE XIS 1, 2 3 AR YUY FE F VA ERYY Fo HEQA caffeic acid9
rosmarinic acid® HPLCE o]&3te EAMFYGTY. FF F8& o] &3t caffeic acid9t

rosmarinic acid®] S AL T
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MTT assay
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2 80
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b
= 60 L
Q
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40 -
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0 T T T
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ANE BEES F 7HA FEEC] EF HEEA AF2EH2E dANIIE A& FAT +
AATh AT GSHE 4% €5 F2EE HAEFA ALsAE o o g §IFE 7Nz
JdE Aoz JEyh

= + y-Glutamylcysteine synthetase(y-GCS)ol| ¢]3}lef ¥
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%
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v-GCS enzyme activity
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9. ¥y-GCS &4 84 2 44 24 4
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=10 |
-20 \
mAU 1
40 § ||
30 o
20 % \
10 ,
0 S~ —J\ - - — —
-10
-204 |
mAU -
80
60
40 2
20 ﬁ |
N - | -
-20 |
T T T T T T T 1
5 10 15 20 25 30 35 4
Calibration Curves
Area - RA at exp. RT: 21.99%¢
1200 4 DADl B, Sig=330,4 Ref=off
h Correlation: 0.99980
10004 . m e
1 Residual Std. Dev.: 12.1880¢6
800_: 3 Formula: y =mx + b
600 m: 262.77131
400_f 2 b: 8.08561
1 1 ®: Amount
QDO_; y: Area
0¥—— ——— .
0 2 4
Amount]ng/ul]
Calibration Curves
Area 3 CA at exp. RT: 15.211
3909 % | DAD1 B, S5ig=330,4 Ref-off
300 Correlation: 0.99972
2503 Residual 5td. Dev.: 3.79424
, Formula: v = mx + b
200 m: 70.13301
150 b: 4.67494
1004 2 ®: Emount
1 1 y: Area
504
¥y
0 2 4
Amountng/ul]

a9, 754 35F0 A=vEad 2 ¥ AF A



Caffeic acid®} rosmarinic acid ZFEZ 5 mg/kegd 4] AZrEIRL I 7
caffeic acid® retension time< 15.112 #°]1 2, rosmarinic acidi= 21.989 #o}&lt}. o]

Ag RN M I3 FANGE BYD FASE $5HA% B8 4442 Ug

2]
ABATFRYE FEEHE FY98td dojd Ha9 7 Fxd HF HE Tt AESY
gl 0.99 oldo g WnEd F£Fo|Qt}. caffeic acid®} rosmarinic acid®] 4 A% A< A
SHAl= the B9 2

¥y

i

me oo rlo

. Caffeic acid®} rosmarinic acid EFF9 4 AE3A 2 24 AF3A
Caffeic acid Rosmarinic acid
A4 AZF oA 0.03 ng/kg 0.07 ng/kg
A HE ¢4 0.01 ng/kg 0.02 ng/kg
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3. 71548 &4 FE€9 %Ed A7

7 438 3y

Instrument Agilent 1200 series

Column YMC-Triart C18 (250 x 4.6 mm, 5 um)

A :0.05% trifluoroacetic acid B : MeOH

Mobile ph
PPRE PRS0 min 1 Sol. A / Sol. B (100/0), 40min : Sol. A / Sol. B (0/100)

Retention time 25.8 min
Flow rate 1 ml/min
Detector 340 nm

(2) 714 E4d FEE9 AX EF 9

HPLC-MSE& o] &3t 754 ER2Y FE2E9 AR EZQ rosmarinic acidg £AFSE
o3},

Instrument LTQ Orbitrap (Thermo Electron corporation)

Column Thermo Fisher Scientific BDS Hyperil C18 (150 x 2.1 mm, 5 um)

A :0.05% trifluoroacetic acid B : MeOH

Mobile phase . _ )
0-15 min : 5-60% Sol. B, 16-20 min : 60% Sol. B

Retention time 29.47

Flow rate 0.25 mlL/min
Spray voltage 42 kV
Capillary temp. 230C

Capillary voltage 2V

Mass resolution 60,000
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. 23 2%

(1) 7154 529 A% €2 ¥F 53

Data File D:\DATAN\JHL\REEXP-HMF\CFTIHMG 2014-08-20

Sample Mame: Lot #1-1

12-02-Z&\1ER-0501.D

Acg. Operator
Log. Instrument
Injection Date

hog. Method
Last changed
Analysis Method :
Last changed

: HR

Seqg. Line
Instrument 1 Location
B/20/2014 8:10:33 PM Inj
Inj Volums

: D:\DATANJHLA\REEEF-HMF\OPFTIHMG 2014-08-20

Bf20/72014 12:02:23 PM by HR
D:\METHODS WHCO\MRP (G+L) \MEP-30MIN.M
9/15/2014 4:08:01 FM by HR
[modified after lcading)

: P1-E-01

1
: 20.0 pl
12-02-2Z6\CA AND BA.M

DD A, Sig=254 4 Ref=off (D)DATAUHLREEXP-HMPOPTIHMG 2014-08-20 12-02-2841EA-DS01.0)

mal ] _ %3 et
7 2 a’ﬁ
204 g §
E @
A EE L : |
10 o 1 8 r ﬁ & oo~ )
402 =820 - exleag ) g
R S " /
U—:"’"Jm_ el | el e U
- 10 @ @ 0 50 i
DADT B, Sig=340.4 Ref=off (D2DATAUHLREEXP-HMAOPTIHMG 2014-08-20 12-02-2641EA-0801.0)
AL 3
g
= A
w
40 g ‘
wy
0 & m
» ol sl | 23 %
10 ;Fﬁ‘_‘]ﬁ | Fa — & —
B _____;Jﬂ_' 3 — ____'_'_'____— V’_
1
T T T T T
10 20 30 40 50 min
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, 5ig=254,4 Ref=off
Peak BetTime Type Width Lrea Height Area
% [min] [min] [mAU*s] [mad] E
-— - | === |-
1 2.523 BV 0.1358 7 1.01316 0.30891
2 2.934 VB 0.1e44 3.97775 3.21277e-1 0.1364
3 5.212 BV 0.2009 17.56333 1.41450 0.&602
4 5.517 VB 0.1608 12.70172 1.26839% 0.4357
5 5.B535 BB 0.1544 26.81255 2.83278 0.%187
Inatrimant QAESNTA A-NG-S8 PM HR Pag.—z 1 of 3

Create PDF files without this message by purchasing novaPDF printer (httpfiwww novapdf com)
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Data File D:\DATAN\JHL\REEXP-HMF\CFTIHMG 2014-08-20

Sample Hame:

Lot #2-1

12-02-Z&\1ED-1201.D

Acg. Operator

Log. Instrument

hog. Method

Injection Date

Last changed

Analysis

Method

Last changed

: HR
Instrument 1
B/20/2014 11:13:31 FM

Seqg. Line
Location
Inj

Inj Volums

: D:\DATANJHLA\REEEF-HMF\OPFTIHMG 2014-08-20
Bf20/72014 12:02:23 FM by HR

: D:\METHODSWHCOWMRE (G+L) \
Bf2372014 Z:50:55 FM by HR

P-30MIN.M

. 14
: P1-E-04
H 1
: 20.0 pl

12-02-26\CA AND FA.M

DADT A, Sig=254.4 Ref=off (D2DATAWHLREEXP-HMROPTIHMG 2014-08-20 12-02-26841ED-1201.0)
mALl k| - ur
o o3 s I
| o ur
] —t+ - & + = o 2
o] § BEME F :'?%%?ij' & —Tls
] i - P -
s el s SesZiE A NEL :
10 55'
: s
04
EVE )
T T T T T
10 20 a0 40 50 mnimn
DADT B, Sig=340.4 Ref=off (DADATAWUHLREEXP-HMROPTIHMG 2014-08-20 12-02-2841ED-1201.0)
mALl uy v
50
40 0
0 per
20 0
o - ¢ @
10 PEp
o b - |
20 T T T T T T
10 40 =0 mimn
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL A, S5ig=254,4 Ref=off
Peak RetTime Tvpe Width Lrea Height Area
£ [min] [min] [mAT*s] [mAT] %
e e BT B e ] EEEE
1 2.526 BB 0.1047 7.29%937 9.60258e-1 0.2171
2 5.239 BV 0.1851 17.66692 1.50383 0.525&
3 5.545 VB 0.1566 13.30161 1.33062 0.3957
4 5.879 BB 0.1510 26.66987 2.80411 0.7934
5 E.561 BV 0.1822 11.32670 1.08121 0.3370
£ 7.014 VB 0.148 11.87364 1.303&%9 0.3473
Inatrimant GQAESNTA F-4FR-47 DM HRD Page 1 of 3
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Data File D:\DATAN\JHL\REEXP-HMF\CETIHMG 2014-08-20 12-02-2Z&\1EG-1501.D

Sample Mame: Lot #3-1
Acg. Operator : HR Seqg. Line : 15
Aog. Inmstrument : Instrument 1 Location : Pl-E-07
Injection Date : B/21/2014 2:1&:30 AM Inj : 1
Inj Volumes : 20.0 pl
Acg. Method : D:WDATAMNJHLNBEEXP-HMF\OPTIHMG 2014-08-20 12-02-Z6%\CA AND RA.M
Last changed : Bf20/72014 12:02:23 FM by HR
Enalysis Method : D:\METHODSWHCUOW\MRPF (G+L) \MEP-30MIN.M
Last changed : Bf23/72014 Z2:50:55 FM by HR
DADT A, Sig=254.4 Ref=off (DDATAWHLREEXP-HMROPTIHMG 2014-08-20 12-02-2841EG-1501.0)
maL 7 I§ &
] u
15_- " § ‘
103 %9 8 T
] - a -]
I ﬂm ' g = | = 3 .
3 o r = i
o — b S 5% e || 3 .
53 xmrﬁnlwﬁiﬁabkﬂ | e
] Rva P \
ELE —— |
1 T T T T 5‘0 K
nnin
DADT B, Sig=340.4 Ref=off (DDATAWUHLREEXP-HMROFTIHMG 2014-08-20 12-02-2841EG-1501.0)
mal 3
50 ol
F "
03 3
ENE g '
1 @ ]
204 "I- |
] =
IU—: | | |mﬂmﬁ E
. \ﬂ Jm i
-10- T T T T T T T T T T T T 1 T T
10 21] 313 40 50 min
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: L0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL A, S5ig=254,4 Ref=off
Peak RetTime Tvpe Width Lrea Height Area
£ [min] [min] [mAT*s] [mAT] %
e R B | —————————- el Bttt
1 2. 0.1211 7.61981 9.98172e-1 0.2810
2 4. 0.2548 16.95638 1.03769 0.8252
3 5. 0 ] Z0.15723 1.56785 0.7432
4 5. 0 38.98000 3.10517 1.4373
5 E. 0 6 15.64208 1.28110 0.5768
3 E. 0.1454 10.98234 1.218630 0.4053
Inatrimant QAESNTA A-2T-44 PM HR Page 1 of 3
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Z} ot ARvEIRL Sy gow 258Fd FYSA rosmarinic acid peak’7} T

Atk =3 7} lotd rosmarinic acid®) ¥d#HL 1S ¢ 2t}
Lot number Rosmarinic acid 3%
#1 27.19 + 1.08 ng/mg DM
#2 2842 + 0.44 ug/mg DM
#3 2855 + 0.21 ug/mg DM

Zt lotol W& rosmarinic acid &F<9 Hole YEIYA Efeor, 7T ERY FEELS
27~28 ug/mg DM %9 rosmarinic acidE F&3lE= AL gdad F+ Ayt

(2) 714 E2Y F&E Ax E4 9

HPLC-MSE °|&3l9 7|54 E4Y FE5E9 AXEHQI rosmarinic acidg &3t
rosmarinic acid £%& 22& o] 82359 w, 194780 A peak’t BEFH QoW I
FEEAME 2 Ao peak7t #EEHJTH T EAFE 61E YEET

Korza_FhO14£1267 RT: 19.52 AV:1 SB:69 B.ET-833 8731030 ML L11E4 7
T: FTMS + p ESI Full ms [B0.00-800 00] { A
| 310140 |
] CuHrO
.:..:.__ . .-/.-
50
20 ] 1 57303
4 LSy H; DG
70
360 54308
3 60+
o 807
z i
5
I 50+
£
5]
£ 404
0]
204
10
:I T T T T T T T T I T T T T I T T T T I T T T T
157 358 358 380 el 36z
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RT 0.00-2500 Sh 15G

1.88 ML:
100 4.2E7
20 TIC MS
Korea_Phl
20 ]
5 70
&
g e
Z =0
o
& 40
o
o
E 20
20
10
o ML
100 7.55E3
20 =
e S 361.09111-
&0 261,05827
S 70 ]
E &0 Kaorea_Phl
1
5 1828 ygqs
T 50
z
:E 40
o
= 20
20 1576
10 2088
{lllllllllllll||||||||||||||||||||||||||||||||||||||
0 2 4 8 2 0 12 14 18 18 20 22 24
Tirre {min)
19. Rosmarinic acid XFF9 A=vE1Y
RT 000-2500 Sht 15
1.68 NL:
100 4237
TICMS
2 o Koma_Phii
c
m
248 551661 7.
€ e z P25 1055 1181 4349
2 2958
o 4
&
k=
& 20

0 , ;
1947 | NL
100 '\ T55E3
. o m /2=
e 3610811+
80 36108327
WE
15.29 18 14 Ko ra_Pndt

Ralative Abundance
& 3
tor le vl een bl

20 1576
20.88
e i T e e AU
0 2 4 ] 2 10 12 14 18 18 2 22 24
Tirne {rmin}
ag. 7154 EAY FEE9 aEvEaY
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=

AF ¢ 20068 E H= 653 Sprague-Dawley Rat RS (F)MNEL L2 E
Fdol AU HE ASAR & AFd G2 dHyHol 939 contorl ¥ 57,
tert-butyl hydroperoxide (t-BHP) AT 7], AYd FEE =2 AT (250mg/kg,
500mg/kg, 1000mg/kg) Ztzy 10vH 3T o E o] & 1F F¢ AMSIIATE FEANS A9
SEE 0~22T, FE 50%, AL 1247 B 2BO7:00~19:00& FAFALH, 23} 4ol

AFEAE AR,

rr

(2) tert-butyl hydroperoxide (¢t-BHP)oll 9|3 7+ 54 9 2 FEA4
28L& tert-butyl hydroperoxide (t--BHP)el|l 93] +=2"H H=

Ao REaHAE A7 3 PP, 5, At EH2E FEst
5 ZAEH] f8 19 18] 547 A A BT FAHOE 17]FA4
=¥ 2 Z}7F 250 mg/kg, 500 mg/kg, 1000 mg/kg bw FH3 T,
b.w. t-BHPE B FAStY F4 1 548 A 54 FASA 18417 &, dH=Z=

FFI

o
=
)
2
f.
o
3

%
1]

q
o ¥ FAS Az 24 BAL 98 10% E2wd Sl ZIAAG. duA T 27
e A

sp3he £AE 93 dA a2 35 ¥F F 70T AFsAT AATE 4L 3000
rpm, 4T, 15 23t AAEste] H S 2sta B7s EYAsE &4 A7A -70TC
B AT

(3) 4 AssHA 2 A

A

1F AA AT & dAREsI HWS Hof 4 S SAHS
d2 Bayer(USA)AFS] AST reagent kit, ALT reagent kit, LDH reagent -%
71 & AHEste] EHAA FA3sIA T

o>
)
<
>
—y
S

%
M
iy

(4) T+ =APFA P4 A F7t

Hematoxylin & Eosin stainingS d¥b FMolgt 2w 7173 7|2 A Q0 23 dye=zn
AHEHAT. B FFE FA8H) -‘?4’5‘}04 AHE e 10% 24 S
5, 24X Bt g 4B E AA 234 W3kt paraffing HFste] et A€
EE22 5 ymE AAL Y59 &= Oﬂ ‘:‘ﬂ, ﬁ}_?ﬂ 3. xylenel & paraffine A 7 3t}
Hematoxyling <¢Fg7|Adolmg dtd ZAgsle Mg AFMoz A Eosin® Aol =
2 G714 E 7R iAo AFgste MEZA S ETMoE dix gAgY. Ay 93] dol
v A Wst= 33 dvjFo® AR

(5) 23 Asstd 3 A4
t-BHPOl x=Z&o] HH HAWAYSZ 23] Asputso] Aoyt 23X &2 ATl =3
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2bet 2EF 2o o8] AAEE carbonyl 3EE ¥ malonaldehyde
AE & AS2A MDAE + A9 TBA® 3 Ex9 MDA7} #ES-sh
o Ao BEIRAE JAH3= AL A3 Wdolt

SYNK OH HO JN\I‘[/SH
N N
N SCH—CH=CH” Ny
OH OH

2% 6. TBA-MDA A9 724

O+
i3 -

7t 23 & homogenizerE ©]£3t4 1.15 M KCI buffero| A 2 v} 3 o8 I 459 05
mLol| trichloroacetic acid (TCA) buffer (0.25 N HCl, 15% trichloroacetic acid, 0.375%
thiobarbituric acid, 0.01% butyl hydroxytoluene) 0.5 mLS F7}ete] A5 AF} wjkd S A
A 95T FZAAA 308 T €9 F Aoz 4HA n-butanold ¥ AEF ETET 44
£ (800 rpm, 10 min) & AZ=HL exitation 515 nm®t emission 552 nmolA & FEX 7=
o] &3} ZA g thiobarbituric acid reactive substance (TBARs)=
1,1,3,3-tetraethoxypropane (TEP)2] Ato] o]t 714=E 3| & 9L oA malondialdehyde (MDA)
equivalent®] ZFF4-E A4S oE, old gAS FAHXE MDA F% (pmol/mg protein)=
27180,

(6) =4 4 glutathione ¥F =4

GSHe % #2 99id JAetol=2 AEUdA AdHoz A ol SFEHE,
=284, AlZH 1Y MZFA] ofm]Aito] ARG dhte] ERFEolER AE W it 2=
AEe] A& HFHd Edolyg. 53] 7+ AlX U9 GSHE ROSY 9§ M3 AEHAZHE
ZF AEZE B3sE 9S8l 2 FeA0 mj$ & Aoz gaA Uk

&S 7+ 23 100 mgS 1 mL9 50 mM N-Ethylmalemide (NEM)& £33 3 ultra
sonicatorE ©]&3te @3} I} #2FHE &R perchloric acid (PCA)E 5%9 T2
7Fstx 1000 rpm, 4TColA YHEEE AA ST ATHAS 1 mL9 0.01 M iodoacetic acid
(IAA) 100 uLE A7 ¥, NaHCO3& olgstd  FA43 d9. 1 F
1-fluoro-2,4-dinitrobenzene (FDNB)E& o] 83} #=#)3}3te HPLCE o]&3}9 glutathione
S SA T

(7 54 £4

EAIAEl = SigmaStat(Systat Software Inc., Point Richmond, CA, USA)S Al&3tH
ANOVA one-way=® 9 2Hp<0.05) AAE A4t
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. 23 2%

() A3 712t 3 BFAY Aste o] AAF
R, Aol 223 5% 74 1F 2ol foHe Ao B UehiA wgch 49 71
F BRAE 2E aFdA Age degon, 2 257 f949 Aole U
A etk ol @3t £5F TR 647 4 APTY FAHA Aol vhehA gkt

2) Z AT Be 7] A
Zroluh Ao} 22 R 24 A% Tg
EXZ OF el /s EAA 728

[e 3] S = A=
A RGeS A T Jh

o2 He FAS wgon, 9 4%
Folo] ofs) Aot Wi g )

b

(3) 84 Assa 3 HA

8% % ALT (alanine aminotransferase)®} AST (aspirate aminotransferase)= IHAX U
o e TARE SAHOE AT AXY FAe 7+ Ao #Irt g wE
aminotransferase’t @22 FEHo] £ 4E UelE AoE 1+ &4 ANEE AHE
2 v} LDHE lactate dehydronasedts FE3 AR npx 9 GAo] 2= T4LZ 9
LDH+ 7, 2%, =274, ¥, A%, 487, A% T Bo] £33+ E4¢. mahA] ol &4
2 4% LDH A& F7IstA €t
g3 £ ALTY ASTE 7ZHAE Uo dE B4 E GPT (glutamic pyruvic transaminase)$}
GOT (glutamic oxaloacetic transaminase)2tx 3t} o] 452 A9 BE AV|d A3,
o] & ASTE A%, 2, &4, 8F Wl 2 EA8ta, 80%7F AX W vEZ=golo &
A}, ojo] HIE] ALTE F2 ol X3 AXAd &A%} Fig. 2, 3914 BE u#F<
#Zo] ALT, AST= t-BHP %9 o|F dHAss w7 =l Hla 242 71.0 (U/L), 264
(U/LE ¢ 294, 1,74w19] F71E YErdY. 7]sd A FE8 F972 250 mg/kg, 500
mg/kg, 1000 mg/kg TNA ALT &4 Z+z} 52.0 (U/L), 43.7 (U/L), 37.0 (U/L) &=, AST
gl z+zy 2157 (U/L), 2130 (U/L), 1920 (U/L)e.2 YElyt =3 LDHY 25 4y A
AF} u7ed AL FEE FITLE 1000 mg/kg Tl Aol 22 3540 (U/mL)<k 1933
(U/mL)2.2 -BHP T4 HdA 953 49 A4S #aA7l= &35 2o +-BHPY
o 7+ Ao U »E gV JdE ALZ YEYT. T3 7T A EAY FEEANA A
FTEo Hla] LE=olA © =& t-BHPo| 9% 1k 540 g s 347 et
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AST

350
300 | T
250
200 | = -
150 | €
100 |
s b
0
PLE (img'k
Control +-BHP (mgks)
250 300 1000
ag. 7S EAY FEE 9% AST 54
ALT
100
20+ -"
g0 L
0o
o -
20 b -
0
PLE (mg/kg)
Control +-BHP .
250 500 1000

a9, 715 EAY FEE4 o3} ALT 53
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(4) AAAL31e] AARA HI}

o] Aae XY &4 Ao AHY Ao Z AFE W reactive oxygen species (ROS)7} 2
At AAZA "o g $iEo J' BEXIA LN FAUAAE AASIA "k o] ZA A
AR Aubgo] FoE 1w XA A& A peroxyl radical® alkoxyl radicale] A H
th olAEL F2EA9Y AP lipid hydroperoxideE AAAdEH oy EalEo]
malondialdehyde (MDA) 9] aldehydeE AdstA H. o|Z2A AAdE AZAHF4s 52 Azt
9 —':E*Tjr’“2 SN AR £4& oA Gl g FIAZY. o2 Ad] Lol
THAs} 18 T AT AHS oA "o B A e TBARs Hel 93] A&
Atste]l AR E S malondialdehyde (MDA)E A3 Y. TBARs WolA+ thiobarbituric
acid®} E X 3}A|Ato] ¥F$3le] malondialdehydeS AA3H oA HL WS oA Hrl
o] £& W& mE EZS excitation 515 nm/emission 552 nmell A =43t}
A8 1F2 control¥ -BHP ¥ A3 I1F, 181 -BHPS 754 AY FE5ES ¥
H2 250 mg/kg, 500 mg/kg, 1000 mg/kg bw. & Fo3 aF o2 YF Aoy, t-BHPS
E4E dode EZE T ASFAEH2E FEdte] 5 FAHA QT
Ad A3 +-BHP 9 A8 g 1852 control Z1H XU} lipid peroxidations o] 407 ©o
MDAE AT As Yed AT, 17|54 Y FE5& FAF% 252 EF M
AE HAEANZ A& el o Fig. 394 Re viet Zo| 1754 AL FEES 250
mg/kg, 500 mg/kg, 1000 mg/kge T =R % 1FS +-BHPE A#d 1Ed o
Z}Zy oF 1.290, 148}, 29 A3 Aoz ey 953 =2 MDA AL &9 -BHPel ¢
gt Zl A tid B3 5947 &S vEldY B8 17548 AY FEEANAN &t
To H& o =& MDA HAE €9 ¢-BHPo| 93 7+ 54 dig » =]

H

[e]

-

o _>.i
Jﬂ

ol

AT

TBAR assay

300

150

Relative control (%)

50 -

PLE (mg/kg)
250 500 1000

Control +BHP

a9. 71548 824 FEE 43 AAH}As £A
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(5) 4 Y Glutathione &F A
AdFL d=73 t-BHP 05 mmolkg bw. HET, 2754 AL FEEF 1000, 500, 250
mg/kg b.w.Z t-BHP 0.5 mmol/kg bw. Zo] A Aoz UHAZY. t-BHP 05
mmol/kg bw. & A3 I L hEFd B3t glutathione o] oF 85% AE FF o
2 A3 E AE UegUAIR 271548 AU FEES TEEE AYIAS o GSHY TH
o] F7lste AL e 53] 1000 mg/kg b.w. & t-BHP 0.5 mmol/kg b.w. 3 20|

zTo) Hste oF 130% AE F7letE A3E et

e B FY9HA AolE vERT t-BHPO olg 1 &4

e}

A

008

mh1 GSH/mg protein

0.06

0.04

0oz

0.00

PLE (mg'ke)
250 500 1000

a9. 7154 S22 FEE A% 3k 24 Y9 GSH &% 54
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OEZEEETIES

be] =AY AR A B 2 7T WsE &so] e A, ¥% 7™, ¥H
2 st % 715 H Fele #Fste] 29 Add o5 AAE = Aolth Fig. 13614 B
= viep o] 2T (A)e BAAERA o] Fglo] Hoelw 1 zhAo] dAsta, F Ao
A2QTEE #EFY & glon, t-BHP AZTB)2 AX JAHEEE)7 #FHAG. 27154
EAY FEE F97(C, D, B)2 txa# vustAdE W HAE9 necrosis B54LAY A
ol HolA o} t-BHP 9% 7+ &42 IEHISS & + o
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Egdtol dFAL AE ASAZ F ATl WE G ke diEa 7wk, carbon
tetrachloride (CCl4) A& 7], AY FE2E =2 AT (250 mg/kg, 500 mg/kg, 1000
mg/kg) 27 109t 32 yFo F 1F T ASIHAT TEASAY 25+ 0~
22°C, €% 50%, AF 1272 BS =

4g AR

(2) Carbon tetrachloride (CCl4)oll ¢jg 7+ =4

2 A& CCLol 93] ="l =9 3 54 dg
7] f18) M3 At. F, ASAEHAE F
3] 5Y7F dAAN BAFFAROE 74
mg/kg, 1000 mg/kg bw F93 F FE&
L9 1 mL/kg bwo=z 57
g gzetr FA4E A3

AE Az ZASHH FA]

dol REgHs v
2IHE ZASH] 98] 191
=42 27 250 mg/kg, 500
CCLS} olive oil& 1112 &E33
AT AEHZE wHAZ F

, e BYAETE e & F
1729, UdA 2t 23L& A3s
Tol ARZsHFT. AF dH2 3000 rpm,
A7k @3N EE 24 A7A -70°Col Bast

iz
9‘L
S
e
Q
iy
1o
)
o2
olf fot

lo_{nl

>

oL, Oz mm

—
oo
[\l
NG
>

-

M

N

>
>
P,l',
N
il

>y

fr
ox,
o A

Iz
(S}
o2l
=)
o
it
o
lul

dd AEES IF AgFol| AT & dAEsI EHTE Hol &4 S SAHT
&= 2 Bayer(USA)AFY] AST reagent kit, ALT reagent kit, LDH reagent kit<
ADVIA(Japan) #4715 A}&3te] EH A FAsA ).

(4) 7+ =4PAsHE PJ4£ A A7}

Hematoxylin & Eosin staining= ¥ @Aojg} F2w 71 7| 2A4Q X3 PGP OZA
ARG E AT HEeE dFE S8 fstd AHE S 10% TELEYE ol gt 1A
F, 24X s g ABE AAH 2AE FHISIY paraffing JAFte Tujsitt. $4 9
E22% 5 1mE AL BEo &Fol=e =g, AXRI T xylenelE paraffing A A o).
Hematoxylin ¢fg7]A4ol22 it Adste AL AFMow GA Eosine FiHdol=
2 FG714S 7 a9 AEstd MEEE EFMoE dix A%, ddd 93] dol
W 229 ¥H3te 3T dAv|F o R HAASIA Y.

(6) =4 AsstA +A HA
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TBARs &AL 979 A3 ~Eg 20 93] AAEE carbonyl 38E % malonaldehyde
(MDA)S] Aol 2AE & Zo2Z4 MDAE F+ 229 TBA9 & £x19] MDA7 #H3-3}
o Aol EIAE FAH3e S FAHSE WHolth

7t 244 homogenizerE ©]&3lo] 1.15 M KCl buffero] A 2 w3 3 t}& 71 A5 05
mLol| trichloroacetic acid (TCA) buffer (0.25 N HCl, 15% trichloroacetic acid, 0.375%
thiobarbituric acid, 0.01% butyl hydroxytoluene) 0.5 mL& #7}sled A5 A3 vt 3
A BT FxAA 30E T B F F2o=2 AFA n-butanols ¥ AE3 ST A4
e (800 rpm, 10 min) & AFZ=HL exitation 515 nm®t emission 552 nmolA dFEX 7=
o] -85t S35t thiobarbituric acid reactive substance (TBARs)=
1,1,3,3-tetraethoxypropane (TEP)®| 4tol & 7h+=&3| 2 ¥z malondialdehyde (MDA)
equivalent®] EFIAS ZFAT g, oo AT SAHXNE MDA 5% (pmol/mg protein)ZE
®7] %

(6) =& Y glutathione IF =A

GSHE "% 22 99d o=z AXUdA Adxoz AHdAY. oje FFEHIE,
=84l AZHRIY A7LA] ofwm|i=ite] AR slube] ERHEolER AXE U F4E 2=
MEo AEN FFAHA EZolg. 53] 3 Alxdl9] GSHE ROSH 93¢ ASl~Eg a2 i
7 AXE BI3E 9EE st 1 T840 vl & ASE 4#HA U

&3 7+ ZF 100 mge 1 mLe 50 mM N-Ethylmalemide (NEM)S £33 *
ultrasonicatorg ©|-&3le wA3 o, T AsH 8 Ao perchloric acid (PCA)E 5%9 %
2 H7ska 1000 rpm, 4°CollA YAEEHE AA3Y. A5HES 1 mLY 0.01 M iodoacetic
acid (TAA) 100 uLE #H7Fg 3%, NaHCO3& ol&sle FA3 o o &
1-fluoro-2,4-dinitrobenzene (FDNB)E& o] 83} #=#)3}3te HPLCE o]&3}9 glutathione
dFS SAT

i)

(7) 23 4 Fis @4 a4 2l
(7}) Catalase activity
7+ A< 50 mM phosphate buffero] 23 FA3} A]ZIth o] E 13,000 g, 4°CAl A 15 £3}
AAEY F A5HE AT 5% KoCroO7 T84S 50 mL %= § 150 mL9] glacial acetic
A

h
28 ¥o] 200 mLe reaction solutions THETE T3 ZTEAFIAL HOE
=
T

o] §3e] WET
W the Eoh Zol WAHT
0.2 M H0. 800 uL
50 mM phosphate buffer 1000 pL
Enzyme 200 uL
Total 2000 pL
Whe g4E F B EoA 1083 Q0 F 570 nmollA FREE SH T
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(1}) Glutathione peroxidase (GPx) activity

7+ 24$ 50 mM phosphate buffero] ¥ a2 #3283 A)Zith o]F 13,000 g, 4°ColA 1587

r
Ul
r-|m

AAEE F A5dE FAgoh 92 o5 B9 Fo] AP
Blank Sample
1 M Tris-HCl 50 nL 50 uL
0.1 M GSH 20 uL 20 uL
1 unit GSH reductase 100 pL 100 L
1 mM NADPH 150 uL 150 uL
Sample (enzyme) - 100 uL
H20 660 nL 560 uL
Total 980 uL 980 uL
Ll 37°C°ﬂ/‘1 187 AYstar, ¥-& $ 35 mM t-BHP 20 uLE 2t oA 37°CollA
183 9H&A1Z1 & 340 nmoll A FFEE SA T

(t}) Superoxide dismutase (SOD) activity
7t 2% & 50 mM phosphate bufferol] Y3 # &3 A|Zlt}h o] E 13000 g, 4°CollA 15E7+
YARY T AS5dS FHIg vEe gL F9 #o] A3

Blank Sample

1 M potassium phosphate (pH 7.0) 50 uL 50 uL
0.1 M Xanthine 250 L 250 L

1 mM NADH 150 uL 150 uL

1 unit LDH enzyme 30 uL 30 uL

5 mM EDTA 100 nL 100 pL

Sample - 100 L

HxO 400 pL 300 uL

Total 980 uL 980 uL

o

Hk8- 0 23°Co & A 8Y3taL, Y& & 1 unit xanthine oxidase 20 uLE ¥ &tu}t 1

340 nmolA EF=E A3

i 9}
[S—
M
o)

B) =38 WY 9% #4 cytokine 2] mRNA 2 dud ug =3
CCL 7+ &4 R ojn] Q#fdFH Bo] ALLH 4z 34 7 SA4E 4o

=B g F o) 0 7| =
222 dHA o CCHY =58 5 7 <47 dEo] 94353 #AHH cytokineo] EHH
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i £3] Tumor necrosis factor-alpha (TNF-a), Interlukin-18 (IL-18), IL-6, IL-10 ¢ B}
ojemtAZE de <A Uvh. wEA B AFdA%E 99 vlolentAE E8&39 JITAH B
Ad FEEo] 7 &S HIsH, dF B cytokined AL IFE v|XE= AL 9
st ™. mRNA w3z 2dE& SAs7] fate 7+ 23 01 g= HZFstd 1 mLe¥ TRizol
solution®ll ¥+
Pestles ©]

& 733} A7l ¥ chloform 200 tLE ¥ 3 &Et} 12,000 rpm,
4°Coll A 1587 A7 &
Kt

o
=
243 A ant A Fe A} 5% isopropanols WL &
E]_]_—

2Tk, we £ ThA] 12,000 rpm, 4°ColA 1087 94153

St A5 de EF AASIL pellet? EAEE FHAA 1 mLY 75% ethanole %o
washing ¥ % 12,000 rpm, 4°ColA 587 94 &2 3o}, pellet DEPC waterd] =91 %
Nanodrop& ©]-&3}l4] total RNAS g =A 3o}
cDNA synthesis kitE ©]{&3te] £F o 2RE Holdll RNAS cDNAE IAALete] FA 35
% taq polymeraseE ©]&3ta] RT-PCR¥%} qRT-PCRE $=31%t}. PCRo| A& % +& primers
oS3 2.
Primer Sequence Length

Forward | AGT GCC AGC CTC GTC TCA TAG
GAPDH 105 bp
Reverse | CCT TGA CTG TGC CGT TGA ACT

Forward GCT CCC TCT CAT CAG TTC CA
TNF-a 184 bp
Reverse CCA CCA GTT GGT TGT CTT TG

Forward CGG AGA GGA GAC TTC ACA G
IL-6 157 bp
Reverse AGT GCA TCA TCG CTG TTC

Forward GGT TGC CAA GCC TTA TCG GA
IL-10 190 bp
Reverse ACC TGC TCC ACT GCC TTG CT

Forward GAA GCT GTG GCA GCT ACC TAT GTC
IL-18 514 bp
Reverse CTC TGC TTG AGA GGT GCT GAT GTA

. 23 2%

Jg
2
o
Y
off

(1) 49 7z 3 BFAY 9
BEA, 4018 2eln 4499

T 55 AE BEE 1§59

U gtk Aol &

2ol oA Aole UElA 2ot AF 717
g Yehien, 7 189 fo4 Aol uE
Az 7 AW fAQ Aol vElA Lkt

]_

Z7}
% E

R84

oll
o e &Y

53 s

(2) & AT & F7] FA
rolup Ao =2 FA F4 A3} 7Tg # 2 g AR H£d FAE HYoH, 9 2AE
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EQE IF 2 7154 2 FEEY 5 Fod o5 AFo|u} LK FFE H A
A FAEE A F F UTh

(3) &4 A3ty 2 AA

¥ % alanine aminotransferase(ALT)®} aspirate aminotransferase(AST)= THAX o
e FAEE AS5HoR AT IAFY HAS I x2AHY Byt gt o
aminotransferase’} @22 FElF & A4S U E ALoR2 1 &Y ARE ALE
Hx T3, ALTS AST+= glutamic pyruvic transaminase(GPT)¢t glutamic
oxaloacetic transaminase(GOT)Z 1% EHT o] E42EL A9 BE 7)o EA3dH, o] &
ASTE= A%, 1, 24, €7 o F2 A8, 80%7F Alx WY rEZ=gotd &A%t
olo] H)s] ALTE F2 7to] EX3slxn AlEAd &4 3l LDHE lactate dehydronase@h=

FEANAGY mA T DA &= AR o] LDHE 3, 25, &4, ¥, 4%, J48+, A
Tl ol BXde A wEtA o] &2 A $ LDH A& F7tstA €

S Ao A BE ule} Zo] ALT, AST+ CCl 5§49 o]F dAAstst A7 thZz7 ol

W W wA FAsE AL BAT 5 Qo AW A5H -‘;—)a U $EE AT 20
mg/kg, 500 mg/kg, 1000 mg/kg w-ollA ALTS AST &4o] C Aol Hlete T 9
EHo2 Yol A% FAstgnh dHA 7154 E49 %% & AsEd ue s

Ax o ¥2 CCLll 9% 7k 540 BE a3E Yetd.

ALT
= b
~ 800 4
=
=
2 e
S .-
d
=
g |
— 200 4
B
0 [ ]
CCL, @ ml kg b.w.) - + + + + +
PLE (g'kg b.w) - - 130 00 1000 -
CA (132 mg/kg b.w.) - - . : . +

a9, 71548 ERAY FEE9 98 ALT 84 53
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AST

Ermeyme activity (L)

L]

CQl, @ ml kg bow.) - + - + + +
PLE (gkg bw) - . 250 500 1000
CA (132 mg/kg bow) : . : i i R

3. 7154 €AY FEE ¢ ASTEA 54

(4) A 2#4ste] AqARA FI}

o] Ay My &4 AL AHY Ao=Z AE Y ROSZF @HAsHH Ax 2 o v}k
ThEol de BIXIATN FLERE AASA @ o224 AAFHALES] AHukgo] f
Bxl 3 XA Al A peroxyl radical® alkoxyl radicale] A ET. o]AEL FAYAS}
A3l lipid hydroperoxideE XA 3t=dH ol E3Ho] MDA %9 aldehydeE AA3HA
H. oA AAE ANAFALASNES AMEGY FAAHE ST AHY &4& doA o
2 ¥EE FIAIY. o2 & oy THAS, 18 TY 4F FAHE oA )
& 23olM= TBARs Holl o3 A Aaitste] PHAEA MDAZ S48t TBARs
o] A = thiobarbituric acid®} & X3} X|8lAto] ¥F8-3lo] malondialdehydeE AA3IH oA &
< 94& A "y o] H2 H& 9
Eia=g

A8 1H2 control@ CCL ¥ Ad 1F, 2832 CCLY 71548 E4Y F |
2 250 mg/kg, 500 mg/kg, 1000 mg/kg bw £ Fog aFo=E YFen, CChe ¢ =
AE dodleE EZE 1 AF2EHAE FEste 1 S FAEH Q)

4

et
o

E 3 & excitation 515 nm/emission 552 nmol| A =

als

pdv}

-

A& A7 CCl 9 HE3 2EFE control Z2E Xt} lipid peroxidations ‘E%O] JgoA we
MDA (1.648)& AT AL Yegd AT, 7|58 E2Y FEES FA% 152 EF
MDA AA4e Z&2AZ A& Ul it o3 2FdA B vket o] 7154 4 F
EE-E 250 mg/kg, 500 mg/kg, 1000 mg/kge] F=¥=2 FH3% IF CC14'€ A gt 179
Hsted Zpzy oF 119w, 1.234, 152802 ZHAg o= yeht 953 ¥ MDA A4E& &
o CCLYl 9% 7+ ZAd g3t 3 a7 &< ety =3 7]‘—5"‘3 EAY FEEI

F& F9FE A& FAUsto AsxE FoAT

A BEE Fojio] YRT FECEZ MDA A H FE
of vl3 CCLel &3 2k =Ae tig B airt o F& el
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TBARs

7
b
6 -
C
—5 c
= = T T
= £
= E a
S Z 4 a
E & . 1
N
<= 31
a=
E =
- 2 i
1 -
0
CCl, (2 ml /kg b.w) + + + *
PLE (mg/kg b.w.) 250 500 1000

a9. 718 24 FE89 43 AAALA3E A

(5) 244 Glutathione 3% =3H
AL dx2a# CCL AT, 7154 4% FEFEF 1000, 500, 250 mg/kg b.w.# CCl4
Zol Ay AProz yHARAY. CCLE AT AdFL dzTd 45l glutathione
gFol & 73% AE FELE Thde A& UEHUAT, 758 EAY FEES TEHEE
3l o

mg/kg bw.& CCL9t Zol AFstA& o ool Hste of

09% A= Frlsle 2HE
e,
7154 ERAY FEES ATSIIE HAF CCL 2Ed#H 2 fibdtd Hlste] Fo%Q zpol &
et Y CCLel 93 7+ €A 2XE 7 3 39S ey ddelstgd.
GSH contents
250
200 - a @
—_ a ab }' T
=
-2 T
g = 150 .
20
SE
T g
23 10
)
50 -
0
CCl, (2 ml /kg b.w,) + + + +
PLE (mg/kg b.w) - - 250 500 1000

a9. 7158 €29 FEE89 9% 3 24 U9 GSH ¥ 53
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w3k Glutathione?] 4FstE el GSSGE &
A ol A FUtskeE AS AT 1E
W CCly Mol Hlgte] GSSGe o] #Hast
o] "3t GSSGO FEFo]l 34u] FUlstA L
mg/kg bw. &2 FA3HES uf 25 27, 26W=E CCL F
AE AT F YUY "GN VA ERY FEEY T EHE @48 g9

E AE U3
, 7 £& 250, 500, 1000
7heFol gt

GSH/GSSG ratio

GSH/GSSG ratio
—
L1 o
H o

) .

0

CCl, (2 ml /kg b.w.) - + + + +
PLE (mg/kg b.w.) - - 250 500 1000

ad. 7154 EA2 FEE4 A7 3 24 U9 GSH/GSSG v & F3

223 GSHE #9¥S AY7] dEdd d4tst 84S AYA T GSSGE Atstd e o=
T =

2 %% 242 AUx 2dd WA GSHY Fol Ba GSSGY o] H2FE 3t 24
of s FHL Bo AU Ak CCL FATE B3ho] GSHS GSSGI M&e HANR
o 2

%
2 F9% & Yok HAT S5
E
=
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©6) 23 W Fi3} BA 54 2

=

(7}) Catalase activity
ZH 24 ) Catalase 849 &4& SATLEHR CClL Fowel 93 &4ts)
317] sty AdS JAysAH

off
8
o
J {1
ro,

Catalase activity
120

100 - 1 [ ]
£ &1 [
=
(=]
=]
S 604
s

40

20

0
CCl, 2 ml kg b.w) - + + + +
PLE (mg/kg b.w.) - - 250 500 1000

a9, 7154 S FEE4 98 3t =4 W9 catalase ¥4 54

B BE vhel Zo] el Hlste CCly A LA catalase TAe EAdo] A
HasteE A HAFT 5 o, 7 T‘;:‘,H:—l -ir%%% =rHE Ed3ge 9 catalase
Fho Ao AR F7Ehe AL FAT & vk

(4}) Glutathione peroxidase activity

w3t Glutathione peroxidase (GPx)¥= 4t3td GSHSl GSSGE 39
A71E B422H o8 F3td GSHYF FAH s 2Ed 222 1B
el GPx9 84 84S SAFOEZN CCLY 9% 2EHAZREH 7|64 ERY
o] 7+ B3 FAHE ‘JrE} We st

Glutathione peroxidase activity
120

a a a
a
100 + -‘— T T -
b
— 801
=]
]
=
=]
O 60 A
i
=]
BN
40
20 1
0
CCl, (2 ml /kg b.w.) - + + + +
PLE (mg/kg b.w.) - - 250 500 1000

agd. 7154 AL FEE89 g3 7 =3 U9 glutathione peroxidase 84 &3



A9 AapolA B vheh gol YrFol Miste CCL AeTAA GPxel B4l Hezoz
Fasgod, 154 B4 $28¢ $EUE Folage u GPxd F4o| gEEH ul:
@ $EOE HBHE AL FAstA BBA V54 BAY FEEC] CCLOl IR T &4
c2RE BE B4YL AL BAY 5 vk

(t}) Superoxide dismutase activity

SOD activity
180
a
14
. 1
- - ab a5
E 100
- I |
O 804 b
& 4
i
0
CCL, 2 ml kg bow) - + . + - +
PLE (g/kg bow) . . 300 00 1000 .
CA (132 mg/kg bow.) i : . : .

9o AN mi whe} go] thzol Hste] CCL A TolA SOD 840 f97 o

2 Zastgdod, 715 EAY FEES sTHEE 5489 S W SODY &4 dzad
Hg FEo2 IJEHE AL s mekN 714 AL FEE°] CCL o 3t
EFozRY B3 @4e AdS #UTD 5 Uk

(7) 23 cytokine 3 A
(Z}) RT-PCR
CCLel g3ty =48 il Yeld 4 JE 95 vAQ TNF-q, IL-6, IL-182] #A=A}

TS gelstdoh. RT-PCR# qRT-PCRE ©l&3te gelstden, PCR =12 o3 2
.
Gene name Anealing Temperature Cycle
GAPDH 59.3°C 27
TNF-a 59.3°C 30
IL-6 59.3°C 30
IL-18 63.4°C 27
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TNF-u

IL-6
IL-1B —— ————-————;--
GAPDH - S G D S G G W D - D - Sy e

Control CClL, PLE250 PLES00 PLE1000
1. TNF-q, IL-6, IL-18¢] 34 &d 3

7 o] w@o] CCL Aol Hlate HadteE AS AT & gtk =
d 9 %9 F&=7t F74ESEE TNF-q, IL-6, IL-1B¢] #3
#eld & 9Jom, GAPDHE house keeping FAAEXN EE AP Fo)|A H

o
= = y
2% sEo FHE AL AT & Aok

(4}) Quantitative real-time PCR (qRT-PCR)

22 45 28 9AE o839 qRT-PCRS A AIst4th RT-PCRS RT-PCRE Al #3e
Aog FEHE Yio F& AFHoRE HE37] ol#]f RT-PCRY @& RAsto F

E YAt F3F 22 Eolx o] FFE AHFH LR HEde WA LR ojFojxith £
AolM = SYBR green d% EZ& ol&3td APES Fdysen, PCR =1L ¢
RT-PCR¥} 5% =718 28394

)
1

TNF-0 mRNA expression

60
50
40

304

10 1
c c
a T ac -
0
CCl4 (2 mL/kg b.w) - + + + +
PLE (mg/kg b.w) 250 500 1000

I9Y. TNF-a F3# 2448 £33

%71 9% A vHAQ TNF-ad 3% 03t 2o] CCL APTAA ze] Hatel ¥e
Z4e dsoy 7154 49 $E8S Folgel ue §14 2de] dAwe FAY F
AT FE) e Ak ZFE Uehid kot /154 EAY FEE ST Apold #
94 Aol UEA @3 BF OCL FATH §94 olE Jehun gastdr.
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IL-1p mRNA expression

[
T
)

L mm

CCl4 (2 mL/kg b.w) - + + + +
PLE (mg/kg b.w) - 250 500 1000

a9, IL-18 #3A 24 54

3% 08 AU 169 A S TNE-ask HAAAE CCL FATAA A 5 FA
ZH 2EdES Yeidlen, 7154 EAY FEES AYEYS W a8t BEFES JESISH
7158 EARAY w&d W& {942 2ol YERA °};Jc°t4 [ v S RTAS 5 = s
71548 EAY FATH F94<0 AolE WEUA &t mEbA JleAd EAY FEE F
A7 YEE $EOZ G5 W8 HAE ZAANE AL BAY > Aok

IL-6 mRNA expression

120

100 | b

80|

60 |

40 | ¢ c

20 ¢

. a
CCl4 (2 mL/kg b.ow) - + +
PLE (mg/kg b.w) - 250 500 1000

a9, IL-6 TI‘Z']X]' @+d A

IL-6 ®tolovtA TG thzao] Hlst] CCL AHE dle W ZA Skt AS FUT
T o BY VA8 AL —’F%%% FoAsRe Wl CCly ATl Hl sto] Zade As
TEOR 7”\1\]7121L ;\’3}%@. 3}x]1ﬂ CCl4

g8 5 dod, A9 IL-1B89 Zo] tx
H3leo] A Za3eE AE Hol 7154

At

e = fo

B S U

+
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AY BEL AF o 200 gB%E HE 653 Sprague-Dawley Rat AL (F)MEZ 245 H
Egdgtol A7 HG ASAZ F A Fd mE Gyl 9ste] tixw 7vteEl, Ferric
nitrilotriacetate (Fe-NTA) A 79tg], AU FEEF 52 AT (250 mgrkg, 500
ma/ke, 1000 mg/) A% 104 3Z0L he] B 1R EU AFAAD. FEAFA £

0~22°C, &= 50%, AFS 1247 B 2F07:00~19:000& FAHGAOH, B3} o]

__L.
= ArEHE /\B’iﬁ‘r.

(2) Ferric nitrilotriacetate (Fe-NTA)o| 2] 7t SA 94 2 SEA4
E A3e Fe-NTAd g3 =" A=< 7+ SAd g3 7154 =
HE17] g8 AYPeHh Fe-NTAE 2 o237 NTAQ EHIdA=2 NTA: AgAdA Aol
KX o

E ez ALIAY AEF B4 AT A 5 8 , =
At AN AgeE AA Sol o] ERH] HFE 0@ Fel ek ojd NTAE
® ohig F49) pH°ﬂH B :""’\—0]%%34 wgste] Tdd BgAE W4

A

=
g & =4
@), 53

3] LI
’&i‘r" E Eat=s %‘5‘—-_}3}04 7z ‘€‘o-"]’ 14/\}% dodl= % 2 :

2 ARdAe ASJEEY2E F43E Fe-NTAd g g g A 938 1
o 13] 5947 AN AT FAPeE JeA TEEE 77 250
mg/kg, 500 mg/kg, 1000 mg/kg bw Fo3 3 FE&E 3|4 18A|7+ A Fe-NTA+ Ferric
nitrate (0.24 mmol/kg body weight (b.w.)&H& FE7F 48] =& NTA(0.96 mmole/kg

mm

bw.) €93 £3% F sodium bicarbonate®Z pHE 742 E A3l 136 mg/kg bwoz 27
FAStA A4 T 58S LT dEHER wHAAD = AEsH FAES sl &

g AAo2HE A|F3AL, 12 AHUAITFE @2 F FAE Az =Y 4SS 939
10% 243 gdo A Yoz 7+ 23L& Agsty B8 93 dA da=E F5
35 F -70°Col AFsATh AFHF 92 3,000 rpm, 4T, 25 B3 AR A&

st Friet EFAEE A A7A -70TCd BASHA T

(3) &3 A3ty 2 HA

g AZS AX AP =AF T AR FAUS Fol FA FAL =45
24 BAHE SAH L Bayer(USA)AFS] AST reagent kit, ALT reagent kit, LDH reagent kit —%
ADVIA(Japan) 241718 Al&3te @A =A39T.

]

4. 49 4%
() 23 Azt F EFA Aste o] A
BRA, olg delm $5Fe 2 2F ol §AH Ao B UehlA Ltk 44 73k
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—_l

Z EFAE RE OFE9A4 &
] gkeko}, Aol S g

@) 7 Azl we 7] 7

ol A 27 ¥ 24 AR Tg H 2 g
Egjz aF ol A4 549 2529 529
A rgee gel @ & Aok

HAZ WxE £AE nden, 9 233
Sofo] o3 Mow Sol gL WA

(3) &3 A3ty 2 AA
g% % alanine aminotransferase(ALT)$} aspirate aminotransferase(AST)= ZHAXE W9
e FaEE AFZHoR AT AEY HAS I =AY Byt gt we
aminotransferase’t EF2 2 5o £ 4E UeE AR 1+ &4 AEE AHE
Ha w3 ALTY ASTE glutamic pyruvic transaminase(GPT)$ glutamic
oxaloacetic transaminase(GOT)Z1 % BT, o] §45L2 A9 BE A7 EA43}H, o] &
ASTE A3, 7H =3, @5 o 2 EAsta, 80%7F A e viEZ=g ol &A%k},
°] o vzl ALTE 2 Zho EXdu AlXAo A3, LDHE lactate dehydronase®t+=
B Ao uAu Ao 283E §4F o] LDHE 7 2%, 274, o, 4% HIYE A
oL ol 2ol #x3te 4. wpA o] 449 A $ LDH X+ F71sHA €
U AfoA BHiE ute} Zo] ALT, ASTE Fe-NTA 59 o|& dAHAg e X7} o
ol v3 ujg- =A FUEskE As AT F Jvh AN T EAY FEE FATL
250 mg/kg, 500 mg/kg, 1000 mg/kg oA ALT &Ao] Fe-NTA A& tol| H|gte FT= 9
Ao ol AFS st ASTH A% 7l E2Y F5F 250 mg/kg, 500
mg/kg FATANANE Fe-NTA AHT#H F98< zolE UetlA &gt 3k 1000
mg/kg FATAME FYHQ ZolE YErY FAst, ASTO B35 7l 24U F5
1F% AHTAAT FoH¢ RS 2HE AT F AT "wHA 71 E4Y F
B AFxd v3] nEZodA ¥ ¥2 Fe-NTA 23 7t Ao »3 a3E vehdch
ALT

_l

60

W

40 | c

30 A a

ALT (UiL)

20 4

0
Fe-NTA (136 mg/kg bw.) - + + ¥ ¥

PLE (mg/kg b.w.) - - 250 500 1000

a9, 7154 549 FE8d 4% ALT 534
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AST

AST (U/L)

Fe-NTA (13.6 ma/kg b.w.) B
PLE (mglkg b.w.) B

a9. 71548 €24 FEE 9% AST =
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7. 71578 €A =& X2 w84 7S - Alcohol 34 54 &8 =22

3 BE2S AF o 200 g E HE 65% Sprague-Dawley Rat FHE (F)MEFZEZHE
Egdtol AdFA HS AEFAZ F AFd wE G| o3t iz 7vbe, Ferric
nitrilotriacetate (Fe-NTA) A 7qtg], A9 FE2E 52 A+ (250 mg/kg, 500
mg/kg, 1000 mg/kg) ZtZF 10vH4 3o 2 U5o] F 15 ¢ ALSSA T FEAISAY] 2
EFE 0~22°C, 5% 50%, AMFL 12X W 2H07:00~19:000 FRstgon, E3 2ol

£ AFFHE AR

(2) Ethanol (EtOH)9l 93 F4 3
2 AFES 4Zo o8 =9 A=Y
7] 93 JAystAh EFol g3 7=
Rl fat infiltrationol] 23| oF7]
os AP =N YetE Zez & :
AL, 7R3 FoE AET By opygt 8o A3 HdA YA E &=

FEE = g " B AgoAe AdrEH2E §235E Ethanoldl o
FE ZAE] 98] 19 13] 543 dAGAL AFFAHEeE 75 ERY
A2 Z+zt 250 mg/kg, 500 mg/kg, 1000 mg/kg bw F E 34 64
o2 ATFRAsd g4 484 1 54L& FLdstE. o

oX, =l°
o

I ey 4

SN
rx
oy
o o y2

B o
N

lo,
B .
Ly a2
O
53
>
XN Lo
‘;;'fﬁ
5 oF
> 1o
Og(:"
o
oL
T
v %
)
ot
N =T
MU A: T
Lo o2 &
H 2 e

o,
~
0%

L
o o
o o

o M
tlo

/k

e}

el

)
gk i
Q2w o

g

o
ok

dz
=2
o
=)
lo
fru
4
a,
Y
i)
P,L
38
M
l_:_ﬁl
ro
o=
i)
1>
o I
2
oy
- il
o2
oo PNk

12
2
2
B>
it
Al
B
of
oift
4@
4
O
@]
=2
2
o
_?_lL
38
=
2
R\
o
ek
2
o
()
[a)
3
3B
o
o
DN
ol

do, Q4 o T M ol rlo
M
-t

o>,
M
)
P,L
0
i)
mTc: 4
M
ik
9|L
i
o};‘_,
N,
S
)
o
>
bt
fr
4
4
(B
X
N
4
(@)
cs
2
b
e
_CrIL
38
T

S AF AA FAS F AEHF FAHRE Bol 34 & FH%h
= 2 Bayer(USA)A}e] AST reagent kit, ALT reagent kit, LDH reagent kit&
71E A&3te] H oA FA3HS T

o>
)
=
>
—
S

g
M
i
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. 23 2%
(D) 28 71 T FFA] ¥ Aol AR_(F

BRA, A% g1 $539 4 1§ ol £942 & A gk 49 /1
F 2T BE 284 e 2%S dBdon, 74 2§29 #9490 Aole v
A gpgkeh. Aol g3} $Y £ 597 74 APE) #94 Folt Ve st

2 g W= H23 FAE ,
=8 Fojo o Aol L& 9GS

e}
off H

7
EYQE OF ol Ve ERY FEEY
X] o}ro ___% §1.o] S zl: 011:],_

(3) 4 A3ty 2 AA

8% % alanine aminotransferase(ALT)®} aspirate aminotransferase(AST)= ZHAXE ol
AE FAEE AH5HoR AT TAXEY HAe 3 x2AHY #Irt gt we
aminotransferase’t @22 FEgHo £ A4S UBHE AR 1+ &4 ANEE AHE
Hxz g} T3 ALTS AST+E glutamic pyruvic transaminase(GPT)®} glutamic
oxaloacetic transaminase(GOT)2t1x EHT. o] §42EL A9 EE A7|d &A38HH, o] F
AST= A%, 7, =24, €7 o F2 &AL, 80%7F AlX WY rlEZ=gotd &A%t
olo] H|g] ALTE F& 7Ho B X3 A|EA A3, LDH+E lactate dehydronasedt=
T A mA T dAd #&3E EAE o] LDHE 3 2%, 24, 9, 4%, A48+ A
Z Toll ol EX3te a9 wEtA o] &4E % LDH A= F7tsHA "t

s AolA HE upe}l o] ALT, AST+ EtOH F9 o2 @A A +X]71 tixT o
&) w24 F7tete AS A F Ak AR 7T 22U FEE FATLL 250
mg/kg, 500 mg/kg, 1000 mg/kg oA ALTS} AST &4 o] EtOH Aol vty = 9
THLE Yol A¥dS et Ve 49 FEE 500 mg/kgd 1000 mgkg T4
Tl BATH Fo7 Zole UEUA ¥stovt HASE AFE ASH R FHEHIJIG
gata 7l ERY FEES ATE HE LEECdA O E=& EtOH 9§ 71+ =49
B3 aHE Jedrh

rl
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ALT

60
b
[
5{} 4
d d
40
)
=
— 07 a
—
=<
20 4
10 4
0
EtOH (6 g/kg bw.) - + + ¥ N
PLE (mg/kg b.w.) - - 250 500 1000
ag. 714 E4Y9 F=E4d 9% ALT 534
AST
250

AST (U/L)

b
200 -
C
150 - a d

d
100 -
50 |

0
- + + + +

EtOH (6 g/kg b.w.)
PLE (mg/kg b.w.) . . 250 500 1000

a9. 7154 €24 FE89d 9% AST 53
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8. 7148 529 FZE9 7I&w4 4A
7h A3 9
1) ZF5 AA
AEFAY “OF FoF AR EAHMARZE) S ol&3y. o] WHE IR/, AR/ TF, 1
FFAF, HAF, ALF, WAF 5 4% 48stt PHoE AAF MEUELE F
@ e, AAAZRETYE(GO) At F2d AEdA AAde ALzt ED
Arz S4on AAIZREIYLLC) SHFHE olv-Z2d AEIXZ At o
AazvEagze 3o,
Instrument | GC GC
HP-5 30m x 0.250mm x 0.25pm
Column HP-5 30m x 0.320mm x 0.25pm
DB-17 30m x 0.250mm x 0.25um
Detector ECD n-ECD
Carrier
N2 1 mL/min N2 1 mL/min, 1.5 mL/min
gas
Injector 280°C 280C / 260C
150 C (2min)—5*C/min—170C (5min)
140C (2mins)—5C/min—170C (5mins)
Oven —4C/min—200C (4min)—230T
—3C/min
(4mi)—10C/min—280C (16min)
Instrument | GC GC
DB-5 30m x 0.250mm x 0.25um
Column SPB-608 30m x 250um x 0.25um
DB-17 30m x 0.25mm x 0.25um
Detector NPD (temp 320C) NPD (temp 2807C)
Carrier
N; 1.5 mL/min N> 1 ml/min
gas
280C, splitless modes(purge time | 260C, splitless modes(purge time
Injector
0.75min) 0.9min)
100C (3mins)—15C/min—170C (3min) | 80 C (2mins)—7 C/min—250C—5TC
Oven —5TC/min—200C (5min)—10C/min— | /min—280C (15min)—10C/min—30
2807C (8min) 0°C (10min)
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Instrument GC
Column HP-5MS 30m x 0.25mm x 0.25um
Detector MSD
Carrier gas He 1 mL/min
Injector 260C
Oven 70C (2mins)—25C/min(130C)—2C/min(220 C )—10C/min—280 C (5mins)
Mode SIM
Instrument LC-MS/MS
Column SP Column MG 2.0mm x 150.0mm 5um ‘ Oven temp. | 40C
A (10% ACN in 10% |B (90% ACN in 10%
Time
ammonium acetate) ammonium acetate)
Mobile 1 80 20
HPLC 0 100
phase 65 0 100
7 80 20
12 30 20
Flow rate | 200 ul/min ‘ Injection Vol 3ul
Ionization
ESI(positive ion mode)
type
Source Turboionspray source
Curtain
15 Collison Gas |5 Ion source Gas 1,2 50, 60
gas
MS/ Voltage 5200 Temperature 550C
Precursor Ion Product Ion DP CE CXP
MS Methomyl 163 88 71 15 18
CLIOIYE 1163 106 76 15 14
Carbofura | 222 165 71 17 24
n 222 123 56 29 16
Fluquin-co | 376 349 71 17 24
nazole 376 307 56 29 16
Agke Ty FFE ST
L gl ARESF APE T ook FEF A
6i\'ﬂ"a‘(Florlsﬂ) 2 o}m] - Eié(Ammo—propyl) FHEF A : £28 A (00 mg) ¥ o}

EEEPR
. 7| EpA o :

%i
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&3 2.

B} 3 2 2 (ppm)

22 2§45 2 (ppm)
&% 292 X 2(ppm)
#po] &2 2% (ppm)
tho] o} A = (ppm)

o] = Z (ppm)

ol %= - (ppm)

o £ 2 ¥ 2 (ppm)

F 292249 (ppm)
oj v}z (ppm)

o] 22 2| ¢ H(ppm)
™l 42 (ppm)
W22 5 EZZ(ppm)
28] & - 2 (ppm)
] v 222 (ppm)

¥ 2= v E (ppm)

) 2] W] 7} 8. (ppm)

¥ gz ¥ 2 (ppm)

Bl B ¥ ~(ppm)

E @] o} o] W Z (ppm)

E 7 o}x X 2 (ppm)
=z 2223 Z(ppm)

] o] X] 3 (ppm)

=z 2624 (ppm)

F=2z 298X 2-9 4= (ppm)

0] 3 ] 22 2 (ppm)
#po] = 21 d (ppm)
t] o] €] (ppm)

t]2 2 B 2 (ppm)

o] ¥ E of] ©] E(ppm)
o] 9] <ll (ppm)

#H 2] 2 (ppm)

v %] T} %] & (ppm)
o} 2} 2} & (ppm)

A T) ¥ €2 (ppm)
3 E o o] E(ppm)
¥ 25} E(ppm)
= 2 A9 E(ppm)

A E A (ppm)

B E 27 %) (ppm)

E7ZF1Z(ppm)
022 Z ¥ (ppm)

7+ 5 % (ppm)
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of WYL o}2T stxo] NFERE FEAPIUOE Fo| WAHo| PojQ ol2T Tz
ulo] A|FPEHE Fste HAH AL XA E o] M HAFFHE S AFEA F9
FA9x $RE TE PHolth TFEAD APEY 2 FALEAL CPHEATE
zohel FYstel NP g FEE TR o Fekrnts Folen Lojeo] AFHA
I A2 oA QJOoWUAME I o9 FEIF 27| Wi AAFoZ FAHAL FX I o=
°F 6000710000K 9] =& 2EE Al&3}7] Wil ppb ol3te] wl$ £ HE HAE IS &
ATt

Instrument ICP

Wavelength Pb : 220.353 nm Cd : 226.502nm

RF Power 1300 W

Nebulizer gas 0.75 L/min

Instrument ICP

Wavelength As 1 193759 nm

RF Power 1450 W

Nebulizer gas 0.60 L/min

154 EAYL FEE AAY 2 EFES E9H =59 AF 4, =8 A8 E¥EE
(1000ppm)= 0.05 mL, 025 mL 183 05 mLE ZtZ #H3te oo AAH = &5 100
mLZ 343t 05 25 283 5 ppmeZ ZE|HHolA st} 7|vAH EAY FEFE HAAE

gtsle}l 331(550C) Fol E4F 3 mL ¢ 2EFEE 4
B E WHE F SAHEY. vL9 FS v
A3l 0.05, 0.1 282 0.2 ppme 2 ZHa B g o]

A 3 mL & 2EFEE HolF2 71E 2 5 Fol 100 mL2

b
ox
oo

r
ﬂ
it
=)
e
HN
i
AN
o
o
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T2EA 7]
27 M (NaxCOs : Ca(OH)2=1:1)
B (AlO3)
Purified dry air
Carrier Gas Combusion gas 0.5 7 /min
Low gas 0.5 /min
Mercury Atomizer Low mode (8507C)
Wavelength 253.7 nm
FLEFEASE 0001% L-A2Helgdoz 3X43te 0720 ng/mLE 3t HET 747}Xﬂ
(a) AstdFrgd A Zds + BAVESFA 1 £ E, 9B0TCAA 3023 &4 344
A), 283 #Adss AIEE 107300 mge H7HA (@) ¢F 05 g (b) ¢ 1 g& AEH=E Eﬂ]
¥ F& oFA o EHUE diRe Yu V] B A2E 0521 L/ming $H5EA
BBOCTE 71838ty 25 FAAA X T 725 XTI 1A S ¢ 700CE 71E381d
FLF7E YIAFFREAZA N B, FREE SASY AR o mE =7 7t
As A 22 22E HEoIstY FFEE A3 AbR ok o -’F—%E—i— e A
A Ze 2FE HEoRY Ao FREAAN HFHE A A-Ab @IS AFHoER
H AlE F9Y 23S &g

3) ¥14% A4
FHHAE ol 88 AT E BAANDL F

o
>
pS?L‘
fo
o
>
lﬂ
de
2
>
rici)
o
w
A%y
M,
fetl
L
Ar
v

b FAAE

NEE&Ae HFF FZuAE 35~37CoAA 24£2A2 8 gg & dxdU o] 7tx7t B4
St FAAE FAdolth 242X Well 7hx7F HASA] of Y3t E wol wdE AE&so
48+3X 77k A BWRFCL o] wW7A] FpATF BAE R LS do= ZAAY SAHo|a s
Aol & dolle FAANE FEolH Y FANFES AT

) SAAH

FAANGANA 7t BT FREATERHOZHE BGLB #iRlo] HEF3 35737TColA
248207 B WGE T sfaTA oFE Qs 7}¢7} HASA] olstAS Wele H
F& Al 48+3A127kA] wEAZY, 7t~ AS 1<l BGLB Hﬁxlil"i-ﬂ Endo 3ul# =
+ EMB s sxo] &8 wjgFgrt. 35737TCAA 2412412 8 & AFAHA o] L AE
H 3GAY dAoz 3ot BGLBHIA|GA 35737CE 48+3A17F ¢ wlSe S W ujA ¢
Mol ZAMoz HYL wols WwEA FAAFE AAF

(4) S4AXH



A EMBREM AN 48AQ ek ) e wagAd 3 24 o4 247 FuA
YEAG REFANAC] AFe] 35737TCoIN 483N 5L WG BTh olm A WA
wEwe] APEE SAMAY Aol thae ¥, FohEH el FPHW FANY

=
< FAoH AT T ¥HoE AA I

(7}) TEAd (B471Eax£U(1057))

EA AEo AHAd wta] 7154 1:_753

4 AEAA I #HEHE de FE

3527 50 mm, ¥°] 25 mm, %L% 2}

@A 20 g& AFAN] Foz AYNE 9 A=
Be %E‘ T ;J\‘“ 7‘3—1—-4 71°]) +1T ]111-4

Oﬁ

= Hﬂ
ol
ol
rr 1
ok
i)

51k 105C4 Z:7]°ﬂ go] 3~5A17F A
AT W G RBYAE 1200 Ax%] B B WA 2E 2L
FEgeh oy 24E FAE B AP we FEYe Tao

c
% 100

() 32A4 (3134 (600T))
il = u?ﬂ] E=7hYell ¥ AH 550~600TH 254 433 33tAe oS W 3
ok & A8 550~600C= 7HEetd #7182 Ats}, BaHo B2 7t &
Foz HY HAE g3 gdie fS AsEo gAVIA(CO2)E He| ¥
2 e ]01]/\1“ FEstH Fol=d A¥EA ¥ FHHE HH,
Aol FFol ESESHA Hol 23l 33te o] ofgA dn. 4R HFAME
do] Aaol2(Cl)s T Fr7lE2 JAAHYIE da, Fol2g dF = T8
& A d ToE HIE 39, 7718 7] 9] gitgez 57| EH—Er
g gtk WA, AR =Y E A7) Ee ZFEUdA 600To] e o] A
4 o 2 43 vy 2 g er AFEH. EP‘

hid

g A|ZF 7FEEte] WA-FuAol slifo] dojd wrtz] A
axx 2R AE 2%7F ¢ 200CE HAS o =HA Ao Ha
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&7 4% § 2eoz 99

W, - W

i

et HA Y AEZF (%S T wet AEdo

B2 (%) = S x 100
WO : &&e] & =7t FA(g)
W1: 35t $9 mrhst 329 FA(g)

S @AY AAFH(g)

Dumaste Aol HYEES A% F2ALE WHNL LEZQ oA A oziH
ArFe FiE AcEA¥olth DumasHAlHE NEE BT WTDS EFste] A
Tol W3 FASE olAne, B, xR Fege] AxMREFo] WEIAL, o 4T
e oistEL JRE 2] EAL Te FABEL FANAM Fx B A2y
o A2E FANG T dgo] EFBL AW FUFLEOR AYW B Fo2 BaA
At G717t FRHA G #9F AR Arolu 1 BiE AP 24 5 Aok

3 ge 2 %x] g rdel AN Ao gt A%, 0% 2 £ i
#, AZUE FRAFES 718 B2 P 485 gE HFol Aedh WA s
EAY FEE AAC 4 10 mL EFF 70780C FE2FAA o 60£3 7HE F
QEAA BAAA AN, AHEWD T 50 mLE FEHT AHD, oA =
AHZ(1D) £ 30 mL2 F2 F ARG S F A ¥EBF F(OQO) F FEU
vl 3L F 100£2C 1AZF A2 Foll 2A2HE FEE Fol vjojA FAE ZH B

(" HEF (ICPEAP(FE=AFEA=rY))

of PHE o}ET stro] 1FRE FEAFPEOE Fo] WAH e FojA o2 Fizx
ol ABEAL FAS] BAU2 AHA L o249 AFRE ZAT] APEY F9
2R $EE T PHolth EFEAF ANPEY 2 TAY %2}

o
zuho] FYdste AFEHY F=E :rL??_E}. o] & iﬂ}
I M "R Jeusx
ok 6000710000K 9] =2 2& & /‘]'%'3]'7] & ppb °] 0}4 -?— T2 H1E FAE IS F
At olH "E‘%ﬂ‘ﬂ]/“]«] ICP 717} %72 Wavelength Na : 5
Nebulizer gas 0.75 L/ming AHEslx, ZAA¢ vud F&EEFL2 L}E%— AFg :Ltv:f(lOOO
ppm)E 03 mL, 1 mL 2832 3 mLE ZtZt ko] oj2o] AAE = &5E 100 mL2 34
to] 3, 10 2831 30 ppm=Z ZEB ol 3 7|FA 5)3%1 FEE AAE 239 33
(500C) ¥l 94k 3 mlL & = &FEE HoAF2 714 2 5% T4 100 mLE FHE 2
HAE 5 A

o

(vh) A4 24
EA A8+ SigmaStat(Systat Software Inc., Point Richmond, CA, USA)S Ap&31d
ANOVA one-way2 #92Hp<0.05) HAAEL A&
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5-Food Guardians | SCL Health Care Group

N3E-701) MESEM Y85 TS 57 DejtiHE CIASLEHE Tel. 020953-6368 Hid Tel 02)524-6502 Fax, DE1953-6570

hitp:/fwww.sfgs.co.kr oAbl A ZHE R WA & E2F
2 A4 3 A
wFdE | = R-11306-0020 & | A5-dn | R-41306-0020
A=A} _
A & A RYTEE (LOTH %)
w+E7E -
F 449 | c=Sgaz ragEe 4 d 243
2AA [ HE 487 42507 oSG D o) 4F94AE 203
FETED 2013-08-18 | aema | Zo-07-0l
2AEH tng
AEds 2 Ed
felal=, e, daE. dazis, g7, a9, d%0H =
(e e B - - B B R | B et e A B B *Ei. el TR,
shqele| Tels olRANLERS, o}Ectyl, 43E. AR, <=,
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37 et oiEE EE2E . 19E Z@
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2EE W8 | Szosiese - oso08
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2E - =s.01 kel /1009
ElagiE - .81 o' 10
Lt @ - 134 ol 100g
ETH - 0.8 o 100g
UER - 18804 mg/100g
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o -
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2013 06 27 &
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CERTIFICATE OF PATENT

E 5 A 10-1317551 & EIE%. e A 2VLGRRA I

{PATENT NUMBER) & o9 2011 04 289
(SLING DATEYY MMADD)
=& 4 2013d 108 044
(REQISTRATION DATE: Y'Y /MM/DO)}

‘2“394"‘8 53 {TITLE OF THE INVENTION)
7154 1Y $EES YRS ¢t RE 4 ¢ A AL 2@
ARG ZHE

535 A2} (PATENTEE)
D thEm AFEh e (114471-0sxrssa)
A& 485 4dEs57t 1

W} (INVENTOR)
ESAbgeed 714

99 wye EHY, o B EHERAN) 55
9982 FFEULh

(THIS IS TO CERTIFY THAT THE PATENT IS REGISTERED ON THE REGISTER OF THE KOREAN
INTELLECTUAL PROPERTY OFFICE.)

20139 108 49

S35 83 3
COMMISSIONER, THE KOREAN INTELLECTUAL PROPERTY SACH

de 4ARY ol f 4dArd did 10 WYAACH FHdyE e
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pISSN 12201153 J Fd Hyg. Safsty 2
Vel 28, Mo.2, pp. 146-151 (2013) - 1::”5:] of Food Hygiene
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Protective Effect of Functional Perilla frutescens Hot-water Extract Against
tert-butyl hydroperoxide-Induced Liver Oxidative Damage in Rats

Sung-Yong Yang, Jeong-Han Kang and Kwang-Won Lee*
Division of Food Bioscience & Techmology, College of Life Scences and Biotechmology, Korea University
{Received October 31, 2012/Revised March 3, 2013/Accepted May 8, 2013)

ABSTRACT - Perilla frutescens usually dieted in East A sian country such as Korea and Japan, Anticecidant, anti-
inflammatory and anticancer activities of perila leaves have been founded. In preyious study, we confirmed that caf-
feic acid, major com pound of perilla, was accumulation by sucrose aqueous solution and thus antioxadant effect of
perilla was enhanced. In this study, we investigated the protective effect of functional perilla leaves extmct (PLE)
against fert-butyl hy droperoxided - BHF) induced-oxidative hepatotoxicity. The pretreatment with PLE {230, 500 and
1000 mg'kg bow. ) for 5 days before asingle dose of -BHP (Lp.; 0.5 mmol/kg) significantly lowered the serum levels
of aspartate aminotansferase, alanine aminotransferase and lactate dehydmogenase dose-dependently. And we con-
firmed that the indicators of oxidative stress were remarkably reduced in the liver, such as the ghtathione contents and
malondialdehy de, marker of lipid perocddation. Pathological histology of the mat livers tissues showed that PLE
reduced the hepatocyte degeneration and neutrophilic infiltration o fliver induced by -BHP. These results suggest that
fimctional perilia frutescens has the protective effect of liver against -- BHP-inducad oxidative hepatic siress in ras.

Key words: functional perilla frufescens, liver, fert-buty] hydroperoxide, oddative damage, protective effect
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Phenolic compounds protect HepG2 cells from oxidative damage:
Relevance of glutathione levels

Cristovao F. Lima, Manuel Femandes-Ferreira, Cristina Pereira-Wilson *

Deparment of Biology Centre af Biology, Schoal of Sciences, University of Minha, 47 10-057 Braga, Portugal

Recerved 1 March 2004, scoepisd 30 June 2006

Abstract

In the present work, e potential hepatoprotective effocts of five phenolic compounds against oxidative damages induced by gerr-butyl
hydroperoxide (-BHF) were evaluated in Hepa2 cells in order to relate in vitro antiocidant activity with eytoproective effects. -BHP induced
considerable cell damage in Hep(i2 cells as shown by significant LDH leakage, increased lipid peroxidation, DN A damage as well as decreased
lewels of reduced glutsthione (GSH). All tested phenolic compounds significantly decreased cell death induced by -BHP {when in co-incubation).
If the effects of gquercetin are given the reference value 1, the compounds rank in the following onder according to inhibiton of cell death: luteolin
{400 =guercetin {1.0) =roemarninic acid {0.34)>lueolin-T-ghicoside {0.30) = caffeic acid (0.21). The resuls underscore the importance of the
compound’s lipophilicity in addition to it anticocidant potential for its biological activity, All tesied phenolic compounds were found to
significantly decrease lipid perocidation and prevent GSH depletion induced by -BHP, but only luteolin and quercetin significanty decreased
DMA damage. Therefore, the lipophilicity of the natural antioxidants tested appeared o be of even greater imporance for DNA protection than for
cell survival. The protective potential against cell death was probably achieved mainly by preventing intracellular GSH depletion. The phenolic
compounds studied here showed protective potential against cotidative damage induced in HepG2 cell. This could be beneficial against liver

diseases where it is known that oxidative stress plays a crucial mole.
D 2004 Elsevier Inc. All rights reserved.

Keoywonds Phenolic oompounds; Liver; Oxidstive sres; Hepli2 cell; rem-buty] hydroperaxide; Anboxidanis

It rodd weti on

An overll incresse in cellular levels of reactive oxygen
species (ROS) above the cells” defenses results m oxidative
stress that can ultimately canse cell death. Oxidative stress has
been recognized to be involved in the etology of several age-
related and chronic diseases such as cancer, diabetes, neurode-
penemtive and cardiovascular diseases (Tiward, 2004; Cui et al.,
200; Ceriello and Motz, 2004; Klaunig and Kamendulis, 2004;
Willcox etal., 2004; Ballinger, 2005; Gibson and Huang, 2005).
In particular with respect to liver diseases such as hepatocellular
carcinoma, viral and aleoholic hepatitis and non-aleoholic
steatosis, it 15 known that ROS and meactive nitrogen species
plav a crucial mle in disesse induction and progression (Adachi
and Ishii, 2002; Loguercio and Federico, 2003; Vitaglione et al.,

* Comesponding suthor. Tel: +351 2536043 18; fax: 4351 2536THIE0.
Email address: opereimi baominhapt (O Pereira-Wilson L

24320558 - see froni matier €3 2006 Elsevier Inc. All nghts reserved
den 10010164 156 200606 042

20W04). The liver is particularly susceptible to toxicants since the
portal vein brings blood to this organ after intestinal absorption.
The absorbed drugs and xenobiotics in a concentrated form can
cause ROS- and free mdical-mediated damage that may result in
mflammatory and fibmotic processes (Jasschhke et al., 2002).
Because oxidative stress plavs a central mole in liver diseases
pathology, dietary antioxidants have been proposed as therapeutic
agents to counternct liver damage (Vitaglone et al., 2004). This
sume idea has also been sugrested forother ox dative stress-based
chronic diseases (Tiwan, 2004; Willcox et al., 2004). Ih fet,
several epidemiological stdies have shown that diets nch in fruit
and vegetables and other plant foods (including tea and wing) ane
associated with a decreased risk of premature death and mortality
from chronic diseases, such as cardiovascular diseases and some
types of cancer (Stanner et al., 2004; Scalbed et al, 2005).
Phenolic compounds (PhC), and in particular polyphenols, are
believed to be, at least in part, responsible for such effiscts. Results
from some human chrical trals support the role of these
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Phenolic compounds protect HepG2 cells from oxidative damage:

Relevance of glutathione levels

Cristovao F. Lima, Manuel Fernandes—Ferreira, Cristina Pereira-—Wilson

Life Sciences, 2006, 79(21), 2056-2068

Phenolic compounds$] caffeic acid®} rosmarinic acid®] t-BHP 2t3t 2 E
2o 3 B3 AL in vitro FFNA HepG2 AL E o] &3t FFelgl,
caffeic acid®} rosmarinic acid =5 t-BHPO| djdt B35 &AJo] oy, o]
= AlX =43 GSH 3=, lipid peroxidations &A3slo] 3¢ 3192

s

23

Cytotoxicity
MTT

assay)
Lipid

peroxidation

Glutathione

24

t-BHPE ©] &34 cell deathE F%A]Z W, caffeic acid®} rosmarinic acid
& Adsted cell deathE =olFE AL AU S. caffeic  acid$
rosmarinic acid 25 100 1M A& W AEZ AEE] 78t A&
g3t

t-BHPE A 3A< o AZ2A4s7 Srtete AL FAsA o, caffeic
acid®} rosmarinic acidg A 3RS W AAHJ A4S =7t o 50% A= Z
AdteE AL golstg o, caffeic acid7l 25 o ZaA7E 3& Ak

GSH7I 2t8lE9le v BAHE GSSGE A3ty 43 2Ed2d oid
H3 84& 543YS. t-BHPE A3AS vl GSSGY B ZFo] 5713t
A5t caffeic acid®} rosmarinic acidE& Z°] A2 dI& W HAFS F2A

2. GSSGY A9 rosmarinic acid7} £ ¢ Y& &34 Yy L.
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In vitro and in vivo antifibrotic effects of rosmarinic acid on experimental
liver fibrosis

Gui-Sheng Li*', Wang-Lin Jiang*®, Jing-Wei Tian?, Gui-Wu Qu*, Hai-Bo Zhu®, Feng-Hua Fu**

Skl of Parreacy, Yamrad Ukdversiy, 324 Qingaqpare Read, Lokchem Diosrics, Visehal 26003, PR Cedoy
b Shmndang Frginsenky Rasanch Canter for Mesre Drag, Yousl 354003 PR Chny

ARTICLE INFO ABSTRACLCT

This study was camisd out to imestigate whether rosmarinic ackd (RA) has antifibrotic =fect an

Mepwonds: experimental liver fibrosis in vitro and in vivo and its pasible mechanizm Culture of hepatic stellate
Liwer £ et cells (HSCs) determine proliferation and expression of tramforming growth Botor-f1 (TGR=f1)
R i ¢ 3 omnnective tramsforming growth factor (CTGF) and a-smooth musde actin (2-5MA) In @rbon
Trarsdonming growch facmes-fi1 tetrachlonide (00, Finduced rat liver fbresis model, determined biochemical indicator, Ever fibrosis
(Comte T TARESTIMANT. groeeh Saomr grade and histopathalogical changes, immunohistochemical detected liver TGP- i and CTGF expresion
fm i The resulis indicisd that RA could inhibit HSCs praliferation, inhibit TGP-f1, CTCGF and o-SMA
o v expremian in culured HEC 1t has marked evident in reducing fibrsis grade, ame horating biochemical
indimor and histopathological marphalogy, reducing liver TCF-f1 and CTGF expression in
I pinduced hver filrosiz Thess findings suggest that KA has potentially confeming antifibrogenic

effects
& 2008 Elevier GmbH. All rights neserved.
Intraduction thom of TGF-f may be a dowble-edged sword. Therefore, alternat ive

Hepatic fibmsis oocurs as the consequence of a sustalmed
wound healing response of liver to tosdc, | nfectiows or me tabdalic
agents and is characterized by excessive accumulation of extra-
cellular matrix (ECM) leading to uitimate liver dysfunction and
irreversible cirrhosts (Friedman 2003)

H5Cs activation lead to retinold storage, remodeling of BCM
and production of growth factors and cytokines (L and Friedman
1ot Tsukada et al. 2006) Suppression of H5C acthation has
e proposed as a therapewtic target agaimst e pat ic filbmsis (W
and Zern 2000; Bataller and Brenmer 2005, Lee et al HE]L
Tramsforming growth Gotor-f{ TGRR ) & generally accepted to be
the main pro-fibrtc factor in liver fibrosis, several studies have
reporbed that TGF- B is wpregu lated and induced matrix ac cumla-
thon. Inhibition of TGF-B or blocking its downstream signalling
pathway resulted in prevention of the fibrotc process in liver
fibmosis (Leask and Abraham 2004) However, TGF-f also has
impartant anti prol iferative and ant -inflammatory effects, dnhibi-

Abbremdons: RA, resmann i acid; TEFEA1, narsiomi ng grosth @oar-Ji1; CTGE
rreon v mmredrmin g groweh oo HSC:, hepasc srellae colls; o-5MA,
-Emceth musc ke acmn; 00, casbon eoachiorkds; DMEM, Duolbecoo’s modified
Eagle's madium; FES, feal bowine ssnam; HA, Ipalunonic ackd; LN, Laminin; POIL
codlagen rypes [ ALB, ssrum it min; CLB, ghobuling AL'T & andne 2minanrans-
ferase AST, @ Umma - pRnavale N saminae; HYE pdroogprodine; 56, siymann

* Conesponding author Tl =86 535 2108322, fax: =56 535 Gr06060.

E-moail address: Fergh ualuye -phasmn com {F-H Fu}
' These 2ush ors coraribued aqually © this work and should be considensd o-
firs aumhors.

BL4-T1135-see front marer © 2000 Elesier CmbiE All righs moenned
il 100 ] | plvnad 2009 050 @

targets for therapeutic intervention are needed to treat liver
fibmsts. Recent evidence supported a prominent mle for con-
nective tssue growth factor (CTGF) in the pathogenssis of liver
fibrosts. CTGF acts as a downstream mediator of TGF-1 induced
fibrosis, the level of CTGF mENA s markedly increased im cul tured
H5Cs and in fibrotc lver. Activated HSCs s the main source of
CTGF prod wction (Paradis ef al. 1999, 2002; Willlams ef al. 2000
Inhibition of CTGF resulted im a potent reduction of fibrosis
(Li et al. 2006) Mow, CTGF is a potential target for antifibrotic
strategies in liver fibrosis the apoe

Rosmarinic acid | @ 0-caffeoy]-3.4- diydroxyp hemy] lactic acid,
RA) is a naturally occwming hydreodated compownd. Many
bioactivides of RA hawe been reported,  amti-inflammatory
(N Dsakabe ef al 2004; Jlang et al 2000, antangiegenic (Heang
and Zheng 2006), antitwmor (McKay and Blumberg 2006), amnd
HIW-1-inhibiting properties (Dubads et al. 2008). The aim of this
study was to inestigate the antifibrogenic e ffect and mechanisms
of RA in rat HSCs with THMF-2 as the acthator to determine
a-smpath muscle actin (=-5MAYL TGF-B1 and CTGF expression,
H5Cs prodiferation and carson tetrachloride (COL Hnduced liver
fibosts andmal maodel.

Materials and met ods
Chemicals

RA (Formula; CuHeDs, molecule weight: 380) (Fg 1) was
obitained from Shandong Engineering Research Center for Mature

- 107 -



In vitro and in vivo antifibrotic effects of rosmarinicacid on experimental

EA
liver fibrosis
A4 Gui-Sheng Lia, Wang-Lin Jianga, Jing—-Wei Tian, Gui-Wu Qu, Hai-Bo
X
Zhu, Feng-Hua Fu
Al A ] Phytomedicine, 2010, 17(3-4), 282-288
Rosmarinic acid®] antifibrosis &3} & AlX 53 T& ZddA 32lstd
o $-. Hepatic stellate cell (HSC)¥} rat liveroll A fibrosis®] ®}7¢l TGF-£1,
CTGF, a-SMA<S =A3}9e. ®3% histopathological morphologyS <13}
o liver fibrosis7t 155 R39S
U Z 7}
HSC Rosmarinic acid® A 2@3t9-& wWf HSCY proliferatione A= AL &
AR, ole AR Axe T4 & AgAFgo=EHR 719 HF3 s
proliferation
AAlgta E & S
. Fibrosis7} X 3= @A YElE biomarker €9 AAAEE RT-PCR%
biomarker o
western blotg %3}le] 3213t Rosmarinic acidE A #3s9<S wf HSCoA
assay .
TGF-B1, CTGF, a-SMA7} 2% ZtAasteE AS 39S
A3 FE EEQ CCUE FHstA9S o, 7He AR3s7t JqEE &9l
Serum
3t 2™ rosmarinic acidg 2ol FAHS o 1+ &4 AFEQJ AST, ALT
enzyme 3 .
7} ZadE AL A9 e F, 7 £4 225 rosmarinic acid7} B &
measurement .
3t AS &g
Immunohisto L )
. Rat®] & AZ $ stainingS T3l 719 fibrosisE 133 S o,
—chemical . ~ o
_ rosmarinic acidZ} 7te] Mf3tE AATFS 4T
detection
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Protective effect of aqueous extract of Perilla frutescens on
tert-butyl hydroperoxide-induced oxidative hepatotoxicity in rats

Min-Kyung Kim * Huyn-Sun Lee *, Eun-Jin Kim *, Nam-Hee Won ",
Young-Min Chi ©, Byoung-Chul Kim *, Kwang-Won Lee **
* Department af Food Science, College of Life Sdences and Biotechnology, Korea University, Seoul Republic af Kora

® Department of Pathology, Coliege of Medidne, Korea University, Seoul, Republic of Korea
 Divivion af Botedinology of Geedc Engincering. Collepe of Life Sciences and Biotechnology, Korea University, Seoul, Republic of Korea

Recaved 21 June 2006; acepted 12 March 2007

Abstract

The leaves of perilla [Perdle frutescens (L) Britt. var. jeponica { Hask.) Hara] are often waed in Asian gowrmet food . The object of this
study was to evaluate the protective effects of an aqueous extract of perilla leaves on the fere-Tuty] hydoo peroxide (-BHP)-induced
oxidative injury observed in rat livers. The treatment of the hepatocytes with the perilla leaf extract (PLE) significantly reversed the
t-BHP-induced cell cytotoxcity and lipid peroxidation. In addition, PLE exhibited ferric-reducing antioxidant power and 2, 2-diphenyl-
|-picryllydrazy] free mdical scavenging activities. The invaestudy showed that the pretreatment with PLE (1000 or 3000 meke) for 3 days
before a single dose of -BHP (i.p.; 0.2 mmol/kg) significantly lowered the serum kewek of aspartate aminotransfe mse and alanine ami-
notramsferase, reduced the indicators of oxidative stress in the liver, such as the glutathione disulfide content and lipid peroxidation level
in a dose-de pendent manner, and remarkably increased the activity of hepatic - gutamylcysteine synthetase. Histopathological exami-
natiom of the rat livers showed that PLE reduced the incidence of liver lesions induced by -BHP. Based on the results described abowve, it

is sugpested that PLE has the potential to protect liver against -BHP-induced hepatic damage in rats.

& 2007 Elsevier Ltd. Al rights reserved.

Eeywords Perilla leaf; Antioxidant; Hepatotomcty; Oxidative siress; ferr-Buty] hydroperoakle

1. Introduction

Hepatocytes, which make up the magority of the liver
structure, are very active in the metabohsm of exopenous
chemicals, and this is one of the major reasons why the

Abbreviaiions ALT, alanine aminotrznsierase; AST, aminodrans Erase;
BSA, bovine serum album; DPPH, 2 2-diphenyl-1-picryThydraeyl; DM,
dry matter; MTT, (3[4, S-dimethy lthizeol-2-y1 #2, S-depheny] tetrazolium
bromide; FRAP, fancredusing antioxkdant power; GAE, milic ackd
equivalents; S pglubmylkcysiane synthezse; GSH, gluathiome;
G530, oxdied GSH; HEE, hemstoxyln and eosin; LDH, hdake
dehydrogemmse; MDA, malmdizklshyde; PBS, phosphate-buffened s lne;
PLE, perillz leaf extract, RS, reactive oxygen speces; -BHP, rert-butyl
hydmoperoxide; TF, total polyphenol.

* Comresponding suthor. Td: +82 2 3290 3027; fax: 482 2 925 1970,

E-rai] address: kwangwonikorea ac kr (K.-W. Le=).

2 7R-5915/% = sew front matter © 3007 Elevier Lid. AT rights reserved.
daoi:10.1 016/ 5ot 2007.03. 009

Iver 15 a target for toxic substances (Timbrell, 2001,
During the detoxification of xenobiotics, readtive oxvgen
species (ROS) are penerated which cause oxidative stress
{(Kohen and Myska, 2002). In recent studies, agng and
related diseases, such as cincer and coronary heart disease
and neurcdegenerative disorders such as Alzheimer's dis-
ease were found to be related to oxdative and free-radi-
calmediated reactions (Smith et al., 1996, Ames ot al.,
199 3; Weinbrenner et al., 2003). The tpping of the balance
towards proowdant statns results in oxidative stress-
induced damage to cellular and extracelular maoomole-
cules, such as protans, ipids and nuclac aads (Halliwell
and Gutteridge, 1999, Schafer and Busttner, 2001), and
affects the immune function (Hughes, 1999). Endogenous
or dietary factors play a major role in the antioxidative
defenses of the organism against the ROS generatad during
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Protective effect of agueous extract of Perilla frutescens on

E A
tert—-butyl hydroperoxide-induced oxidative hepatotoxicity in rats
A4 Min-Kyung Kim, Huyn-Sun Lee, Eun-Jin Kim, Nam-Hee Won,
.l
Young-Min Chi, Byoung—Chul Kim, Kwang—-Won Lee
Al A ] Food and Chemical toxicology, 2007, 45(9), 1738-1744
A F2E9 dist 7154 S &38t3, Ratl AT T3 2 235 7]
SAE s AY FEELS 1000, 3000 mg/kg bw. 2 AT Fo3tod
2= ddo] AST, ALTE t-BHPE Agstgds wEor ZAasta o, lipid
peroxidation® GSH e =718t o, GSSGE #AsP L. =3 %7
B RHORE b &4 WHo) ZHEE AL ARG
1 43
Cytotoxicity Rat®] 7F& primary culture® 7+ A|¥ & dglon, t-BHPd 9§ A=Z A}
MIT @236 29 322 AL o REss ads FAdge. =@
assay) LDHE Z4&3leE AL 39 e
Lipid A FZEo] t-BHPel o3 XA HE HII= EHE Rat
peroxidation primary culture hepatocyte®} A% o] & 7 ZF A &<l3tg L.
Serum . - .
AD FE2ES AT FASG S o Yol I &4 markerd AST, ALT
enzyme
BE gadte A2 RARYS
measurement
Immunohisto L ) ) o
hemical Rate] 7+8 A& $ H&E stainings F3t9 7HY &4 AZE Q9 &
—-chemic
g, AY FEE0] 7 &4 9A E4& YEdE s 3%
detection
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Isolation of caffeic acid from Perilla frutescens and its role in
enhancing y-glutamylcysteine synthetase activity and glutathione level
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Perills frutesrens is am anmual herbarsous plant native to Asia, where its leaves an= ussd in Asian gourmest
food. Owur previous study showed that the inhibition of y-ghtamyloyst=ine synthetams (p=G0S) aotivity
was remarkahl y remvernsd by pretreatment with perilla leaf extract (FLE) The objective was to fraoti oniss
PLE. and toidentify the adtive component that i responsible for the enhanoement of 1605 activity and

ghitathione (iG5H ) concenitration. Among the five fractions from PLE, FLE-11 of the =thyl acetaes fraction

Morpoats

Ferilhy faatesomes

Calfvsc acikd
y-Clutam pic psredne synrherase
(Curamhione

HapG2 cedls

showed the highest pG(S adivity in 2 Hepl? o=l experiment, and was further chromatographed. The
purified compmmd, which enhanced wG0S adtivity, was finally identified as caffeic acid. We first report
the enhano=ment of ¥-G (5 aotivity and GSH level in HepG2 cells by cafeic acd obtained from FIE. Our
e s sugpest that affeicacd may be akey Bctor in the chemopreventive potential of perilla lef com=
ponents by inoasing de novo synthesis of GEH

= 2009 Esevier ltd. All ights reserved.

L Introsdul ction

It is well recognised that oxidative and free-radical-mediated
reactions contribute to agng and related diseases, such as cancer,
coronary disease, and neurcgenerative disorders (Smith et al
1936, Weinbrenner et al, 2NH). Endogenous or dietary factors
play animportant mde in the antiosxddative defenses of organ sms
agains the reactive oxygen species (ROS5) generated during normal
cellular aemrpbic respiration (Kohem & Myska 2002) Cuwrent
epldemiclogical data support that increased intakes of dietary
antiosddants may help the tpping of the balance towards
a proper antiosddant status (Halliwell Murcla, Chirico, & Anoma,
19451

Abbreviwbwes: 005, y-guramylopseine syndetace; GH, ghmsbone; FIE
perilla leaf exwact f-EBHP, sor-baryl hydropercodde; MEM, minimum excenrial
e mi; FES, fetal Dowine ssnum; MITT, 345 dimesh sithiaznd-3-yi|-2, 5-Gepheayl
emazolium; ATP, adencdine 5 -miphoaphar; FE, phospho enol jpynvae; HNADH,
E-nibcoingm ke 2 den bne din uoeoride mduced dipo@ssium sl B5A, bofine seum
v m; Falvhe, eyl acemne; BolDH, s-botancd; b=, m evhan dl; 850, Bathdonine
Sulioaide

# Comegponding au thor. Addrexs: Laboraory of Food Bicchem sy and Tookood-
ogy, Division of Fosd Bicedenos and Technodogy, of life Timces and
o Koma Univarsivy, Seoul 135713, Republic of Karea, Tel: <52 T 334940
AT, G +E2 2 953 O73T.
E-puyll antoe Mo Pygahoraiionnad 30 b | BC-WL L2l

BOE-E1455 - 22 front mamer & D00 Boevier Ll Al rights resered.
il 100015} foodchem P00 07 0

As a candidate dietary sowrce, our research group has focused
om Perilla |[Perilla frutescens (L) Britt var. japondca (Hassk.) Haral.
This plant is an anmeal hebaceows plant native to Southeast Aslan
cowntries 1ts leaves are often wsed in sushl garnishes and soups,
amd to wrap and eat cooked foods. The antoxidative, anti-allergic,
ant-inflammatory, and anti-tumor promoting sebsances con-
taimed in perilla plants have earned considerable attent ion | Banno
etal, 2004; Kim et al, 207, Makino et al., 2003; Deda, ¥ amaz aki,
B Yamazakd, 2002, 2000 Our previews in vvo study showed a pro-
tective effect of aqueous perilla leaf extract (PLE) on nert-bautyl
hydropemxdde (-BHPFinduced osdative hepatotosdcity (Kim
et al, 2007) While the administration of -BHP significantly de-
creased gutathione (G5H) level the pretreatment of PLE remark-
ably increased GSH to an even higher level compared to that of
the untreated contrel Also, we observed a significant increase in
hepatic y-glutamylcysteine synthetase (p-GCS) activity by the
PLE treatment.

GEH is a ubiquitows molecule that plays an important rode in
imtracellular free radical metabsdlism as well as xenoblotc de bosxd-
fication (Blaglow et al, 19891 The enzyme catalysing the first
and rate-limitng step in de nove G5H synthests is y-G05 (Dringen,
20060 To the best of our knowledge, the active component of PLE
that is responsible for enhancing hepatic p-GCS activity and GSH
concentration has not been identified. Therefore, this reseanch
aimed to identify the functonal compound of agueous PLE pos-
sessing the aforementioned activites wsing the human hepatocel -
lular cell line Hepl2.
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Isolation of caffeic acid from Perilla frutescens and its role in enhancing
y—glutamylcysteine synthetase activity and glutathione level

Ho-Young Park, Mi-Hyun Nam, Hyun-Sun Lee, Woojin Jun, Suzanne
Hendrich, Kwang-Won Lee

Food Chemistry, 2010, 119(2), 724-730

A FEE0°] AXU GSHE FAHse v-GCS 4 A& F7/HA171& A
& FAF. EF oE FHANE AL F2EY Fo AX 2L caffeic

acidyd< HPLCY NMR=E +% A%

=k

Extraction

¥-GCS

activity

AN FE5E55 HepG2el 5=®, AZEE Asids W GSH 48347 #
y-GCS &4 Ao F7IgS FUsdE. =8 4 288 FE=2

AgstHe W ¥y-GCS &4 &40l F7hste #3858 ol 7= AT
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Perilla frutescens leaves are often used in East Asian gourmet food. In this study, we investigated the hepa-
toprotective effects of P. frutesrens leaves grown in different concentrations of sucrose (0, 115, 175 and
215 mM sucrose) leading to four samples of perilla leaf extracts (PLEs) Based on caffeic acid level and
antioxidant activities, further experiments were conducted using perilla leaf extracts treated with 6
sucrose compared with non-treated perilla leaf extracts as a control. Oral intubation with non-treated
perilla leaf extracts or perilla leal extracts treated with 6% sucrose (1000 mg'ke bow. rat) for 5 days
wias conducted before treatment with a single dose of tert-butyl hydroperoide (005 mmolikg bw, ip)
led to a significant reduction of hepatic touicity in the perilla leaf extracts treated with 6% sucrose. We
demonstrated that P frutescens with higher contents of caffeic acid was produced, and that sucrose could
play a mle in the induction of this secondary metabolite. Sucrose-treated perilla leaves, which had better

Hiepatol axicity

antioxidant activities than untreated leaves, can be used as a potential dietary source.

@ 2012 Ekevier Ltd. All rights reserved.

1. Introduction

Perilla frutescens (L.) Britt. var. faponfea (Hassk. ) Harais is an an-
nual herbaceous plant native to Southeast Asian countries. The
leaves of this plant are often used in sushi, garnish, soups, and to
wrap and eat cooked food. Our previous i vivo study showed that
aqueous perilla leal extract {PLE) had antoxidant activities against
t-butyl hydroperoxide-induced oxidative hepatotoxicity (Kim
etal, 2007} In another study, our group demonstrated that caffieic
acid (CA)isolated from aqueous PLE caused asignificant increase in
intracellular y-glutamyleysteine synthetase (y-GCS) activity in
hepatocytes, and that this elevation appears to result in de novo
elevation of the levels of the endogenous antioxidant, glutathione
(GSH) content (Park et al,, 20100 CA is a dietary non-flavonoid phe-
nolic compound that is naturally occurring in a large number of
vegetables and medicinal herbs (Marques & Farah, 2009}, This phy-
tochemical also possesses antioxidant, immunomodulatory, car-
cinogenic, and anti-inflammatory activides (Fesen et al, 1994;

* Coresponding Juthor. Address: 212 ] Food Safery Hall Division of Food
Bimcienee & Technology, College of Life Science and Bistedmology, Korea
University. Anam-Dang, Sungbuk-Gu, Seou 136-701, South Korea. Tel: +82 2
3290 37T, fax: +82 2 927 1970,

E-mmail address: kwangwondhoreasc kr [(K-W. Leel

0308-8146/8 - s front matter & 2012 Bisvier Lid All Aghts reserved.
doi: 10101 §j adechem 201 2.01.037

Johnson, Marchand, & Pommier, 2004; Mardini, Matella, Gentili,
DiFelice, & Scaccind, 1997),

It was recently reported that sucrose treatment increased sec-
ondary phenyl propanold metabolites, such as anthocyanins ingra-
vine cells and Arabidopsis seed cultures (Ferrl, Righettl, & Tassoni,
2011; Kwon et al, 2001). It has long been known that, in addition
o providing energy and serving as a structural unit, sucrose also
generates physiological signals that regulate the expression of
genes involved in both primary and secondary metabolism in
plants {Rolland, Moore, & Sheen, 2002; Smeekens, 2000). More-
over, the synthesis of rosmarinic add (RA), an ester of CA found
in many medicinal plants induding rosmary, mint and perilla,
has been shown to be upregulated by elevation of sucrose levels
from 1% to 5% (Gertlowski & Petersen, 1993; Petersen, 1991). As
CA is a compound produced by the cmmon phenylpropanoid
pathway (Croteau, Kutchan, & Lewis, 2000, we proposed that CA
bicsynthesis in the perilla leal could be also promoted by increas-
ing the sucrose concentration during cultivation,

In this study, we report for the first time, a method of inducing
bicsyntheses of CA in P. frutescens by treatment with different su-
crose levels, These findings indicate that sucrose concentrations
can play a role in the induction of CA. Additionally, we investigated
the sucrose-treated PLE to determine if it had enhanced effects on
liver injury induced by tert-butyl hydroperoxide (-BHP) when
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Protective effect of extracts of Perilla frutescens treated with sucrose on

XA tert-butyl hydroperoxide-induced oxidative hepatotoxicity in vitro and in
vivo
47 Sung-Yong Yang, Chung-oui Hong, Hojoung Lee, Sang-yul Park,
e
Byung-gyu Park, Kwang-Won Lee
Al A A Food Chemistry, 2012, 133(2), 337-343
A AYE Tt F S 7SS ASA ALS A¥istn AlE 5
I FE REAA T B3 48 SAHNIE AT 4~8% AHIIIRE W
& A3l &4 3} caffeic acid, rosmarinic acid % 6%l 7FE A 7}
Z
sge. wakd 6% Aie o]%o}oq 7+ A9 GSH, MDA &A% A+
Fo & 7+ 2F94 GSH, MD I3t S o dut ALY {FoHo
2 =22 7 B3 FAL ‘4"3"'“91?.
i 43
T AT G A AL FEEE AZT 7, NS GHE ZAAR
Antioxidant _
o £. % 57}A, total polyphenol, total flavonoid, DPPH, FRAP, ABTS assay
activity
£ 39S W 2" 6% AgyTdA JHE =2 FAks €4 F7HE UEUW
assay o
oo L AT AR e AL FERA ALl R4 AR 249 caffeic
. acid®t rosmarinic acid& #43AL W, 6% AHTAA 7 =2 F7HE
analysis R
JE S
At AL 6% A AHEH AY FEEE ratd 5€7 1000 mg/kg b.w.E
Rat 759 ¥ t-BHPZ zte] Ag 2EFAE FESGE dqFHe=
treatment AST, ALT, LDHE A3 S W A9 AHIATNA Fo¥e=z 7+ B3 &
qol F7HeE HAKAS.
Rate] 744 H23 ¥ 3 2Fo|A GSH 3+%3 MDA 44< ZA33S.
GSH, MDA 6% A% Aol ddt AYHEY FoFoz & 7F 235 &4o] &
assay % ou H&E stainingS 3o #Hesdtxy oz 7 238 AFd IS o 7+

=
o W¥ol Fast e @

n3
o
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Antioxidant activity of caffeic acid (3.4-dihydroxycinnamic acid)
fhami Galein*
Fazcalty of Aeir onad Sriencer, Deparenest of Cheninry Al Danernng TH- 25240 Errarem, Tirkey

Foosived 25 Aupust 3005, raxsval in revisal form 2T Seplember 2005 scosplod 17 Seplember 0I5
Socalabe anlmne 21 Detober X005

Absract

Cafic acd (3, -dilnydroryinmsic acd) is aweng the pajor Insronycimmamic acids prusant in wine; sinzpic acd, whichis a
potant amioeidan:, It has alse been identficd a: one of the acthe atioxidant In tho presant stedy, the anfioxidant proparties of
the cafiedc acid ware ealuased by wsng dierent n vige antoxddt sy sachas Tamme- b -tin Toanrthiazoling-S-sulfonic
ln:l.ﬂ; [AHTS) radical n::l.mmng. 1 1-dipham}--picryi-lnndmmnd fros mdical (DFFE") scnwngng, totl anfioxidwmt acthity by

farmic thiocyanate method, fotel mducthe capabdlity nsing the potssius femicyamide mdnction method, supanoxide anion adical
wamngg and mem] chelrting acthitias. o-Tocopharo] folox 2 water-soinhle amalope of twoopharal, rtylamd bpdroxcyanisale
{EHA), amd trrrylated Iypdrosytomens (BEHT) wam need 25 th refierses: anfiomdant compounds At e concamsratons of 10 and
30 el caffeic acid shooed 58,2 and 75 8% mhibifion om |mpid pemxidation of linoleée acid esmlsion, respectahy: Cio the othar
hand, 1) pgeel. of sandard antimodm such ax BEA, BHT, «-tocophern] and trolox isdicated am inhibition of 744, 71.2, .7 and
=0 1% oo pareecidnton of linckic acd semtlaren, mepecmnely. In addifion, caffedc acid & an eSecne ASTS™ sensngzing, DPFED

KEmnETy, Npsnde amon mdical wasenging, sl redncing poover and metad chalatizg om fermous ions acthites.

& 3005 Elueviar Irlamed Lid. All rights reseresd.

Krpronde: Caffsic sl 1 4-Dibydneyonesme: scid, Aslicocilest activily, Motal chelaiong, Bolcing poseer; Baboal acressgng

l. Imtroduction

Phenolic compounds am secondary plant mvefabo-
lites and mamrally present in almost all plant mate-
rials, incleding food products of plant origim These
componnds are theaght to be an imgral part of both
human and animal diets (Promisdow and Treimsides,
2002). Phanclic acids are simple phemol becamsa of
thair structems. Hydroxycinnaic acid i the major sob-
group of phanolic componnds (Sancher-Morens e al.,
159E; Broka and Cisowrski, 2003). Hydroxycinnansates
are: phenylpropancid metabolites and oocer widely in
plants (Hormmeaom, 1989, and plant prodwcts {Clifford,

*Tel -+ 442 214 e 30 447 TR
Fonad addnoyere igulicn T ateeni e i, igulcniyihon oo

1988, Hydroxyrinnarsates and thair dern-ates am binac-
tive plant food ingrediants. They schibdf in vitre anHox-
daxt activity, which might bave beneficial health impact
in wive (Eroon and Wiliamson, 1999

Caffaic acid (3 4-dibydroxycizmamic acid) ha bean
ihown to0 be & @-tocopherol protectant in Jow-density
lipoprotein (LOL) (Lemanjinha ot al, 1997). Alsa, is
conngates sach as chlomogenic and cafaric acids ware
demonstrated to be more powrerfol axticeidyns in 3 rope-
bar of differest systamss (Mever ot al , 1998; Fulmmeto
and Mazea, 2000). Caffeic acid and ity derhatives are
good mbstrates of polyphenal oxidasss, and nnder cer-
tain conditioms may emdergo oxidation in plant tusnes
or products of plant origin (Eerry and Rics-Evans, 199E;
Biassdl et al, 2005).

The importance of mactive oxygen species (ROE)
and fres madicals has aftracted increasing atntion enver

R0 4RTIS — s (rond ealer € HI05 Flaevier Inclind 1ad Al rights reserval.

b 0. 100Y] g s BORS, (R KT
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Antioxidant activity of caffeic acid (3,4-dihydroxycinnamic acid)

A A} Thami Gulcin
Al A A] Toxicology 2006, 217(2-3), 213 - 20
F hydroxycinnamic acids o &}1tel caffeic acid
(3,4-dihydroxycinnamic acid) &4tsl 84S 7IX&E Aoz <A Sith
BHA, BHT, a-tocopherol 53 #Z2 standard antioxidant compounds$} H]
28X &le]  ferric thiocyanate method, Total reductive capability, ABTS
scavenging, DPPH scavenging, superoxide anions radical scavengings 3}
Z& antioxidant assay 23 &3¢ 43 58S /A= Ao R eyt
.
Wy A%
fertic ferric thiocyanate methods™ 2t3 279G Ao AAEHE peroxided ¥E =
Asle WHO =R caffeic acidE A7 3RS W 71 peroxided o] AL
thiocyanate . )
AL &¢1319 a1, standard¢! a-tocopherol® trolox®th © 43t &F3r}
method 9 Aoz T
At E A3 22 reductants’t EAE u, Fe3+/ferricyanide complex”}
Total Fe'ol 812 g9o] Hxu, 1 A% F24& G4 H0, 1 Ho g F%
reductive £& A3 s FEE S WHLORE, caffeic acid’7t BHT, BHA,
capability ~ a-tocopherol@ trolox Bt &3 3gkol 71 =4 Yelgoern=z gitstgo] 7t
F EFhe s 39T
ABTS &4 ZA3, caffeic acid7} & 9&EHoZ 73 ABTS radical
ABTS scavenging activity® RolE A& #18H 3, E3F standard] trolox, a
—-tocopherol®t} ] &7} A= A= JElE
DPPH caffeic acid’7} 5% &2 o2 7372 DPPH radical scavenging activity
£ Hole As &3t
superoxide 0 ug/ml®] caffeic acid®] superoxide anion radical scavenging activity %t

anion radical
scavenging

activity

1

2 oF 61.9% =% YEE, 2L F%9 standard?l BHA, BHT, a-tocopherol,
trolox= 47 76.0, 47.3, 714, 7182% 2.2 YEldt Aoz Hol dits g3}
AE Aoz g,
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Keyverdh:
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Caffwic acid

s TERTE L
Liver

Satizxid apin

Wicke! [ Ni), 2 major environmental polktant, is known for its wide toxic manifestations.
I e present study cafeic acid [CA) one of the most ommonly oooarTing phenolkc acids
i nsits, graies and dietary sspplements, was evaluated for its protective effect aginst
the i induced oxidative damage in lwver, In bhis investigation, Ki [20 mg/kg body weight )
Was afministered intraperitonsally for 20 days bo induce boxicity. CA was administered
orally [15, 30 and 60 myfkg body weight] for 20 days with intaperitoneal adminitration
of Ni. Ni induced liver damage was ciearty shown by the increased activities of serum hep-
dlic errymes ramely apartaie frammeress (AST), alanne iansaminass [(MT) alkaling
phospiaze (ALF), gamma glutamyd transderse (CCT) and boate detydmyenass (LIH)
along with increased elevation of lipsd peroxidation indices | thiobarbitursc reactive acid
sabstances [TRARS) and lipid hydmperoxides). The boxic efect of i was also indicated by
sgmiicanily decreased levels of enrymatic [mperoide dismetase (S00), catakese [CAT)
glutathione permidase [GPY) and phafathione 5-transerse (G3T]) and non-enrymatic
antioxidants [gheathione [CSH), vitamin C and visamin E). CA administered & 2 dose of
B0 My body weight sgnacanely reversed the activities of BEpatic marker enzymes o
their near normal levels when compared with ceher two doses. In addition, CA signdicantly
rediaced kipid percaidation and resored the levels of antionadant delense in the liver. All
these changes wene supported by histological chservations. The mesults indicie that CA
may be bemeficial in amelivating the i induced oxidative damage i the liver of rats.

© 2008 Elsevier Ineland Lid. AT rights reserved.

L Imirodection

to produce metallothionin, a low moleod ar weight protsin
having high affinity fior Ni [4] The most possible mecha-

The toxicity of Mickle (Mi) has become an object of
great interest because of widely distribubed in envinom-
menital ooosTence [1]. Humans are exposed to M via,
food, water and air produced from sources sich as min-
ing, extraction, refining, electroplating, food and
Hi waste disposal [2] M has known multisystem imparts
on human health following its =sxposere and major target
organs include kiver, idney, brain, hang and testes [3]. Liver
is one of the susceptible crgans of i bodcity since it plays
a major rale in its detoxification and also has the ability

¥ Correwpond ieg muthas: Tel: +31 £144 FRT; B 290 4144 2045
& -mail eddfrem- parshalyjilgrailoren (L Faril

SO00-T7F % - see froat matier © 2008 Elurvier Badand Lid Al rights reserved

det 101015 b 30080 MO

nitsm that may be operative in K toxicity is the geperation of
reactive oxygen species [ROS5), which initiates lipid peroxi-
dation, thereby cansing damage to oritical macromolecules
like probeins or DA asweell 25 cell damage and death 5] 1n
addition to that, depletion of ghetathione and other
mous amtiowidants may alsy contribube significantly to
development of Mi indisced foxicity madative threat |E].
There is an emerging interest in the use of natu-
rally ccomming, phytochemicals with hepatoprotective and
antioeidant activity im Mi intoxication therapy Cafisic acid
(CA, R 1) is a non-Navanoid catecholic compownd abun-
dantly present in mamy plants and ocoers in dist s part of
fruits, tea, coffee and wine |7]. It is effective a5 a treating
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Efficacy of caffeic acid in preventing nickel induced oxidative damage in

EZA
liver of rats
Z| A} L. Pari, A. Prasath
Al A A Chemico-Biological Interactions, 2008, 173(2), 77 - 83
caffeic acide #¥, =& T &A= 7FE €ub3H 2l phenolic acidZ A,
ax b oA Ats 2EHARE FEE Ni°ﬂ e 25 597 9 AL i
vivo FEdA A olE A4St 24 A, €F uA 249 @4
A, lipid peroxidation &4 5& &3] 2lg.
g 23
caffeic acidg 27 A% ratd 21%A FE ratd NiE 545FS 3o
2% rat®] 8% &49 AST, ALT, LDH, GGTE Hlug. 4 gx9 Ags
A & A9 A FXE Ni F9 ol% tlxad vl 71 YErH L, caffeic acid F4
A EA TE& &4 Ao] Ni BT H8] #AAIE EHE B AIFAEHA
o & =5 Niol 9% 1 24 B3 27 e AR AT
Lipid
peroxidation TBARS$} lipidhydroperoxide= Ni Fo7oll H| 3] Ni¢} caffeic acidE
and 7l B3 FolA #ZAasE A E JENG I, vitaminC, vitaminE$ GSH

non-enzymatic

antioxidants

Enzymatic

antioxidants

t F7lse Ao dehd RoE F,

Ni oo A enzymatic antioxidants (SOD, CAT, GPx, GST)9 &4

43d gadteE A2 JEgou, Nigk CA FoToAEs &4¢ F7t
e Aoz Yehd,
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Studies on the protective effects of caffeic acid and quercetin on
chemical-induced hepatotoxicity in rodents

K H. Janba7*, 5.A. Saced”. AH. Gilani™*

* Facacl y of Phormicy, Bobawdiin Zaharia Uhinersity, Madlan, Pakizian

" Dhepuiriment of Burkepical & Biomedi d Scienc ey, The dgn Khon Uniserrily Medical Colk ge, Karacki T8N, Fukigan
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Abstract

Caffeic agd and querceim, the wellkmown phenalic componnds widely presani m the plam kmgdom, were
investigated for thar posahle protedive alfeds agaims paraceamo] and O -induoed hepatic damage. Poaraceiamal at
the oral dese of 1g/kg produced 100% moriality m mice while prefreatmen of ssparate gronps of animals with cafieic
acid i mg/kg) and querceim {10 mg/kg) redoced ihe death rateto 5% and 3%, respeciively. Omal admmsinason of
suhlethal dose of paraceiamal #40mg kgl prodoced bver damage in rais as manifesied by the significand (#<001)
rise in serum levels o faminotransferasss (aspariate trarsamimase (A3 T) and alanine transamnass (ALT ) companad o
respective comral valoes. The sarum enzyme valoes were significamly (#0000 ) kewered on pretreasimen of rak with
eriher caffeic aaid % mg/kg) or quercedin {10mgkg). Smmilarly, the hepaiodomc dose of OO (1.5m]kg; arally) aka
rased sgmaficamly (Fac008) ihe serom AST and ALT levels as oompared 1o cominal valoes. The same dose af 1he
caffes acid and qoenedin was ahble to prevent (0] -induced mise in sermm enzymess. Caffeic aced and quenetin aka
preveniad the OCLemdned prolongation m penioharhifal sleepng tme confirming thar hepainprotecinay. Thess
remlts indicale ihai offsc acd and querceim exhibiied hepaioprodecive acinaly possibly throngh mmitple
e ham ke,

i 2004 Elevier GmbH. All ighis ressrved.

Keywonds: Calfsc asd, Qusiets, Heubopowie, Pasatasal, 0L, Rodess

1955; Hudson o al , 30060 Saleas e al, 30602), an douleer
(Mariin & al, 1993 AlSereit o1 al, 1999), amii
muageness (Wargovich & al, 1955 Karekar & al,

Introduction

Cafless add and quercetin are phenolic compounds

widely present im plam kmgdom (Cruke, 1992). Thess
compomnds have hen eviensvely sindied and are
knoen i share a specty um of pharmacn kagical actinvies
induding ant-mflammatory (Taguchi e al, 199%;
Marara ei al, 3000), ami-allrgic (Muoroia and Keoshi
hara, 15985 Kmmaia #1 al., 2000}, amidummar {Li & al,

Wosopmday mbe Te: +932435450; & +92-20-
A0agEy.
Ermail addrarr mrens plasigst o (A H. (Rl

(71 13- o o ot e ) 200 Baevees (imisH . AN spavi roesved.

cleac 1L 101! g pbrporacd 2 (614 035 (02

X}, cardsaprotectie (Kaokchin e al,, 1991; Carmecell
and Trivedi, 1999} and ako mmmmmomadobior (Kato
and Murota, 1955 Buso o1 al, 1999) acthviies.

The ant-hacterial {Randers = al, 3000}, anti-viral
(Thiel =t al, 1984; Visiinck o al., 1998) ami-proiozoal
(Shapiro 1 al., 196), ani-fertilty (Theng = al, 1957),
antisteroidogmness (Mee et al, 1997) and chamopro-
teclam {Adee el al, 1957} acinaiies are known 1o he
exhihiied by caffeic acid alome, wherms ihe ami
prosatis (Shoskes, 200F) ani-plaielss (Pignateli e1 al,
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Studies on the protective effects of caffeic acid and quercetin on

EA4
chemical-induced hepatotoxicity in rodents
Z R} K.H. Janbaza, S.A. Saeedb, A.H. Gilani
Al A A Phytomedicine 2004, 11(5), 424 - 430
phenolic compounds® &7 caffeic acid®} quercetine =
ax paracetamol®} CCLel 98] FrEHE 7+%37 &4 tdsle BT avs
M= AL in vivo FEoNA el
i A3}
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o 2 Yol 3 aFE caffeic acid, B & I EFYE querceting o] A4
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E“’
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EFFECT OF CAFFEIC ACID ON TERT-BUTYL HYDROPEROXIDE-INDUCED
OXIDATIVE STERESS IN U937
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plasma in & diet-Sependen comentelion The sim of tis fuly wi 1o cvaluste the sbilily of calliie ol o phenal:
acid with nbicoidest activity, 1o efol ccllekar respoi in 17537 human monesyi: ol i ubl hydopamasle-
mduied pxidive deci. In dur experimenisl condition cafTes: il win moofperaied inla cells witheul sy Syioloe:
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TRODLUCTION

The impairmendt of the atocdad defense syviem &
comsidered to be critically imeobved in 2 numher of patho-
bogical conditions ncinding cardiovascular diveae, ath-
wroiclarois, cancer, nflammation, and atamcs [1-6].
Digt can conimbeie to the overall mdox balance a5 a2
sourcs of nainral anfiowidasds, which an comadered ma-
jor health-protectng factor.

MomTtamin phenolic compomnds are bioactive wub-
stances widely ooomming & food plmts and Swrfors
pubantially presant in eman plaams in 2 disi-dependant
conceniration. Amomg these compounds, caffeic acid
(CA) is the most stmmdant of the Inpdroxy cinnamic scids
and i found narurlly @ vrown agnobimml prodecs
such fraits, vegetables, wing, olfve odl, and coffes beans
[7.B]- CA iz atworhed in bumans after oral administration
and specific metzholites are detected @ the wrine [¥].

In provious studics we foumd that CA inhibited i
cism 1 low-damity 1 i oxidation induced

Audro i Dr. bl i, Infibmie arimie

della Meiroone, Vi Ardestna 586, 00078 Rome, Faly; Td: +556
ST L Fax 30030502, F-iel: sardn Smn ngm. i

by diffarent wywems [Co®*, 2.2-aschis(?-an=dnopre-
pans] (AAFH) maorophams] y both a tmansient chelifion
of the: copper catalyst amd the scnengmg of machs oxy-
gan species [10,11] Morecmr, CA wxidted 2 spaming
adfect somard alpha-tecophancd and bete-ramotems [10].
CA has alse hean meporied o inhibit the cxddstion of
lipoprotuin sxposed to famyimyoglotin and to recycling
alpka-tocopharol from. alpha-tocopharomy] mdical [11].
Am i vivo sudy from oer hbortory shoaed that distary
mpplemextation of CA =t rsulted in a satstically
dgnificant mcrease of alpka-tocopharol bof in plasea
and Bpopredin [12]. Mosorer, CA wa found to be
Pressat iz postprandil plaama in ebcremelr concemtra-
from CA-fed rab weme more mesistant than control to in
vitro oxidation. Thess sl demomimate the phyroleg-
izal relevamce of CA 2nd its antexidant action in whvo
Momooyte calls, s circulating cells, ame sasily of-
focted by distary-derhed paromides and anSowidamts
presant in plasma. Rocently it kos besn reporied that
mpplemextation of alpha-tocopherel in bumons affect
talbular function o monocyies [13]. The report provided
wvidancs for an infracallar afect of alpha-tocopharc] in
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EFFECT OF CAFFEIC ACID ON TERT-BUTYL

sl HYDROPEROXIDE-INDUCED OXIDATIVE STRESS IN U937
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Al 2 A Free Radical Biology & Medicine, 1998, 25(9), 1098 - 1105,
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g 43
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Abstract

The activity and mRNA level of hepatic enzymes in fatty acid oxidation and synthess were compared in rats fed diets
containing either 1 5% saturated fat (palm oil), safflower oil rich in linoleic acid, perilla ol rich in a-inoknic acd or fish ol
rich in eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) for 15 days. The mitochondrial fatty acid oxidation rate
was 3P higher in rats fed perilla and fish oik than in the other groups, Perlla and fish ik compared to palm and safflower
oils approximately doubled and more than tepled, respectively, peroxisomal fatty acid exidation rate. Compared to palm
and safflower oil, both penlla and fish oik cawed a 507 ncrease in camitine palmitoyltransferase | activity, Dietary fats rich
in #-3 fatty acids abo increased the activity of other fatty acid oxidation enzymes except for hydroxyacyl-CoA
delydmpenase. The extent of the ncrease was geater with fish oil than with perilla ol Interestingly, both penlla and fish
oils decreased the activity of -hydroxyacylCoA dehydrogenase measured wsing short- and medium-chain substrates.
Compared to palm and safflower oik, penll and fish oils increased the mRNA level of many mitochondrial and peroxisonal
eneymes, Increases were generally greater with fish ol than with perilla oil Fatty acid synthase, glucose-f-phosplate
delydmpenase, and pyrivate kinase activity and mRNA level were higher in rats fad palm oil than in the other groups.
Among rats fed polyunsaturated fats, activities and mBNA levels of these enzymes were lower in rats fied fish oil than in the
animals fed perilla and safflower oik. The values were comparable between the latter two groups. Safflower and fish oils but
not perilla o, compared to palm oll, also decreased malic enzyme activity and mRNA level. Examination of the fatty acid
composition of hepatic phospholipid indicated that dietary a-inoknic acid & effectively desaturated and elongated to form
EPA and DHA . Dietary perila ol and fish il therefore exert similar physiological activity in modulating he patic fatty acid
oxidation, but these dietary fats considerably differ inaffecting fatty acid synthess, © 2000 Elsevier Science B, All rights
reserved.
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Comparative effects of perilla and fish oils on the activity and gene
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expression of fatty acid oxidation enzymes in rat liver
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Effects of perilla extract on productive performance, serum values and
hepatic expression of lipid-related genes in Shaoxing ducks

WM. LIU™ . ZHANGE’* L.Z LU’ F.X. SHI', D. NIU*, D.L. WANG, B. YU, ZR. TAO’,
J.D. SHEN®, D.Q. WANG® axn Y. TIAN'

'C ollege of Animal Science & Technology, Nanjing Agricultural Umwmt}, Nanjing 210093, China,
'Luﬂzhuang Bureau of Animal Hmband? ) and Veterinary, Linyi, China, thmng Am:#my of
Agricultural Sciences, Hangzhou, China, ~Zhepiang Untversity, Hangzhou, China, and - Mmgﬁo Jiangnan
Pouliry Breeding Limited Company, Ningbo, China

Abstract 1. The aim of this study was to identify the effect of perilla extract, a source of
polyunsaturated fatty acids, on lipid metabolism and expression of lipid-related genes in livers of
Shaoxing ducks.

2. Two hundred and forty 28week-old laying ducks received a commercial diet with perilla extract
added at 0 (control) or 200 mg/kg of feed.

3. Ducks fed on a diet with perilla extract had increased laying rates compared with control ducks.

4. Serum concentrations of triglycerides were reduced by perilla extract, while high-density lipoprotein
cholesterol and total serum cholesterol increased.

5. The expression of genes involved in hepatic lipogenesis, sterol regulatory element-binding protein-1,
acetyl CoA carboxylase, stearoyl CoA desatrase, fatty acid synthase, apolipoprotein B, and apolipo-
protein very low density lipoprotein, were decreased in the perilla group.

6. The mRNA expression of peroxisome proliferators-activated receptor alpha and acyl-coenzyme A
oxidase was enhanced following treatment with perilla extract, and a similar tendency was observed in
the expression of liver fatty acidbinding protein.

7. The results show that a diet with 200 mg/kg perilla extract regulated fat metabolism of Shaoxing
ducks by improving egg laying, altering serum lipid profiles, simulating lipid catabolic gene expression
and inibiting lipogenic gene expression in the liver.
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