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Antioxidant and Neuroprotective Effects of Perilla frutescens var. japonica Leaves

Jong Im Lee, Changbae Jin*, Jae-Ha Ryu** and Jungsook Cho”
College of Medicine, Dongguk University, Gyeongju, Gyeongbuk 780-714, Korea
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Abstract — The leaves of Perilla frutescens Britt. var. japonica Hara (Labiatae) are often used in gourmet food in several
Asian countries. Two kinds of perilla cultivars, Namcheon (NC) and Bora (BR), have been respectively developed in Korea
by the pure line of ‘deulkkae’ from the local variety and by the cross of ‘deulkkae’ and ‘chajogi’. The present study evaluated
and compared antioxidant and neuroprotective effects of the fractions prepared from the leaves of the two cultivars using
cell-free bioassay systems and primary cultured rat cortical cells. We found that the spirit, chloroform, hexane and butanol
fractions from NC and BR leaves inhibited lipid peroxidation initiated in rat brain homogenates by Fe2* and L-ascorbic acid.
In contrast, only the spirit and butanol fractions from both cultivars exhibited 1,1-diphenyl-2-picrylhydrazyl radical scav-
enging activity. Among the fractions tested, the butanol fractions from NC and BR leaves exhibited the most potent anti-
oxidant properties, and the butanol fraction from BR was more potent than the NC fraction. In consistence with these find-
ings, the butanol fractions from both cultivars protected primary cultured cortical cells from the oxidative damage induced
by H,0, or xanthine and xanthine oxidase, with the BR butanol fraction being more active. The butanol fractions from NC
and BR did not produce cytotoxicity in our cultures treated for 24 h at the concentrations of up to 100 ug/ml. Taken together,
these results indicate that the leaves of the two cultivars of Perilla frutescens exert antioxidant and neuroprotective effects,
and that the butanol fraction from BR leaves exhibits the most potent antioxidative neuroprotection among the fractions
tested in this study.

Keywords [ Perilla frutescens, neuroprotection, antioxidant, oxidative damage, cortical cells

S7| Perilla frutescens Britt. var. japonica Harap= 53} 3o}
Aot PAEAIR1 EEIH(Labiatae)el 45k ddg Z2olch!?
E7Me] TS 7Fo® Theste] Ag o ARG e
A 7, S 5o BHom AMgsla 9k B9 U2 55
& 9} 9e AT 9o} Agow T2 ALEE T glem,
anthocyanin Al A2 2 flavonoid AlE 2] AJEo] Ho] dhi=
o] gl Ao A Ut A Leixl S Aol A
gYorE B FEE il veks FEE EE 2988V
gotelx] 2hg- 57 gEehfo] 2439 wl Gatslalg b0l o)

=

57 el g AR R Y,

Fatelq 9

30
°

L

R =R B3 Fo)= ARjeAR
(A3P) 054-770-2419 (X)) 054-770-2447
(E-mail) jscho@dongguk.ac.kr

117

ksl 2h8o] X1 rosmarinic acid”®7) ¢9loH], 71 Sl E
luteolin, triterpene acids 5] &71¢] A& e 7]Ask= A
o E_jlﬂ‘}i:lli},ig’m

T 7H E52 E27F g s ddataels SAE L
t}. F Namcheon, NC) 7= AeiE E71=25E AR E
3 549 FFol, Bel(Bora, BR) £71 7091 WE &
Al = X7 (Perilla frutescens Britton var. acuta KUDO)?}
Auk =7hE wHfste] AR FEolth B AeliE T EE
o] Qlo g RE FAdo] wpe} AlxE fultEs o s A
Absl QA 9 ez A =

Of

==
=7gste] 270 Qo] dadst 2
= F7hska, 7 5 24E vasisit) Alska] AEgA
oF AfetdE He|dy) 2 5 B ukg K H3g 4l
ARl Yeh iz AAAES] Edel] SlolA wikg- Fagh o
gL Shs oR duiA QI olo] 2 dtelds B 9

o2

o
o=



118 olES - 21 - FiAlek - 244

o] £8o] Z1F AN A WAAES] sk el W oR ReE) ¢l 50gowE Y FEE189S ¥,
et FF= mA=TRE dolkily] -?4:5}0% Ax} Hjkst s Y FEE 15 g9 %K n-hexane 7HE-#(3.37 @), chloroform
A ARA AN A8 AEAR AR5 Sl oiR A8-S 7H-E21(0.36 2), BuOH 71822 (2.68 gy 27 A3it.
SAsha, F F5 vwslg Bow, HH bk A xS 7t

THORE FARE FF AR vk AlEsde] fEEEAE
Q. 7 A5, BE A st
280l A oH, FHENET BeRe7) ole] el o
733k e AIAAE B3 RRgo] AFE Q) B Qo) AF
49 23 Tolx Beke7l 98] BuOH 232 2]l &3 A
F54o] IRlor, 71 elRt e wilels Aow Vepde)

|

ot

W2 o

HE=

A% Sprague-Dawley(SD) 315 ¢} =71 SD dH = thshd
AEEZHE 93892 ™, minimum essential mediaMMEM,
with Earle's salt), fetal bovine serum(FBS) 2 horse serum
(HS)2 Gibco BRL(Gaithersburg, USA)Z +-E, laminin, poly-
L-lysine, glucose, L-glutamine, cytosine arabinoside, H,O,,
xanthine, xanthine oxidase, 2-thiobarbituric acid(TBA), 1,1-
diphenyl-2-picrylhydrazyl(DPPH) % 3-(4,5-dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide(MTT)+= Sigma(St. Louis,
USAERE] 7elsioitt, AEuiek €71 Falcon(Franklin Lakes,
USAIA 8J81lar, BE Aloke: SH5E ARSIt

B A& o) AL8-3¢ EX(Perilla frutescens var. japonica Hara)
S AT Wk s daTaols AFH T HHE 0k

o HRE7 ek BeleTle ddEdd
7| FFoR FHEe AU =
H EFolr, Beksrle Ax1eh o

WS walste] SAE 3 i‘gi LA ol H]a < Fw
o anthocyanin 2 ¥r&lo] wj$- woju} napdo) 13};1] e}
L= Zlo] SAolth Az &

Ne AE= —‘é—?fﬁﬂ s
Alell Qlom x27], gAY, SHFEARY], T bJ]
%?%X}%J] 5 55?2& %LTHU% HeE7]9 unjREos
TEAET S

ARg31e] 33 WhHEato]

—S—Zﬁ& HHEA %1 50g9‘ 4 21=

B AN FEHT, FEES UG I FEIe] 7
4 FERO5HE B 240 4§ A4S 1 91

]'_L_ n-hexane®. & F%3}9] n-
hexane 7F##2(3.17 g2 A, & ] chloroform® =
ZZ310] chloroform 7F8-5-2(0.21 g)— ?:*%‘4 A&zl &

S BuOHZ $%319] BuOH 71853 (2.45 g)2 Ac}. U3

% Ch=|TE AHMES] Yt heS

2)al 16~182 ¥ SD 33| ElRlelr A& v A Al7A|

3] w2 Cho et al'®17e) Whel] whet AlEISIch. 5, T
E A&3lo] 37 REULS Balslo] Huks AlASk 2 A=
T 5% FBS, 5% HS, 2mM L-glutamine % 25 mM glucoseZ

-3-3F MEM(with Earle's salts)ellA] @32 X F n)g] o
ol A& Ao R AA gt )9 HE s ARgs)]
9 AEZ F2gk o, A HH‘*O" o AEAIA poly-L-lysine
7} laminin® Z v]d] FHE T2 24-well vieEg7 o welld 4-
5x10°0] WER o]A3lgith. AEE 95% 571/5% COZ 4]
SFA] 37°C wiF71ollx] wiekatglom =i 23] ujgkoe] i
W3EISITE vlioF 155 F 10 uM cytosine arabinoside® 24~
8AIZE FE AElato] AAE o]2]e] Al S AR L
¥ 10~1407F ¥eF - el ARG

2z % rulm

QRS MBMEOA MElA MBMZEY FL H o M2

wj ket o el A A A AkshA & F22 Jung et

al.™® 4l Dok-Go et al.'?2) Wel wleh Alaysiict. 5, wjokst

A 3£ E HEPES-controlled salt solution(HCSS, 120 mM NaCl,
5mM KCl, 1.6mM MgCl, 23mM CaCl,, 15mM glucose,
20 mM HEPES, 10 mM NaOH)°.2 A& %, 100 uM H,0,
2 55 E<k 2|23t 0.5 mM xanthine®} 10 mU/m/ xanthine
oxidase®. 104 32+ *2]dk & thA] HCSSZE AJ23al LhA] 25
mM glucoseE -8+ MEM Hjekol o & w3st o3, 95% &
71/5% 002%— FAIBPAA 37°CelA] 20-24717F E<T vjeksio] Al
A EE S skt
o]} @0 ke *Jﬁﬁ ol ek *v‘i—é&l 3
5171 %’%HH% Hjekgh 217 f
3 5l 28 @%ﬂoﬂu} A EE-EL 80~100 mg/m/2) 5
5% dimethyl sulfoxide(DMSO) €817 the A4 557
3A3lo] ARS3IRITE. tlEt Al 1% DMSO £910= #g]
gl o, o= MRS AETEC] JTFE vAA] = Aow &
QU A}

o
o
rO
Il

M=Zo| =4 HE &

AEL] AF A= MTT -2 oJel Hrigi o, 94t

A dvldow AEe) Pujst wake wasiel Helsigick. 4
A= fnko 2 At gl Mlarexe] MTT gl5s
710 % slo] fulE Aksl &gl gk wiEsw ARksle] Al

FAYEEE FAEIIC

=3

J. Pharm. Soc. Korea



7 o FEE2 I

B 9

AZME BTG 119

XA Tkt oiHEie] &
471 SD B RN A& ¥ FAN)A fmgk A BHsh
ofl gk 7} ¥-319] 8- Cho and Lee®™e] whlo] Z3j0] 2%

a9k 2, D] ] @A 10 uM Fe**, 100 uM ascorbic
acid 3 AP 550] AFEES ek vhAE 37°ColA] 14

7k =<k §h&-A)17) v trichloroacetic acide} TBAZ x}H|E 7}
afo] E3ataL 100°coﬂxi 155 E2k 7198 5, erlielale] o
S A5 F3 = VERSA,,, microplate reader(Molecular
Devices, Sunnyvale, USA)E- ©]-8-3}9] 532 nmoi|A] 43513t}
AlFEge] ogk A Fls) AARES v A o] 83to] At
a5ict, o] w, thate Al o4l DMSOE )ttt

A& (%)=100X (N3
MFETY] 4=

o SR AT FYE)

DPPH Z2iC|Z Ase| &4

DPPH etjzte] gt 7 23] 2-8-2 Cho and Lee?™?]
Hell wheh Alasislct. =, ekl 834171 150 pMe] DPPH
oF Adse ’\WH@ < o 0}* HES-Ng 37°CelA 30% &
ok ¥k3-4171 TRS- VERSA,,, microplate readers ©]-8-3109 520
nmelA FFEE S St 288 919 AE o0&
sto] At

HiolE] ALt W SA| %z

7} A 18] 20 33 Balo] 4% growy
B AAket P gk=SEM.CE Yepfglon, 50% SJAlsEE
YehiE IC,, 72 Prism(GraphPad Software Inc., USA)S- ©]

T

opd 1t

A 100 —@— NC-Spirit
90 4 —O— NC-Chloroform
—A— NC-Hexane
80 4 —4— NC-BuOH

70

60 -

50

40 -

30 A

20

Inhibition of Lipid Peroxidation (% Control)

-10 T T T T T T
3 10 30 100 200 300

Concentration (ug/ml)

43tod vy s|AEAH R Akt
Student's #-test® 7AJ35F] P<0.05%] %

ek
A En
S o Bslo| X|& DA oM

A4, B 9 Hepepe] olewyy 2 Alxdt BEE o)
Aroz 3)Zo] o] FANS XA o7 A3l Fe?*9} ascorbic
acid® =gk A ditstel st 285 SAsint. 1 A,

Y HElEENE G2 7 FEE B Sk &L R A
A WPk oAlske A= WERGTHFig. 1). Table o] A4
B IC,, #to2HE & 5 Q& vlel o] vl £33 FeAe
BuOH £3o] 714 7 E_,ﬂa‘} , hexane, chloroform, =732 <=
o2 YEeltE BuOH 88 A]st 'ﬂﬁ‘-"ﬂ/ﬂ‘f T EE BT
frAkeE Are] A ksl Al skl o), BuOH w3
o] A% ReEfe 7l ERHE/E0 § AEE A ksl oA
215 LR SIEH(Table T).

ﬂll

ri«‘.‘.

<
=

glo| DPPH 2iC[g AMs
F%HJHA Qlo g HE A2 F3°] DPPH #H|Z &
t A3}, hexane ¥ chloroform &4+ DPPH
o] A2l T k2 vbd, 47 BuOH &
DPPH B}tz 42759] UrEb«Aﬁ‘il 1 FoA
7Fg ZFE19itk(Fig. 2 W Table I). F 58 W
42 739 BeEle7F FEEn o A &
v EA4A #2442 1%L, BuOH 39 7

off o mn
¥

e £ HS
T

KN
iu)
N
L
4

r°*‘ :IF r°1'

il
o,

=
>

= dAE

_l

ool o
M o

-iN_

o
.=
Q

-

£l
2
i
z &

37
(o

o

N
0|
il

w

100 + -
—&— BR-Spirit

90 A —O— BR-Chloroform
—A— BR-Hexane
80 —4— BR-BuOH

70 4

60

50

40

30

20 +

Inhibition of Lipid Peroxidation (% Control)

T T T T T T

3 10 30 100 200 300

Concentration (ug/ml)

Fig. 1 - Inhibition of lipid peroxidation by the spirit, chloroform, hexane and butanol fractions prepared from the leaves of Namcheon (NC) and

Bora (BR). Lipid peroxidation was initiated by Fe?*

and ascorbic acid in the rat brain homogenates in the presence of the indicated

concentrations of the fractions tested in this study. Data are expressed as percent inhibition of lipid peroxidation measured in the
absence of the test samples. Each point represents the mean+S.E.M. from three measurements performed in duplicate.
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Table 1 -IC;, values® of the spirit, chloroform, hexane and butanol fractions prepared from the leaves of Namcheon and Bora

Experimental conditions

Fractions Cultivars Inhibition of lipid DPPH radical Inhibition of H,0,-induced
peroxidation scavenging activity neuronal damage

Soirit Namcheon 122.3+15.8 126.2+17.2 297.8+34.8"
P Bora 120.4+10.5 98.6+7.3 180.9+33.4°
Chloroform Namcheon 92.2+1.3 N.D:S 177.1+£72.9

Bora 92.8+2.1 N.DS 309.1+122.1
Hexane Namcheon 65.3+10.5 N.D:S 303.1£51.5"

Bora 58.9+1.9 N.DS 148.9+24.3"
Butanol Namcheon 325+0.5" 22.9+3.4" 108.5+6.2°

Bora 251+1.1° 13.6+15° 67.7+8.1°

*The concentration (ug/ml) exhibiting 50% inhibition. ICy, value was determined from the data of each experiment using GraphPad
Prism as described in the Materials and methods, and expressed as the mean=S.E.M. of three separate determinants.
P <0.05, compared between the corresponding fractions of Namcheon and Bora.

“Not determined.
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Fig. 2 — DPPH radical scavenging activity of the spirit, chloroform, hexane and butanol fractions prepared from the leaves of Namcheon (NC)
and Bora (BR). DPPH radical scavenging activities were determined in the presence of the indicated concentrations of the fractions
tested in this study, as described in the Materials and methods. Data are expressed as percent control activity, measured in the absence
of the test samples. Each point represents the mean+S.E.M. from three measurements performed in duplicate.
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Fig. 3 - Effects of the spirit, chloroform, hexane and butanol fractions prepared from the leaves of Namcheon (NC) and Bora (BR) on the
oxidative damage induced by H,O, in primary cultured rat cortical cells. The cultured cells were exposed to H,0, (100 uM) for 5 min
in the absence or presence of the indicated concentrations of the fractions tested in this study, and cell viability was assessed using
the MTT reduction assay after incubation for 20~24 h at 37°C as described in the Materials and methods. Each point represents the
mean+S.E.M. from three different experiments performed in duplicate. *, P<0.05 vs the viability of the cells exposed to the
respective oxidative insults in the absence of the test samples.
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Fig. 4 — Effects of the spirit, chloroform, hexane and butanol
fractions prepared from the leaves of Namcheon (NC) and
Bora (BR) on the oxidative damage induced by xanthine
and xanthine oxidase in primary cultured rat cortical cells.
The cultured cells were exposed to xanthine (0.5 mM)/
xanthine oxidase (10 mU/m/) for 10 min in the absence or
presence of the fractions at the concentration of 300 pg/ml,
and cell viability was assessed using the MTT reduction
assay after incubation for 20~24 h at 37°C as described in
the Materials and methods. Each point represents the
mean+S.E.M. from at least three different experiments
performed in duplicate. *, P<0.05 vs the viability of the
cells exposed to the respective oxidative insults in the
absence of the test samples.
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Fig. 5 - Effects of the spirit, chloroform, hexane and butanol fractions prepared from the leaves of Namcheon (NC) and Bora (BR) on the
viability of primary cultured rat cortical cells. The cultured cells were exposed to the indicated concentrations of the fractions tested
in this study for 24 h at 37°C, and cell viability was assessed using the MTT reduction assay as described in the Materials and
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