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Effect of Ethanol Extracts from Defatted Perilla frutescens on
LPS-induced Inflammation in Mouse BV2 Microglial Cdls

Sung-Gyu Leé and Hyun Kang™

Department of Medical Laboratory Science, College of Health Science, Dankook University,
Cheonan-si, Chungnam 31116, Korea

To evaluate the antioxidant and anti-neuroinflanamyatffects of defattedPerilla frutescens extract (DPE) in
lipopolysaccharide (LPS)-stimulated BV-2 microgtiells. Cell viabilities were estimated by MTT asdePS-stimulated
BV-2 microglia were used to study the expressiahmoduction of inflammatory mediators such asmixide (NO),
inducible NO synthase (iNOS), Cyclooxygenase-2 (€)xand prostaglandin,EPGE,). Pretreatment with DPE prior
to LPS treatment significantly inhibited excesgiveduction of NO (10, 25, 50, 75, and 1@ImL) in a dose-dependent
manner, and was associated with down regulaticexpfession of iINOS and COX-2. DPE also suppressdPS-
induced increase in PGlevel (10, 25, 50, 75, and 1Q@/mL) in BV-2 cells. Therefore, DPE can be considess a
useful therapeutic and preventive approach fotré@ment of several neurodegenerative diseases.
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A3 e, 58] wsle] ¥ Yle= ¢ FshA b 73k (multiple sclerosis, MS)s-2] thrst 2173251
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5] AaPw| QUKL et al, 1999).214] Well E4J4H4 1993; Gonzalez-Scarano and Baltuch, 1999; Drew, @083).
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glandin & (PGB), interleukin-B (IL-1), interleukin-6 (IL-6),
tumor necrosis facter-(TNF) 52 -2 954 w7l 1Ak

4 g2k (reactive oxygen species, ROB)HIE %]

slo] A7 =AS 3t (Galea et al., 1996; Laflamme and

Rivest, 2001). LPS]| oJ3t A d50-3S sAEH= %
|3= NOU PGe] A3Adel 485 W& inducible nitric
oxide synthase (iNOS), cyclooxygenase-2 (COX-2} 3l =
AE71% sh=d olefsk d#le] #HA-S nuclear fator (NF)-
kB¢} activator protein (AP)g] Az AG =4 7|43} WA
3 Aol Q= Ao w A ATrHColton, 2009; Park
and Chun, 2016).

S/ (Perilla frutescens var. japonica Hard} =Z3}2] 3la]
FolE e MEAN T TEE, 48, FHOMA oL ol
A Ao} gkom ikt HeollMe tfet T &
747} AuiE 3L QltHOhara et al., 2003571 23} #|
WAkl &2 Holeic acid), 213 @4 Hlinoleic acid), 2] @At
(linolenic acidp] 909% o]/ o5 glo] AlelAle] A&
st F7F W=l S5 Al o de 7 /e 2
T APAE FH3] FHES T UtHLee et al, 2002)=
7o) 55 HH i FHLE g 2§ H go=

ol 4¥ 3 QAT o] 71#| JFEHAE AR AL
b=

N

: = A28
A SR 954 THE ARER E8HA 3L
(Ohara et al., 20034t o]€]2] 5742] & o =2:= sesa-
mol, sesamin, sesamolig-2] lignan 31353 123k of g
HEzA shgtEo] rEo] om, oj59] dits) 21§

BuE 3 9ltiHwang and Ko, 1980; Wang and Choe, 2012).
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2 ATl AREE S 5 2 =27t Ak
/ng [©) X

s
#g 55 dx &

Sk BA71E o] gate] st A= 100 @l
i3l 10912] 70% o gHE-S Yol 3 B¢t FE3 5, o
#}%](Whatman No. 2, Maidstone, Englagd)A}-8-aFo] o] 3}

shaitt. o #ek FEHS 7HSHE571(N-1000S-WD, Eyela
Co., Tokyo, Japai} AH&3te] &% §, E4AZIZ(FDU-

1100, Eyela Co., Tokyo, Japah{y] E714F =5 (defatted
Perilla frutescens extract, DPEg A %3131t}

o

& =albls o SaleeolS B 5%

2-8-3to] =439 th(Folin and Denis, 1912). DRE -&-°!
1 mLol] =olaL sl 34 &, 314% HAZS 96 well
plateol]l 60 uL¥ sttt 79 11 3413 Folin Al
oks T Hrlekar 3EAE vEgAIZ - 10% sodium car-
bonate (NICOY<S & YiL 1AZF 5t W-&A1# 700 nm
A FHE=E S Gallic acis ©]-83+ E=4]
S A5 A PHY sYsHAl 5743t 2Adsksith

Zekr -ol= 3RS Nieva Morenos-o] WHHS
gato] 543} tHNieva et al., 2000). DPE s=HE 3
A8k A5 100 pl 2t 80% ol ghe- 860 uL-S E33t &3t
ol 10% aluminium nitrate (Sigma Co.) g0} 1 M potassium
acetate (Sigma Co.) 20 7}sto] 2ol 40 W3 F
415 nnell A FFEE ST T SekE o= 3
o] ¥FEHE quercetin (Sigma Ce) 5Ug WHo= =
Asto] S ekih

MIZZZ= HYQF

1

AZAES 2 9T a5 A5l AHE AEFE 7
o S E o] Eof| A YRk microglia cell line BV-2
= AFE3EATE BV-2 Al ¥ RPMI1640 HiA| (Gibco, BRL,
USA)°ll 10% fetal bovine serum (FBS; Gibco), 10¢/mL
penicillin (Gibco) 28] 2 100 pg/mL streptomycin (Gibced-
H7Fsle] 5% CQ, 37C ujF7]elA M3E7} 80~90% A5k
= o Al wigFaiiith

MZYEE 53

LPS 3 DPE’} Al mA]= d3ks &<1sh7] ¢
3 3-[4,5-Dimethyithiazol-2-yI]-2,5-diphenyl-tetrazain brom-
ide (MTT) Aoks o]-8-3t] S45k3ltt 96-well platell 1<
10° celimL A5 180 uL¥ #-F3te] 1243k o] CO,
HjF7]oll A w e U, DPES s =& Ajsto] 244]
FoafFetaich Mg 5w gAS A1ASAL 0.5 mg/mL
MTT7}F $HrEo] 2l viA] 200 pL s H71s v 4413F
Fot ek 3 wjkelS- Ak dimethylsulfoxide (DMSO)
100 uLE 71l A formazoneZ2 A& S3IA1X1 &,
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A gl el PGE ¥ S48 918l R&D sys-

tems (Minneapolis, USAJ*] commercial competitive enzyme

immunoassay k& T3Jste] 2 EsI3lth Azl DPES *
2]5kar 100 ng/mle] LPSE A el3F3ith 1843 § AlZ
HjgFelS Aol PGR Sl AR&sISiT witd wix &
goat anti-mousg. coatinggl 96 well platel Z+2F 100 uL2)
loadingglaz, o317l 1318kl &< 50 uLe} PGE conjugate
50 uL® F7}ske] 4TolA ovemight A1 Zt}. Washing buf-
fer 43] A2 3}l substrate soluticf 200 uL® *]2]3}k
o] 30%7F B3 A171 5 stop solutio 50 uL A2 g 3
450 nnrel] A é*é?ﬂ?i‘ﬂr.

Western blot analysis

AGES A3 Il ARe) FEL AL ice A

A] tris buffered saline (TBS, 20 mM Tris-HCI, pH 8137 mM

NaCl)o. 2 33] 4|23l 3 lysis buffer (TBS, 1% NP-40, 1 mM

sodium orthovanadata, 1@/mL aprotinin, 1Qug/mL leupeptin
511 mM PMSFE 3718te] 4ColA 3021t F+E3k
12,000<goll A 1087F 94 #e] & s =t +
Z5 ool A2ES Bradford protein assay &t A-8-54]
A & LS o] Tids AR8-3lo] sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDSPAG w2
A F Tk #2])%E @S nitrocellulose membrang transfer
31313, o] membran€ A ] H] Sol% Aghs Apde)
7] 913k blocking buffer (5% non-fat milk)] A4 303+ 1t
%, 7 A5 @A gigk A (anti-INOS, anti-
COX2)2 7}ste] 4AZE 59t RESAIZTE ©]oA] 0.1%

AR
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Fig. 1. Total polyphenols and flavonoids content®iDPE. Milli-

grams of total polyphenol content/gsdmples based on gallic ¢
as standard. Milligrams of total flavono@ntent/g of sampl
based on quercetin as standard. Each value ism&aD. (n=3).

Tween 26 M-8k TBST &1 0= 20 3 A3 T,
secondary antibody ¥HS-A|FT) ©]o]A ECL systen® &
HESAIZ] 5 Xray T 2ol el glskqivt

SHXE|

2138 o] Azghe SPSS Window program (ver. 16)°]
g3te] FAslon, BE A Bk £ xEAAt
= Yepleh A3 2412 student'sttests A5}
L, FrolAe P<0.05% kit

2 I

EojHs ¥ E2tEL0|E &2H|n

DPE A8k & EejulE R Evhieols Fae
7}7} gallic acid, quercetift 7]se=2 = st SA T
(Fig. 1). 7L 23}, DPE] & &9l 3+ 48.32 my/g]
e Hehiglon, & SehE ol = gk 17.32 mg/g

o= FHET YeL AAF
NENZES =3

DPEH HAIEAE 71315 98 81517] 53] BV-2

M 3EFo| LPSS} DPES Hx¥= A g sy 1 A3,
LPS 100 ng/mis TH5o =2 Alis uf, H]ehA] &
ol Blalste] & Apol7h Atk 3, LPSS DPES %
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Fig. 2. Effect of DPE on cytotoxicity in BV-2 cellsDPE wa
treated with various concentrations in B\¢ells for 24 h. Valu
are expressed as the measD (n=3) ofdeterminations made
triplicate experiments.

o] Ag3lS woll % 10, 25, 50, 75, 100g/mL ©E 5%
oA cell viability”} 95% o]/ o= A3 gk =/do] }1
= e ERIsIITHFg. 2).

DPE2| NO MMxjsll &t

DPE®] NO A48l av= gRlsl] flste] LPSE A}
=% BV-2 A5 DPES 10~100 pg/mL s == A
b3 NO9| A EEE gRISHIt] LPSE v AE|s)
S ], NO g=o] 232uM§ 2715 AL sk

ole] Wk, DPES A 2]kl ) 10, 25, 50, 75, 1opg
/mLA sZolA ZH7f 175, 16.1, 13.2, 85, 49 &
2 NO7F #HAs e 218 8R1s = ATt 53], 50 pg/
mL =l A5-E NOS| Ad o] 50% o) A= 2
= 2Is3lTH(Fig. 3).

Jl 32 o

Prostaglandin E, (PGE,) AA2f

B Aqto A LPSZ =% BV-2 Al¥EA DPE] PGE
AAS BQ1% A3}, DPE= LPSIHS: A28t ol s
75, 100pg/mL F54 24 2= PGE A 747}
SHI= ATHFig. 4).

iINOS2} COX-2 MMAH|

DPES] NO¢} PGE AAdoll #olshi= iINOSeH COX-29|
BAE IR fI8te] olE aie] AX U IS &
A3t BV-2 celbll DPES 50, 1 Oug/mL 209 =
15A1ZF 2 2]gh ¥, LPSZ 20% A=Ekal HE U o

0AE BAE do] Al E BA S Eojo o
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Fig. 3. Effect of DPE on NO production in BV-2 ce#. DPE was
treated with various concentrations in B\¢ells for 24 h. Valu
are expressed as the measD (n=3) ofdeterminations made
triplicate experiments. *Statistically significadifference from the
LPS control group, as determined by the studetas a$<0.05.
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Fig. 4. Effect of DPE on PGE production in BV-2 cells.DPE was
treated with various concentrations in B\¢ells for 24 h. Value
are expressed as the mea®sD (n=3) ofdeterminations made
triplicate experiments. *Statistically significadlifference from the
LPS control group, as determined by the studetets a$°<0.05.
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Fig. 5. Effect of DPE on iNOS and COX2 protein expressione
levels in LPS-stimulated BV-2 microglial cellsThe expressic
levels of INOS and COX-2 production in the LPS-siated BV2
cells by indicated concentrations (50, 1@0mL) of the DPE we
monitored by western blot analyses with the speeifitibodie
against INOS and COX-2. The internal control usedfaactin.

Hendriks et al., 2005; Glass et al., 2010).
N5 BAL) A AR F sl ZslEA 8

sgEso 3 E 2 el 271 o)’d2] phenolic hydroxyl (-OH)

HE =2 v
N8 R B SARERA ABA] ST ABE ¥
et B, A, B Bl G 4 UL 7R

tKBors and Saran, 1987; Sato et al., 199631 3-4t3s}A| 2
FATAY e e SYvlad SPneclE TS
DPEIA SA% A3, Zejvled EdtEeol=

48.32, 17.32 mgy FFo= XLgFo] = A -Q%o}
ATHFig. 1). & Aold 49 & 2= =2 Kim

PF
o

(2015) 5] B3k §K222.6 mg gallic acid equivalent/

100 g) 2t} oF 210 & oz vehyth et Lee
(1994) 5] HadM= S E§3E 87}XH T F
<ol wet F EgulE el oF 120~2,060 mg gallic acid
equivalent/100 § = UERt= 218 Harskglch o] 2
o] T ZelulE T Aol 7t Amitt o8| S
of FF, Al 21, FA7] 5o Aol = sl FHF A}
o7} ket Ao AZHrh

Microglia cell®] BV-2 H]:‘T:t— o] AZy} EPA tﬂi‘i]r

oA F83 G sk TFAVEA A Ao, ¢
Wl A] 2481 microglia cel® 1% vi7HE-2 Q] prosta-
glandins (PG¥} nitric oxide (NO)5< AA]7] A Ht}
(Hur et al., 2007)E3], LPS2} 22 U547} S5 A9
FAFsHA HH QAT ojug} nlolg] A HPom
1%k 71999 ZEef Adols ] Ayt HAHA ==t
BV-2 *ﬂﬁb— ole} 2 Azl Wojol o] Tk M)
sk 4= tH(Seo et al., 2013). NB nitric oxide synthase
(NOS)Oﬂ o3 L-arginine®-ZH-E] AT = 2x4ls A
EAR ¥ 75 AFEE, AGEA So AFkEo] 9l
THHong et al., 2002)x A-oll4] LPS= =¥ BV-2 Al
3ol A DPES] NO A4S €elgh 23, DPE= LPS
S A2gk ol Hlal 10, 25, 50, 75, 100g/mL & 5%
oA FEeEZ Q1 NO A 47t g1 UTKFg. 3).
o]e} & 7:‘342 DPEZ} LPS &f3f 2 A1/d€ NO 4373
Fe g o R Faalglel wet T Al vhele 2
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,ERAA, Hg g g a) ] WS E8l AAel A
o B4 sk "k 2 ATtelA LPSE
V-2 AEo| A DPE/L PGE A #el| 1 X= ave ot
1% A3}, DPE= LPSiHE A 2]dh sl H]8) 75, 100ug/
L s%olA PGE A EFo] S0l QA AT E AL
SHIEATHFig. 4). o]t 22 A= 4 NO B 2
A A3e} npz7HA 2 DPEF PGR A% 9A 7914
o2 ZFaAFlel wt FFAAAY] 95 TS JabA
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