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Isolated from Myrrh on LPS-induced Neuroinflammation in BV2 cells

Dong-Cheol Kim"*, Chi-Su Yoon"*, Wonmin K01’2, Dong-Sung Lee3, Dae-Sung Kim4, Hyoung-Kwon Ch04,

Jungwon Seo"?, Sung Yeon Kim'’, Hyuncheol Oh'?, and Youn-Chul Kim"**

! College of Pharmacy, Wonkwang University, Iksan 570-749, Korea

*Institute of Pharmaceutical Research and Development, College of Pharmacy, Wonkwang University, Iksan 570-749, Korea

’Inha Research Institute for Medical Sciences, Inha University School of Medicine, Incheon 400-712, Korea
"Hanpoong Pharm & Foods Co., Ltd., Jeonju, 561-841, Korea

Abstract — Myrrh is a resinous substance obtained from Commiphora trees, which has long been used as an antiseptic agent.
A sesquiterpene, 14, 6a~dihydroxyeudesm-4(15)-ene (DE), was isolated from the hot water extract of Myrrh. In the present
study, we found that DE attenuates the lipopolysaccharide (LPS)-induced inflammation in BV2 microglial cells. DE sig-
nificantly inhibited LPS-induced production of pro-inflammatory mediators such as nitric oxide (NO) and prostaglandin E,
(PGE,) in BV2 microglia in a concentration-dependent manner without cytotoxic effect. Furthermore, DE dose-dependently
suppressed the protein expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2). These results sug-
gest that DE may be a good candidate to regulate LPS-induced inflammatory response.
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EF(Myrrh)S 22 LEET)  Commiphora myrrha & 233} ALl mEA APE tEe] Hay wd
Engler 2= A1) Commiphora molmol Engler(3 3lo] fH o] FASHA F718ta o ool upE A3
U2 Burseraceae)ol| A L2 ALFFARA], G2 S~ A, ZAAA EAEe] YA 2 olyet EaA wHgh
o] fF-g ZA ] =] e gojo|m, WEkde] WAt o] o} = X 57]eo] o] AlEsHAl 87 T
Q3 gk 2o ozt Wy Witk ) Beke yir) o] ES] v Bo2 A Fog WA gl o7 AgsiA|vt, 2d Y
A Zpol] AR AREE ol AF7HA] LA Eet FES} A e AEHe2 okt AWe st tidAlE=
ook 0 2 AL ). Zoe] FRNROCZE o, S, olglgt HEHkgolA Fasgt IS sthar g Ut
y-commiphoric acid 5] X252} elemol, furanodieneZ- H] Hof| ZA5H= taM 22 uAolwAMZTE Fa)aele]
3 RS ok AoE muEnyY Bok) 228 sl 739 AstEe] AW oS A At A
EE AR gigk ok RS 3ot ka0 dt W 1 S fXlehe $838 98-S st 22 lipopolysaccharide
T 5 A=z g3 So] UEA Yo}, HA|ElA (LPS), interferon-gamma(IFN-7), tumor necrosis factor-
o] 35 Il theljrl= obE 7R Bard vt gl alpha(TNF-)¢} 72-& 2450 2% vl A|ofais] 27} 2= 81

2d 3= nitric oxide(NO), prostaglandin E2(PGE,)¢} 72+

# . .
These authors contributed equally to this work. o AG=u) A (proinﬂammatory mediators), Aol EF}ol
*W A ZHE-mail) . yckim@wku.ac.kr, hoh@wku.ac. kr

(Tel): +82-63-850-6823, +82—63-850-6823 (cytokine), %L‘é’t}i%(reactive oxygen species, ROS) '%:‘O]

12



Vol. 46, No. 1, 2015

HlE o] HZ2E st A ARl dzsto,
A 9 AREST o] BASHE Ao dEA 2
o} 015 HAZu Al F NO9t PGE, & @51zt
2l LPS, IFN-y, TNF-o 5°1 ]3] 2& =)= inducible nitric
oxide synthase(iNOS)<} cyclooxygenase-2(COX-2)ol 2]3]
A= 7] wite] olE vl o] HFe] - F8
3l 7]A o7 oAy 7 on;]_M)E A= EaA M
22kl ‘ﬂ]m e A = Ad=S wdsh] <
sle] =3k lom, E =74 E= LPSZE F23 BV2
AEZo] AEHES Alsks a3 Yehlle Eofe =
E] £2]3}F 18 6a-dihydroxyeudesm-4(15)-eneol] thal A+
£ st

EokS 20149 3¢ A& A
_ﬁ_)g]n_é_z_“o]: Z&]ﬂ 11'1—
A} 54 o}oiw:‘r Q&E%(HP 20 14-12% @eHEAF %

EAe] Baslo] Qlot. sk BoF 500 ¢S 20009 SHF
°ﬂ Wi 287 B BRFESGITh FEAS oJslar o

7 & 60°ColstollA m&gwo}oq B 325 360 g2 4%
thF5E 72.0%).

Alef 2 7|7] —DMEM ®j| #], trypsin-ethylenediamine-
tetraacetic acid(EDTA), fetal bovine serum(FBS)= Invitrogen
(Carlsbad, CA, USAPIA F+43F3tt. 3'-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide(MTT)= SigmaX}ol4]

3ttt 96-well tissue culture platese} 7]1E} tissue
culture dishes= NuncAl A|EFS o] &34t TFLE
BioRadA}2] Microplate Readerg ©|&-3ted &3 shSith.
NMR £=#HE& & JEOL JNM ECP-400 spectrometer(400
MHz for 'H and 100 MHz for "Cy’]7]2 CDCL;&ZS ©]
&3t Akt
=% 5227 DEQ| 22| & = 8% - =
FZ2E 6022 MeOHZ dFEAZ] & MeOHol| =+
< EtOAc, BUOHS ©|83le] a8 og Bis =
3]

) _111 2
ﬂ Mr e o

—;«:% 4531, MeOH E-85-(2.65 g), EtOAc £
(233 g), BuOH %3 E(187¢g) 2 H,0 £33 E(224 )%
CME} EtOAc ¥+ 3.5 g Sephadex-LH20 column
chromatographyZ- ©|-8-5}¢] n-hexane:acetone(3:1)2] 8w
02 §&3al TLC o] Hlszg A5 date] 3719
2RI E(Fr 13)S AT} Fr. 2(1.9 gy MeOH:H,0(1:1)
o] 8 E o]&3te] HHRP-C,q) column chromatography S
2AEle] o] ARFE(Fr. 21-29)S AT} Fr. 25(520 mg)
+= n-hexane:acetone(4:1)2] £ E AE-319] silica gel
column chromatographys AAIE1] 1460-dihydroxyeudesm-
4(15)-ene (22 mg)yS ATh
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186 a-Dihydroxyeudesm-4(15)-ene: 'H NMR (400
MHz, CDCl;) &: 5.00 (1H, br s, 15-Ha) , 4.72 (1H, br s,
15-Hb), 3.70 (1H t, /9.9, 9.8 Hz, 6-H), 3.40 ( 1H, dd,
J=11.7, 4.7 Hz, 1-H), 2.31 (IH, ddd, /132, 4.8, 2.2 Hz,
3-Ha), 222 (1H, ddd, J=13.9, 7.0, 2.6 Hz, 11-H), 2.05
(IH, td, /269, 7.6, 5.5, 5.1 Hz, 3-Hb), 1.91(1H, m, 8-
Ha), 1.73 (1H, d, /~9.9 Hz, 5-H), 1.53-1.54 (2H, m, 2, 8-
H), 128 (IH, m, 7-H), 1.16-123 (2H, m, 9-H,), 0.95
(3H, d, J~7.0 Hz, 13-CH,), 0.85 (3H, d, J/~7.0 Hz, 12-
CH,), 0.68 (3H, s, 14-CH,); °C NMR (100 MHz, CDCL)
8: 1463 (4-C), 107.9 (15-CH,), 79.0 (1-CH), 67.0 (6-CH),
55.9 (5-CH), 49.3 (7-CH), 41.8 (10-C), 36.3 (9-CH,), 35.2
(3-CH,), 31.9 (2-CH,), 26 (11-CH), 212 (13-CH,), 182
(8-CH,), 16.2 (12-CH,), 11.7 (14-CH,).

MZHHQE — BV2 v Ao} Al Z(5x10° cells/well)S 10%
heat-inactivated FBS, penicillin G(100 IU/ml), streptomycin
(100 pg/ml), L-glutamine(2 mM)2- &3+ DMEMHE]X]of| &
F3H3L 5% CO, MY IRl 37°Ce] L vjeFsteict.

MESA — 2 4304 BV2 wlHlokad ol o AZ
=4 2 AY A Agses A5k, DEY Alxsds
Asl7] 28t MTT assaye ARS-sHAt. 73] 7)<}
W7 96 well plateol] AIZEZ 1x10* cells/well2 FL 5]
Folarl wjgstolet. 24x17F Bk wi gt & 7159 wiAE
AASIL 28 wjAE olE v DMSO0 =2l A&
= Tkl (20, 40, 80, 160 uM)= DMEMEA| o] 3]4]
sto] 7Fskith. DMSO2| A2lEs=s uiA] tiE] 0.1% ©]
a7t e St ol T 24417 WjE T WX

]74 SlaL MTT A1 mg/mlyS 237, 44]7F B9k ¥
EP T A5AE AASAT. ZF welldl DMSO 150 pis 3
7Fste] AY2dE formazans orbital shakerE ©]-8-3fo] =o]
3, 308 F 595 nmellM FBES SFsiiinh AE2 33
W AAJste] Hegks Felslen, kel SRS
7102 A EAEES HsiSith

Western Blot Analysis —-BV2 A~ E 60 mm dish®]l
3310 cells/well DEZ 2447 B3 5 A 8BS FrEE
2]}t BV2 Mol RIPA bufferE 3713k T2, 4°C,
14,000xgollA] 255 F<¢t MR el A5AS FH| £
Ak, FA TS BSA TlE AFT|ES o]8-3181, 21‘
zte]l A2 & 7.5% SDS-polyacrylamide geloll A 4§53}
nitrocellulose membrane(NC membrane)2-2 AAJ5ISTE A
AbEl NC membrane2 5% FAW-f7F 38 A4S
blocking buffer(0.1% Tween 20 in Tris-buffered saline)®l|
2] blockingd+ & iNOS, COX-2 antibodyE 1:10002-Z 3]
Aslo] YAl IAIZIB0E 53F WESAIZATE. THA] 23} antiboby
(Anti-mouse 1gG)E 1:10002Z A ste] Wil A7 Bt
WA ohS, ECL& S 111 B &2 & 4JojA NC

e -
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membrane®]ol] 7}ato] A1 s QRAollA XA FEol
g3t & ddsldtl 7 WO Z actin antibodyE ©|
&35t acting 45Tt

Nitrite Assay — ¥I%E A EZ 5x10° cells/well T2
96 well platel] 100 ¥ &3 th3 24417 &< vl gat
ATh 24417 FF WS 3 thS mediumS A| A S
DMEMO.Z X4 d 7} 3= A|5E Y& T3 o]ojA
LPS(1 pg/ml= 2|3kt 244178 Bk vjke mixl ok
Az A vl oz HulE NO2Q| 42 GriessA] 2H0.1%
(W/v) N-(1-naphathyl)-ethylenediamine and 1%(w/v) sulfa-
nilamide in 5%(v/v) phosphoric acid]& AM&-3to] ¥H-S-A1Z
o} ¥kS-o] &5 ¥ ¥ ELISA micro plate reader(Bio Rad
Laboratories Inc., CA, USA)E AFE-3Fe] 540 nmol| A =4
Ep5A=3

EIA0 28t PGE, &8 - PGE,2] =742 3} (lyophilized
prostaglandin E, conjugate to horseradish peroxidase)E Ak
&35to] prostaglandin E, enzyme immunoassay system
(EIA, Amersham Pharmacia Biotech, Inc., Piscataway, NJ,
USAYS ol &35t

SHXME -2 2Ae FAAEE GraphPad Prism,
version 3.03(GraphPad Software Inc., San Diego, CA,
USAYS AHEelAIT). 7 Adee] Adke BaA9) HE
ez veplislon, 7t Aw7ke] A= ANOVA test
£ ARgSte] EAstaL fo A<l 2pol7t Sl el sl
A ek A skt A7) Zfole 95% (p<0.05)0]l
A A e AeE st

AT
Zt W oa
AFUL T WIH

OH

15 12

Viability (% of control)

DE(uM) - 5
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A 2, 249 9 9% 5o faluksel slste] A 24
55191 NO, PGE,S 7+ A4SV IS 2013t o] 5]

W 5o Azhet AAAE dodE AoE BaEY] 9]
th'9 wEk INOSe} COX-2% Z
Hodehs Aow AR Y
Al AESHiA e S FAaAT
73 HAZ X 8A Ao
olAw] 3 Ut}

B ApM e AATE 53 2o &
A8 BV2 Al oA NOA S JAIsH:E 237t IS
RIS, o] A3E nigo R &

=3

==

oo
TEE=

o] d¥9] 35 g8 Sephadex LH-20, RP-18 2 silica gel
column chromatographyS A3t shte] sletaS -8
3192, o] E22] 'H NMR#} °C NMR 2FE dataZ
£33} 8] w38le] eudesmane type sesquiterpeneZ]l E2 21
1 36a-dihydroxyeudesm-4(15)-ene (DE)S-Z &4 3F53th
(Fig. 1A).

ECFO 2 RE F2g DE7} nlAMlolaA| oA S &
= vehlieA] @klebr] fleke] LPSE =€ BV2 HA
oA Eo|A o] HFHAJNAES SHATE WA MTT
assay= ©]-&3le] DES] BV2 vlAolwA EoA o] 54
BRl1gk A3, 5-160 uMe] E% WA A EZEA S e}
WA eEATHFig. 1B). ©] 23E vlRO 2 160 uMS 3L
TERE st 43S JPsisith F, LPSE BV2 AlE
oM e ASHFEEAR AMEale] AHSHZRAIQ] NOSt
PGE,®] 335 5783171 f15t nitrite assay$t EIAX Y

125_
100 |
75|

50 |

25

0.l

10 20 40 80 160

Fig. 1. Chemical structure of DE (A) and effects of DE on cell viability (B). BV2 microglia were incubated for 24 hr with various
concentrations of DE (5-160 uM). Cell viability was determined as described under Materials and methods. Data represent the mean

values of three experiments+SD.
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< AAsH T BV2 vl Aol A o] DEE 20, 40, 80,

160 uMe] w52 7}2F Xj2gk &, 3A7F &<t CO, incubator
oA wjFstal LPS(1 pg/ml)= zm—a} 1< o, DEE ¥%

o]EA 02 NO$ PGE,2] A4S TAAIFTHFig. 2).
iNOSE L-arginine® ZFE] NOZ E AlFle @402 &

H7 lom, AesA AHE NO= d5H-9ledx EHD‘ %
2ol 954 Y E fdsle Zle= °‘E%?<4 ATE? w3
COXell oJaf == prostaglandinf A HE9H-9] UH

A

- - N N
o [3,] o (3]

Nitrite (uM)

(4]

0.
LPS - + + + + +

DE@uM) - - 20 40 80 160
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NAEE FYsk= T8 5doH, COX2& 94538 &
oF AAZT7NAIC] PGE,Z thgo 2 M7= Aoz B
w50} gtk AAFE-S DES] NO$} PGE, A4 JAI&
7} ol& whE o] - o3k ZRIAE gRletara} &3

t}. BV2 Aokl E9] DEZ 20, 40, 80, 160 uM2] &%=

2 37 Bk XS v, LPS(1 pg/ml)ys A 2]8lal 24
AlZE Fofl iINOS<F COX-29] = 28-S western blot
analysisE ‘ot #Zsl3lth. DE= NO$ PGE, 44 <

2500
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DE@uM) - - 20 40 80 160

Fig. 2. Effects of DE on nitrite (A), PGE, (B) production in BV2 microglia stimulated with LPS. Cells were pre-treated for 3 hr
with indicated concentrations of DE, and stimulated 24 hr with LPS (1 pg/ml). The concentration of nitrite, PGE, were determined
as described under Materials and methods. Data represent the mean values of three experiments£SD. *p<0.05 compared to the

group treated with LPS.
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Fig. 3. Effects of DE on protein iNOS (A) and COX-2 (B) expression in BV2 microglia stimulated with LPS. Cells were pre-
treated for 3 hr with indicated concentrations of DE, and 24 hr with LPS (1 ig/ml). Western blot analyses were performed as
described in Materials and methods, and representative blots of three independent experiments are shown. *p<0.05 compared to the

group treated with LPS.
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A} fAker oz FrEelE2l INOSE CoX-2¢]
W s YepithFig 3). o] Azteie 2ot
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