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[Abstract]

In this paper, it was confirmed that scopoletin inhibits neuroinflammation induced by amyloid beta oligomer
(ABj4) in microglial BV-2. The mechanisms of inflammatory cytokines and inflammatory mediators by
scopoletin were identified. Alzheimer's disease is the most common neurodegenerative disease, but it is a
disease whose specific etiology is unknown, and many studies are trying to solve it. We first measured the
cell viability with the CCK-8 assay method to confirm that scopoletin and Af3,.4, are toxic to BV-2 cells.
Expression levels of interleukin 1 beta (IL-1[3), cyclooxygenase-2 (COX-2), inducible nitric oxide synthase
(iNOS), and nuclear factor-kB (NF-kB) in inflammatory reactions induced by A4, with western blot were
analyzed. The ANOVA assay was used to compare protein expression differences between BV-2 cells treated
with A3;4, alone and BV-2 cells pretreated with Af3;4, and scopoletin. Therefore, this study suggested that

scopoletin is worth developing as a neuroinflammatory protection agent for Alzheimer's disease in the future.
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I. Introduction

ot = 5to|HY(Alzheimer's disease, AD)2 A7 E|SHA]
S5 Wsh= Ago|ot. ADO] 7=t e
] 712 eS| RIRE Qg SR, A%
d A QX V)5 HoliE EeR o
28 32| &SP ofd 20| HEl (AR)2] ]
tH2-4]. 39-427119] ojujieqto g S7dH AR $IE| &= ofy
2olt A+A|| T (APP)9] 2ol 2 et &2 A+
oAl ADTRA )7} AB oligomer FE(] FEER QI
o2 SRIE|ITHD]. x| AR ARY| AT F58H3
o] qlo, ofggo|eEeta W EXshs HAA
QI OlAjotu M|z Z/dstof] oJsl ti7iETH6,7]. ulAlot
M= ABE APsH] sl HAYES: & shRl AldAlE-
Sl 27detelt(8], Al o] g o2 RE 9] Ao A
3510l k| oA Fast ATS SHO). AR E/dst
OJA| ot A= B3 U7 AR cyclooxygenase-2
COX-2), inducible nitric oxide synthase (iNOS)E A3/d
1, d=A4 Ato]E7IOl interleukin-1 beta (IL-1P),
interleukin-6 (IL-6), tumor necrosis factor-a (TNF-o)
o] e H RHIE Z7IAI717] tizol E/detol= 270
Zasict offd Aol i ol2iet A5S FHEA
O] 7RI ARg-0 82 27851 Zlo] ADY| £legg 2Aflstal
g 2 AL JEEJTH10-12].

Scopoletin (6-methoxy-7-hydroxycoumarin)2 =
X Foi2lo2 Bhe A=olM Felels Fusleh Hal st
=40IH[13,14], & 739 Mlzet 220N B57d
ui7HQIANe] AabE: BAaA7]E Zlos IR Qloi15,16].
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II. Materials and methods

1. Materials
Scopoletin (Sigma-Aldrich, St Louis, MO, USA),
ARy Hexafluoroisopropanol  (HFIP)  peptide

(#AS-64129)  (AnaSpec, USA),
Dulbecco’s modified Eagel's medium (DMEM)
(Welgene, AT, tishal=), fetal bovine serum (FBS)
2l SPAA| (penicillin and streptomycin) (gibco, Grand
Island, NY, USA), Cell Counting Kit-8 (CCK-8)
(Dojindo, kumamoto, Japan), RC DC™ Protein Assay
Kit (BIO-RAD, Hercules, CA, USA), Y&} &HA| Actin
(Santa Cruz Biotechnology, CA, USA), IL-1B
(Abcam, Cambridge, UK), Nuclear factor-xB (NF-«xB)
(Cell Signaling, Beverly, MA, USA), o]A} &A] HRP
(Anti-rabbit IgG) (Cell Signaling, Beverly, MA, USA),
10X TBS buffer o, iR,
Immobilon® PVDF membrane (Merck millipore,
USA), 5X Blocking solution (BIOFACT, TjA, jj3tel=),
ECL (GE health care, Chalfont St Giles,
Buckinghamshire, UK)oj|A] 15t AR5

Fremont, Ca,

(elpisbio,

2, Culture of BV-2 cells

Qo] ALgE #e] BlAokIAE BV-2 @l 90
A AERfollA Zodtol ARSI Alauid 10% FBS
2} 0.1% penicillin and streptomycing &7}st DMEM
oAl 37°C, 5% CO, 275 RAIsHH BiYstRtt

3. Cell viability

Scopoletindt amyloid beta oligomer (AB;-42)9] =,
AlZtol| mabA BV-29] 0]R|= Ml2s/d saks £7sh,
BEES U] sl CCK-8 assays HAISHAH:
BV-2 H|ZZ2 96 well plateo]] 1x10° cells/wellZ seeding
5[l overnight AIZHsQF QMFelsIRITE AR S 0.1, 0.5,
1,5, 10 pM =52 A2t 21 3, 6, 12 ,24 A7t =9t
¥} 1, scopoletin 1, 5, 10 uM 5% & #2] 3 3,
6. 12, 24 AIZF 59t sesioict. Alzsjorte) 1/109120)
CCK-8 solutiong 5=, ARt e} toh2AA| x2igh 2j2t
o] wello] 7}ati, ] 1A 5ot Hjgatgict. of &
SpectraMax iD3 microplate reader (Molecular
Devices, Sunnyvale, CA, USA)S 0]-85}9 450 nmoj|A]
EYg SIT oFRUE AlsiA e xRl &
FEE 100% 71&02 st M2AEE(%)= ALt

4. Western Blot

ChiA wil S £4J517] 9lol BV-2 HZZ 6 well plate
of] 3 x 10° cells/well® seedings}d] overnight A]7HE0F
Orgststeitt. Scopoleting BV-2 Ajao]l 1, 5, 10 uM =
T2 3AREAR2] g F, ABre (1 uM/ml}E A2|stal 6]
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B Hisit. APt &Y BV-2 NEE
protease/phosphatase  AsiAl7t &&= 50 mM
Tris-HCl buffer (2% SDS, PH 7.5)2 &3lA]7] 13,000
rpmQ 2 15271 A4 Z2fste] J5de Aol AHgsHl
c}. Tizlo] Make Bio-Rad protein assay kitS ARESH
BCA assayyjoz AIstlon, A (10 nge 12%
SDS-PAGEY|A A7]9=3F & polyvinylidene fluoride
(PVDF) membrane9]] transfer 3}%Th Membrane2
Blocking solutiond]] 1A]7t 59t Blockingstal, Y&} SHA|
< TBST (1X TBS, Tween 20)9]] 1:20009] == 2 3]A5}
o 4 °CofJA] overnight ¥FSAZ] &, 1:20000.2 3]A5T o]
A} %] (HPR)?} 1AIZF ¥FAIZIT) o] & Image Quant
LAS 500 (GE health care, Chalfont St Giles,
Buckinghamshire, UK)2 o]-25to] JZ W& 01A} [L-1B,
COX-2, iNOS ¥ NF-xBQ] THiAl di&lg. sholstgict,

5. Statistical analysis

2E AYANE W + BFUAR BIGT. 0%
Zro] $7A §o)i B4 2AHEA (One-Way ANOVA)
o2 e 3 80 Bgo] 9RF 0.05 ofst &

o) $AMO2 §olio] ol Ao WYL

III. Results

1. Effect of scopoletin and ABi-s2 on viability
of microglial BV-2 cells

Scopoletin} ABj-»7t MIZAESO] TS 74 A
T8 =S A8sH] #fell CCK-8 assay & AlE51o
A5ttt 7 Ay} scopoletin®] =%7F 1, 5, 10 uM
o (Fig. 1A), AR 5%71 0.1, 0.5, 1, 5, 10 uM (Fig.
1B)Y o AEE] HelE Bo|A] 4L, BV-2 cellof|d =
a7t gle e FUstAH. TN scopoletin®]
axqe =5 1, 5, 10 pM2 AAskgict
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Fig. 1. Effect of scopoletin and Amyloid beta oligomer
(AB1-42) on viability of microglial BV=2 cells. (A) Effect of
AB1-42 on viability. (B) Effect of scopoletin on viability.

2. Effect of scopoletin on the production of
IL-1B in ABi-s2-induced microglical BV-2 cells
Scopoletin®] FHEZS kS Q15| 5] western
blotZ o]8sto] BV-2 NZfA ABrep2 FEH A5
At EZIQI IL-1BE ERISIRT:. AR AEZASES
+oARQ1 Wg} glo] A5 Te Fshe A=l 1 uM

2 ugol Agstch

g 8 8 8

IL-1B expression
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Fig. 2. The effect of scopoletin on the production of
interleukin 1 beta (IL=1B) in amyloid beta oligomer
(ABj_42)—stimulated microglia cells BV-2. BV-2 cells were
pretreated with different concentrations of scopoletin as
indicated for 3 hours before treatment of 1 uM AB1-42 for
6 hours. IL-1B levels were measured using western blot
analysis. "*p < 0.001, ""p < 0.01: compared with ABq-s2
alone treatment group.

Scopoleting &&of T} tf27] &X2jst if Ay
= A2 vlusilal, IL-189] Welo] sk oJEA 0
2 7FAsH= 7L #olstdnt Scopoletin®] =%71 10
M Qo IL-189] %==7} 22.77%VHK] Ztask= 7oz
Hol ARy A3t BV-2MZOoA A5/ Afo]E71RIC]
W3S AAlse AL FAsHIT (Fig. 2).

3. Effect of scopoletin on the production of
COX-2 and iNOSIL-1B in ABi-s2-induced
microglical BV-2 cells

A5 SHAl ABTZHQIAIR! COX-2, INOS Eelo] &
7¥sh=t] o] scopoletino| O]X]&= F&FE western blot
oz RISt AR NEABEEC] Rl et
Qo] ©ETS Quet FanEY 1 uMS Ao ALS
SITE ABr B A2]to]l vlsH scopoleting 5, 10
M 522 A A2]e 2ol A BF ol ARl COX-2%
65.8%, 78.19% (Fig. 3A), iNOS= 45.03%, 53.21%
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Fig. 3. The effect of scopoletin on the production of
cyclooxygenase—2 (COX-2) and inducible nitric oxide
synthase (iNOS) in amyloid beta oligomer
(AB1_42)—stimulated microglia cells BV-2. (A) The effect
scopoletin on COX-2 production. (B) The effect scopoletin
on iNOS. BV-2 cells were pretreated with various
concentrations of scopoletin as indicated for 3 hours
before adding 1 uM ABi-s» for 6 hours. Each levels were
measured using western blot analysis. """p < 0.001,
“p < 0.01: compared with ABi_s> alone treatment group.

4. Effect of scopoletin on the production of

NF-kB in ABj-s2-induced microglical BV-2 cells
ABp=  FEEEgC]  f=® BV-2 AZofA

scopoletin®] 95 =g &Qlskl, E54 /AT

oA 03 As AT J29l NF-xBo] 42 215}

|t

p

Sk ABLyt AEAELO] RNl Wt glol A5
S Qusl AxsEAl 1 aME Aol AMgsiET,

scopoleting 1, 5, 10 pM ==2 A 2] $ AB-»nS 6

AIZE SOt X251t ARy ©E A2] oA A|msH
Yl NF-kBY] fojujgt Z71& H%l11, scopoletin A A
2] o= NF-kB & Uf £Al0] 5k oEMOoRZ 4
o Zs &l (Fig. 4).
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Fig. 4. Effect of scopoletin on Nuclear factor-kB (NF-kB)
activity induced by amyloid beta oligomer (ABi-s) in
microglial BV-2 cells. Microglial BV-2 cells were
pretreated with various concentrations of scopoletin as
indicated for 3 hours prior to 1 uM ABy-4> treatment for 6
hours. NF-kB levels were measured using Western blot
analysis. *#p < 0.001 : compared to basal cell, ""p <
0.001 : compared with ABi-4> alone treatment group.

IV. Discussion

Qzstolopy rfe] Lol Fa
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ATH22]. & AFONA = ABraz oligomer (ARi-4)E 7%
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