S AW H 2 2Het ¥ X| 38(3): 176-183, 2023
J. Korean Soc. Food Cult. 38(3): 176-183, 2023
=2 A ARSIl ols.
Copyright © The Korean Society of Food Culture

ISSN 1225-7060(Print)
ISSN 2288-7148(Online)
https://doi.org/10.7318/KJFC/2023.38.3.176

CrossMark

click for updates

LPSE Z}-23F microglia BV2 cellof|A]
Cyrtomium fortunei).Sm. £Z 52 ¢§FE< 21}

Anti-inflammation Effect of Cyrtomium fortunei J.Sm. Extracts in
Lipopolysaccharides-induced Microglia BV2 Cell
Jiwon Choi', Shintae Kim', Sang Yoon Choi', Inwook Choi', Jinyoung Hur'**

'Korea Food Research Institute
2University of Science Technology (UST)

Abstract

In this study, we investigated the effect of the extracts of Cyrtomium fortunei J.Sm. (CFJ) on lipopolysaccharide (LPS)
induced inflammation in mouse BV-2 microglial cells. Nitric oxide (NO) production and cell viability were measured using
the Griess reagent and the (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) (MTT) assay. Inflammatory
cytokines were detected by quantitative polymerase chain reaction (QPCR) in BV-2 microglial cells with and without CFJ
extracts. Subsequently, mitogen-activated protein kinases (MAPKs) and antioxidant markers were assessed by western blot
analysis. It was found that the CFJ extract significantly decreased the production of pro-inflammatory cytokines (interleukin
[IL]-6, tumor necrosis factor [TNF]-a, and IL-1f) and NO in BV-2 microglial cells that were stimulated with LPS. In addition,
the expression levels of the phosphorylation of the MAPK family (p38, c-Jun N-terminal kinases [JNK], and extracellular-
signal regulated kinase [ERK]) were reduced by CFJ. Also, treatment with CFJ significantly increased the activities of
superoxide dismutase type 1(SOD1) and Catalase in BV-2 microglial cells. Our results indicate that CFJ has a potent
suppressive effect on the pro-inflammatory responses of activated BV-2 microglia. Therefore, CFJ has the potential to be an
effective treatment for neurodegenerative diseases, as it can inhibit the production of inflammatory mediators in activated

BV-2 microglial cells.
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LA B

23181 (Cyrtomium fortunei J. Smithy= T2 T SHT=,
dE B F= T Hisyb 5o Aske vtk
(Dryopteridaceae)dl] &3h= oJefs|ato] YA EZH] T2
WIEOR o] gt feuEtlM e e o= e A&
S =A@ A RN 2297 T} (Bae 2001). 43209
A gdel #e A= Hele] 4tksl g 3H(Jeong et al.
2007yt 5 mjE g o] gk B 37 (Choi 20137} UAS

£ gl w3k Aok HaH]o)] SR Aol A%
A= AF7HA vEEE Aotk & Aol e AaH Y
o] ¥ dF A EHE M= I 9 HFE olE HE=E
K Aske Hvlelth,

BAO |alA 3 (microgliay= ol EAN8= Tl2IAI2E (macrophage)
% U=, ¥ @AM E(glial cel)?] 10-15%S A&, 5
FAAA HollA MY Wo]7]5S 3 Ath(Lawson et al.
1992). Z22u} microglia’t =M Skl AV 4717
g w [P ASHHSS LO7)H nitric oxide (NO)S}
954 cytokine?! interleukin-1p (IL-1pB), tumor necrosis
alpha (TNF-)¢} interleukin-6 (IL-6) ¥5F o} 2} reactive
oxygen species (ROS)E #1383l AA =S fFslar o &
A4S FEslod(MceGeer et al. 1993; Dinarello 1999; Li et
al. 2005) IS d=xstoln 53 22 A7 g4 2
ko] Qlo] ATk A UTh(Wegiel & Wiwniewski
1990; Scarano & Baltuch 1999; Zheng & Zhang 2021).
£ A= lipopolysaccharide (LPS)E ©]-831] mouse microglia
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BV2 cell®] €5 W& A3t A171a A FE5E
(CFT)el €5 Al &gl 5] vehh=A] gRlskit o]
2k A4 e o S a0 R Aojske A2,
AlA A= 24 A= EIFste] A1 EFA 3] X8
£ 98 a8 gdoez Q4 E 2t} Mitogen-activated
protein kinase (MAPKs)2] <14+3}} nuclear factor kappa
B (NF-kB)2] A= tIAME 27] HukSor Sa3t o
L ik o]H T Aukgelle AXE v 2 T Qs
FA(ERK), c-Jun NH2-2H 2 Q14ks}&E A (JNK), 2] 3L Al
A/EH o Tl Qlibsta A (p3s)7t EFHE T YA

ATHByun 2013). & AelA= &M o] odolAH| o]
E #3Eo] o]y 455 sk Hlo|eviAE ofwl
zAskeA FRlste] F9S 7152 Asska sl &
Ao AL AT ogolAEolE BAE W) AR
A B /)E AT A v gl X Aol
A F% Xevo TQ MS (Waters, Manchester, UK.}
ACQUITY UPLC A|Z=H]S- o]&3lo] 2un|Q] F552] 4
e B4 F oug o] 23] Jlon, HAEF o
Al 3ol 2Hg-sh=Alol el &I o gt

I A7 g Y

(DMEM), penicillin-streptomycin (PS), fetal bovine serum
(FBS) % phosphage burffer saline (PBS)2 Gibco (Gibco,
Rockville, MD, USA)IA ul3F3 Tt 3t Dimethylsulfoxide
(DMSO), 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium
bromide (MTT), Bovine serum albumin (BSA), Griess
reagent, Lipopolysaccharides (LPS) ¥ ThE R EA|SF2
Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO, USA), &
A= Cell Signaling Technology, Inc. (Cell Signaling
Technology, Inc., Dancers, MA, USA)IA 913l Al
St

2. Cyrtomium fortunei J.Sm. F&& (CFJ) M=
B Aol A ARt 8IS, Cyrtomium falcatum J.Sm.
(0000-MAT-0093, CFIy= %ﬂé%& Aol A AHH=E ﬁﬁi
El S Eelete] SRFE AFSkL 50°CM 5 X
eSS ARgBle] A2olA 17 338] &39It
O]E oA Fste] Aojxl A 3 At w5712 &3]

BEsl Wig 13RS AXAAL Mg 13

OHﬂEHOlE 7HA HQ%(#%
0.6%)2 Azseh Alzw 22H]8] odopEo|E
22 —70°CollA Basar 24 AlEE ARSIt

ADblel FE20| YAF &1 177

¥ A3 ol ALE-3F mouse microglia A2 BV2 cell
Zdejoeta o]l s Ae] s wA oA °km°} DMEM
(Gibco, Rockville, MD, USA) HlA]o| 10% heat-inactivated
FBS (Gibco, Rockville, MD, USA)2} 5% penicillin
(Gibco, Rockville, MD, USA)S #7134 37°C, 5% CO,
ZZ100M HIEZF 80-90%e ©]=% 103] o] AlTh viEt
5 ARE-3FATE

4. NE MES =3

T AEE S8

LPS9} CFI7} Al A& 9FS miAle &S &<
371 $18ll ME= 96-well plateel] 3x10* cells/wellZ 100
ulA Bstel Al w7 oA 24417 vl F BE
FHe AASIL LPS (Sigma-Aldrich, St. Louis, MO,
USA) 0.1 pg/mL=} CFJE 2+ 10, 50, 100 pg/mL ==
Aglste] F7FE 18417 vl ettt ©]% MTT (Sigma-
Aldrich, St. Louis, MO, USA)A¢F 0.1 mg/mLS 100 pL
H7¥ste] 3A17F B9t 37°C, 5% CO, 2704 et &
Hj Yl & A AL F7Fe] DMSOd| = 1087 ¥
5 595 nmelA FEE=E ST AlE AEE (%) o
S e IS o]gste] YERNATHRichter-Landsberg &
Besser 1994).

AE HE&%)
=AEA e SR EMETE $35%)x100
5. Nitric Oxide (NO) A4Ad X{sfl &1}

LPSel| 23] #43}lE mouse microglia BV2 cellZ+-E
NO9 &= =A3s}7] 98] LPS (0.1 ug/mL)¢} CFJ (10,
50, 100 pg/mLyS sAlol A 2jsted 24417k wijgsiSict. 4
Ne o2 wellplateo] %713 Griess reagent (Sigma-
Aldrich, St. Louis, MO, USA)Z 1:1 H] &2 1587F 213
Sk oA HESAIZ] 540 nmOll Al microplate”] & ©]-8-3}
o FEEE SAHIUY AEZHE IHE NOY 4
NaNO, 59| F=E 7|F(standard curve)>Z A4S

H(Kim et al. 2017).

6. Western blotS S5 THHEEl L5

MEZE 60 mm plateol] 13x10°cells/wellZ F-F3F0] 244
7+ &t msidnt. o CFJ (10, 50, 100 pg/mL)2+ LPS
(0.1 pg/mL)S FAlo A sted 24A17F F3F v Fatdch.
PBS (Gibco, Rockville, MD, USA)Z 13] M2 3}3L scraper
& o183t Al2E 35e 5,000 pmelA 1587 LA
TP > A AL Al Pro-prep (iNtRON
biotechnology, Seongnam, Korea)s ©]-83}o] lysiset F
iceol] 3047F RS 22|32 W F 15,000 rpmellA] 15
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2 A4l EEjste] AEdS FHale] FHEs Ak A
2 FT AL Brad-ford assay (Bio-Rad Laboratories,
Hercules, CA, USA) WH-& o]-8-3lo] At} o]F 2X
LDS sample buffer (Bio-Rad Laboratories, Hercules, CA,
USA)eF o] 42 t& MES 10% SDS-PAGES #1713
% ¢ %, 5% skim milk (0.1% Tween 20 containing
PBS, TBST)Z 1417} blocking &t$ith. TBSTZ 33
washing ¥ B-actin, iNOS, COX-2, IL-1B, p-p38, p-ERK,
p-INK, p-p65E 12} A& 25 1:3000 v]&= 3435
4°ColA overnight 3tk TBSTol 3415 22} 34|
(1:5000)5 “g==0llA] 607 WH-A171 ¥ TBSTZ washing
3l ECL (enhanced chemiluminescense)S 1:1Z 47
membrane®l] F31F HH&- A7 - image analyzers= ChemiDoc
XRS+ imaging system (Bio-Rad, CA, USA)Z AZ3}3 3L
Image J software (NIH, Bethesda, MD, USA)E ©]-8-3}<
g S ST

7. RT-PCRE S8 R&IX} L&

Mouse microglia BV2 cellllA 954 cytokine A3 A
alfol] WX= FFE H7lsh7] f18] mRNA FEollA Hels
A3t RNA 32 NucleoSpin RNA kit (Macherey-
Nagel, Duren, Germany)E A3l RNA HIYS
nuclease-free waterel] 83 A|7]3 FZ¥ RNA 5L+
Nanodrop one (Thermo Fisher scientific, Cleveland, OH,
USA)S AHg3te] =3 3tth cDNA A4S BioradAle]
iScript cDNA Synthesis kit®] ZZEZ-S W}l Real-time
PCR 9} thermocyclers ©]-831] cDNAE SFHA|IATE 7
Zb 92 QuantStudio™3 Flex Real-Time PCR System
(Applied Biosystems, Inc., Foster City, CA, USA)°||A]
iQ™ SYBR® green supermix (Bio-Rad, Hercules, CA,
USA)E AHE3Fe] 96-well plated] 20 uL? 71t
Initial denaturation (10 min, 95°C), denaturation 40 cycle
(15 s, 95°C), annealing 40 cycle (30s, 60°C)Z A= A
A7+ Al2=¥] Quantstudio™ design & Analysis softwareS
ol-gsto] 4B, BE W2 GAPDH 2¥ L 7|Eo s

A5+3} 3k th<Table 1>.

8. A=A

RE A2 3 vHESA A3 $4e Hd+E
(mean+Standard deviation)Z A3t FHek 7+ 2}o]
one-way ANOVAZ F243F o] tukeys multiple comparision
test2 A 7E3sIch. 2P EZE GraphPad Prism 9
(GraphPad Software, Inc.; San Diego, CA, USA)E ©|&
sted p<0.05 o]std W FAZCE Folgt Ao=E THalsl
TH*p<0.05, #4p<0.01, **p<0.001, ***¥p<0.0001).

nm. 23 3 24

1. CFJ2| M= MZ=E1 NO MM X &=
CFJo] &t Fe)shs g5l tigh A alslel v
H3g50=7 IF3uo] v giFo wHAs AH 8%
o gt A= RE ) gloh 2 2 AoA CFI

F9%5 a34= Fstual son, 3] BV2 celloA 2]
YAT 2 IRIFOEAN F5 HES o Y HRS |
ol tisiA CFIe] thekst A= E4S Asle v =
o] & o7 AztETH CFI7F microglia BV2 cell®] Al

Z AEE VA= FFE Eshr] {8 LPS 0.1 pg/mL
# CFJ 50, 100 pg/mL2S FA)el *2]3te] MTT assay
Ho R ME BEES SAUTE RS 100%2HL A
uj, LPSE A8 FoAM 2] MEAYEES 904%= LIERE
3 CFJ 50, 100 pg/mLS 223k ol A& 1189, 113.2%
o] A ZAEEo] YET o] A3E 3l CFIE 50, 100
pg/mL A2|gk oAM= ME F5Ado] YERA] gof =5 |
5 AFL 10, 50, 100 pg/mLOE A g]ste] sz}
ATh<Figure 1A>. NO2| 442 ASRES] a2 A%
2t & = Qo oM microglia AlEe] Aoz <l
g NO2| #r} P4 FwHMEE A3t FHAME Al
IAPES =gt o]E 3 microgliad] S-S <AISA
AZF9] R3S v Ao] HAE APE AFlM F23 7]
A 5 shdelth E A= LPSOll 9J3l microgliaql A2
BV2 cell2FE A4 == NOdl thdh CFle] JAax=
Griess assay® =743I3th 2 A3}, LPS A2+ 2ol
Hla] NO2| AAdo] <F 3081(39.6 uM) 7138k #=3k G5

<Table 1> Primer sequence

Gene name Primer sequence Sequence

IL1p 5-GAA ATG CCA CCT TTT GAC AGTT G-3' Forward (F)
5-TGG ATG CTC TCA TCA GGA CAG-3' Reverse (R)
L6 5-TAG TCC TTC CTA CCC CAA TTT CC-3' Forward (F)
5-TTG GTC CTT AGC CAC TCC TTC-3' Reverse (R)
TNFoo 5-CCC TCA CAC TCA GAT CAT CTT CT-3' Forward (F)
5-GCT ACG ACG TGG GCT ACA G-3' Reverse (R)
5-CTG ACT TCA ACA GCG ACA CC-3' Forward (F)

GAPDH

5-TGC TGT AGC CAA ATT CGT TGT-3'

Reverse (R)
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<Figure 1> The effects of CFJ on cell viability and NO production in LPS activated BV2 microglial cells. (A) BV2 cells were treated with LPS
(0.1 pg/mL) and CFJ at different concentrations (50, 100 pg/mL), and cell viability was confirmed through MTT assay. (B) BV2
microglia cells were treated with LPS (0.1 ug/mL) and CFJ at different concentrations and incubated for 18 hr. Only the supernatant
was transferred and reacted with the griess reagent to confirm the release of nitric oxide (NO). Statistical analysis was conducted
using one-way ANOVA with Tukey’s multiple comparison tests. Results are expressed as mean+SEM of three independent exper-
iments. ***p<0.001 and ****p<0.0001 compared with the LPS-treated group.
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<Figure 2> The effects of CFJ on iNOS (A) and COX2 (B) inhibition in LPS activated BV2 microglia. BV2 microglia cells were treated with LPS
(0.1 pg/mL) and CFJ 10, 50, 100 ug/mL, cultured for 18 hr, and analyzed by Western blot. B-actin was used as an internal control
and it was proved that the band quantification was constant. Statistical analysis was conducted using one-way ANOVA with
Tukey’s multiple comparison tests. Results are expressed as meantSEM of three independent experiments. ***p<0.001 and

****p<0.0001 compared with the LPS-treated group.

g0l S Ik th<Figure 1B>. ¥HH, CFIE
50, 100 pg/mL=E A o), 2z} 16.1, 5.32 uM2] NO A
AES YR o] CFJe] NOJAl 555 gRlskint. wetbA
LPSel| 2]3] 43}l BV2 cellellA] CFl= NO A4S A
FoEN A5S A3t & AN, 7 AlEL] AR A
g AS AR A7

2. CFJo| A=A o7 21Xl iINOS, COX-2 M x| &5

HSA izl QAR COX-29}F INOSE o] ZZ oA &
As A JHF asolr 83 24 AR LPSe} 2
7L A=o= Ilo] FAH Tkl B tE 9%
d B4 A COX2E S4FA cyclooxygenase}
peroxidase &S BT 7L om, §4 HF wESolA
prostaglandins®] §/dol &3l o= LPS ¥ cytokine®ll
7o 2507 wdo] fEHH(Needleman & Isakson
1997). webA a5 283} 25l oA F Ta T

>

(iNOS, COX-2)2 =xHd3te= Zol F L83 KTurini &
DuBois 2002). BV2 cellollA] CFJ2] NO A4 oA &%
INOS®9Fe] g8 dolrr] 918l iNOS whald ek
SAstth. 2 A3, LPS AHe]ollA= tizxtol| vlal 6.8
vl Z718F13L CFJ 10, 50, 100 pg/mL A&l 24zt
5.7, 09, 0.04 yMZ T% Fo]H 02 INOSO| whald s

e

o] A3 t<Figure 2>. WElA CFlE %5 WS 4o
7]& iINOS T WS AAste] NO2| S Alshk=

ol
-

Aoz A7t COX-2+= FoHkeolr Fast 93-S
= AR, B 2N e SHEA AR, LPSH 71E
S A AR} e A=S wow SdstETi(Yang et
al. 1999). CFJ7} LPSE =¥ g% wh3olr COX-2 o4
A o vR= IS FRIgH A3, <Figure 2>} 72o]
LPS Ag|tollA thzwtel] vls COX-2 Wa o] 214 F7}
SFA 3L CFJ 10 pg/mL A 2]+& LPS A&+ Xt} COX-2
o TS 50% ol’d THAAIHTE 53] CFJ 100 pg/mL
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<Figure 3> The effects of CFJ on the IL-1B (A), TNF-a (B), IL-6 (C) mRNA expression in LPS activated BV2 microglia cell. BV2 microglia cells
were treated with LPS 0.1 pg/mL and CFJ 10, 50, 100 ug/mL, cultured for 18 hr, and analyzed by RT-PCR. GAPDH was used as
an internal control and it was demonstrated that the band quantification was constant. Statistical analysis was performed using
one-way ANOVA with Tukey’s multiple comparison tests. *p<0.05, ***p<0.001 and ****p<0.0001 compared with the LPS-treated

group.

Aelte 2 B} v coX-29] e as YeRlSi
wbA, CFI= LPSOl| 98 §-55% iNOS, COX-29] 23l
< Ak 2HE 7, o= Qe A5 " 1AL
NO2| A4S A= a3= vehdty & 4= Qi)

3. CFJ2| HZ4] cytokine MM 2H| &=

ASHZ7E A8l NO® ofyEl 4354 cytokineS!
IL-1B, IL-6, TNF-a= 5ol #ste A2 Als He o
o, AZ w-goll A olti(Yang et al. 2013). WEHA
P95 24 XE AAAM HFA cytokine®] THFHES
2N = Flo] Tosith B 23S LPSE A3 BV2
cellol CFIE A2gt & 934 cytokine?! IL-1B, IL-6, &
TNF-00] B %S S8F222 CFJol| o3 dF w7l
cytokine®] A8/ oA &35 HESIT. <Figure 3>¢] 2
o} 7o) LPS Aol s BS54 AFIEIRIAL-16, IL-
6, TNF-0)9] 32 @& zFe ol vls| 27t 2.59,
3.52, 118} Z718k ek WA, CFJ 50, 100 pg/mLA 2] -2
7% IL-1B, TNF- %S tixw H|wds o, Hast
£ A%%S YR, B3 CFI 50, 100 pg/mL x| 3k o
oA e IL-62 LPS Az|w=ell vlal 50% o2l At wal
FS AaAFT ol A#E $3] CFJ= iNOS %
COX-29} ¥t oz} 954 cytokine (IL-1B, IL-6, TNF-
nEe Td QA E Tl 9 2d T S e A
o7 oHh 35 0|83 cytokine AR HALS A
3} A]7]E nuclear factor kappa B (NF-kB) 4 2E &Hlg}
© 24 CFJ7} NF«xB A2E ZH3h=A] &2lsla4} gt}

4. CFJ2| MAPKs &3 oI 55 HE
Mitogen-activated protein kinase (MAPK)<= extracellular
signal-regulated kinase (ERK), Jun kinase (JNK/SAPK)

and p389] Al 7FA] o] o™ o]5& A|lEAHolA H] Q1

2k} A2 EAh, 22 LPS Ao 2 Qe A7) &
’dstsld lrkslEo] A wizl AAF1 INOS % cytokine
(TNF-a, IL-6, IL-1 )] LdS FX A]7]7] wfiel
MAPKs H=2E Ak S JH59] 78 7He=w
E9ky QlTH(Yang et al. 2015; Kim et al. 2017). ¥ A
o] A= CFJ¢] NO A4 A &/do] MAPKs 9] 14tkst o
Aok AHo] A=A 1] 913l LPSE A}=3F BV2 cell
o CFIE Aglste] vhd w3 2431tk LPS A2
Sk oA phosphorylated forms/total form©. 2 ERH
MAPKs (p38, ERK, INK)2] ¢11ks} vl go] thz tiv] 7t
7k 55, 1.9, 7.08] 5715 SISttt WA CFIE A2gh
TAME B §9202 p38, ERK, INKS] 212k} 74
H A& FAsATh 53] CFJ 50, 100 pg/mLe o2
(ratio 1) 2T} p38, INKS] 4ksl7t 50% ol g e A
32135} th<Figure 4A, C>. CFJi= LPSOl| 2J3) f =%+
MAPKs 729 &43slE oJAlsh= 2102 Aztdr). 7|&
AFAEL o] H7IK] MAPK AZ2E &<l 3198 ], p38
o] QI4ks} 9ol ERKY INKS] E/dsh= ER1skA] Xale=
7%= ATH(Yin et al. 2019). AT B A= CEIZF
MAPK®] A7 A2E BF 2ATS IR, ol= Al
FAPEAA] Bl thE 2EYE A= o Qks) Z2He] 7t
St dEe] 35 7 Aol H838 w AlzARd
A 5% U ASRE oty 5 2lAFAM 2o 8
of|Folth. CFIe] MAPK A&dg 24 A5A cytokine
7 NO #1452 iNOS, COX-2¢] WS 7472 95
23 vl Ede] HES 2E5 gAT £ Yeplle A
o2 detEd,

5. CFJe| A8l AEM A HNes
2173 G533 gEo] EA4HAF (Reactive oxygen species,
ROS)l I3k AAAE 74 B APE e HE53 d=stoy
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<Figure 4> Effect of CFJ on the expression of MAPKs in LPS activated BV2 microglia cells. BV2 microglia were treated with CFJ 10, 50, 100
pg/mL and LPS 0.1 pg/mL for 18 hr and confirmed by western blot (p38, phosphorylated p38, ERK, phosphorylated ERK, JNK,
phosphorylated JNK, p65, and phosphorylated p65). Statistical analysis was conducted using one-way ANOVA with Tukey’s multi-
ple comparison tests. Results are expressed as mean+SEM of three independent experiments. *p<0.05, **p<0.01, ***p<0.001 and

****p<0.0001 compared with the LPS-treated group.
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<Figure 5> The effect of CFJ on antioxidant protein expression in BV2 microglia. BV2 microglia were treated with CFJ 10, 50, 100 pug/mL and
LPS 0.1 pg/mL for 18 hr and confirmed by western blot. GAPDH was used as an internal control and it was proved that the band
quantification was constant. Statistical analysis was conducted using one-way ANOVA with Tukey’s multiple comparison tests.
Results are expressed as mean+SEM of three independent experiments. ***p<0.001 and ****p<0.0001 compared with the LPS-

treated group.
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