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Abstract - Gingival inflammation is one of the main causes that can be related to various periodontal diseases. Human
gingival fibroblast (HGF) is the major constituent in periodontal connective tissue and secretes various inflammatory
mediators, such as nitric oxide (NO) and prostaglandin E, (PGE,), upon lipopolysaccharide stimulation. This study is aimed
at investigating the anti-inflammatory and antioxidative activities of Lotus Root extract (LRE) in Porphyromonas gingivalis
derived lipopolysaccharide (LPS-PG)-stimulated HGF-1 cells. The concentration of NO and PGE,, as well as their
responsible enzymes, inducible NO synthase (iNOS), and cyclooxygenase-2 (COX-2), was analyzed by Griess reaction,
ELISA, and western blot analysis. LPS-PG sharply elevated the production and protein expression of inflammatory
mediators, which were significantly attenuated by LRE treatment in a dose-dependent manner. LRE treatment also sup-
pressed activation of Toll-like receptor 4 (TLR4)/myeloid differentiation primary response gene 88 (MyD88) and nuclear
factor-kB (NF-xB) in LPS-PG-stimulated HGF-1 cells. In addition, one of phase II enzyme, NAD(P)H quinone dehydro-
genase (NQO)-1, and its transcription factor, Nuclear factor erythroid 2-related factor 2 (Nrf2), were significantly induced
by LRE treatment. Consequently, these results suggest that LRE ameliorates LPS-PG-induced inflammatory responses by
attenuating TLR4/MyD88-mediated NF-xB, and activating NQO-1/Nrf2 antioxidant response element signaling pathways

in HGF-1 cells.
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ok Al 5 skl QA 2 2AdfrobAl £ (human gingival
fibroblast)ol|A] P gingivalis25 e E2]% =4 LPS=
Toll-like receptor (TLR)2} HF-3-5}0] myeloid differentiation
primary response gene 88 (MyD88) /nuclear factor—«B (NF—«B)

ATAE AR5 Dteto] F54 miziEd 2 Al E7IIE
A3sk= ﬂ—i Hugo] glon, 53] o5 F5A ilEZ
9 Aol 7RSO & 2Ash= Ao] A A F&
3t 3 olefal 3k 4= QIthLi et al, 2017; Seo and Jeong, 2020).

Nuclear factor E2—related factor 2 (Nrf2)= phase II 3},

A5 A2 OFs sl A E B 97k uHel S 24 sk
o122 ABIAEG AT HEE A SR 2 ARA|
ShA|Z o2 S| gk
ofl Zg}slo] NADP)H:
quinine oxidoreductase 1(NQO1), hemeoxygenase 1 (HO-1),
glutathione reductase 5 @A} A 450 9L 27|71t
(Kang et al., 2005), BAFA] Nrf2= A|ZA o] A Kelch-like
ECH-associated protein 1 (Keapl)©] 2]5}o] v|EHA Elo] 9]
7FAIE7E AFeRA E4dol| leE T Keapl O 25| HojA] Lo}
& Qko 2 o550 Maf Thi 23} oA S 0] F1L, phase 19}
AFSHYA] 7142 promoter
element (ARE)®]| Z33k0 24 45-4212] HAkE 243t
(Lee and Surh, 2005), 3}Aks} &4 2 NAD(P)H: quinone
dehydrogenase (NQO)—1-> M| 222 ff 245} SpAsH-8-S
ol A2H T 285 ke Al 5 shuhE F=9 Aol
A HE/do] =& AlufFi=o] ofe} £/4do] A& slol=z )
o8 HERS FOBMN A LR D FE8S Kol 2 0E 47
1 Q)th(Ross et al,, 2000),

A(Nelumbo nucifera)2 %, S, T, G, Au|2jof
A1 9] Foluf Ao Al Aeh= thd A 22, Ao o)t
1~,5m o a7t og 77 Wi Y55 o & w7} Wt
(Borsch and Barthlott, 1983; Lim et a/,, 2020), ¥g] W £7]
HHO A9 032 AM3H= A (Lotus Root) 2.2 ExHog
()23 3fe), e g el A vk 2 o

Ho| | Y| Ohot 0.2 fefsto] HEhA ofd
ofu, 14BN utels 9 Wz sz Fou, 91
sk okelAALt 284 S 9 Siedel 3k Sick o
THKo et al, 2006; Ling et al., 2005; Xiao et al, 2005).

<ol gt Aej e g oll et in vitro AR QL St a
(Park et al., 2005b), Gt o EIHKo et al, 2006; Lee et
al , 2001), ~2EY A ASEIHWon et al, 2004), & et

Bl
223 @
(reactiv electrophiles) & %

51, antioxidant response element(ARE)

9] antioxidant response
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AR S §_5L]{Cho and Kim, 2003), 3}A3} G3KLee et al,
2006b), 1A 8% o aIN1ee et al,, 2006a; Park et al,
2005a), /‘\j‘?fgd—}ﬁ] 23} o g 7 Quan, 2002) S0] H %o
A Qo) 2FA38} A of T A= oA ’arg vl gick

FE 2 2R 258 27 2
Qlit o & UHA QU= P gingivalis®] WA= % A #|
Ao HGF-10] m|A]= 395 9 HAtet avte] "”i}
SHA 714 A Absto] §o1A Q1 ATRE A7l ol &

3R o],

= FEE GHlA st
o] 2P x5t A (Lotus Root) & EU2IAHI Q] 34124t
4o 9F2(Yeongcheon—si, Gyeongsangbuk—do, Republic
of Korea)of|A] -J5to] ALGSFITE. $1te] HopirEa(water
extract of Lotus Root, LRE)Z 97| 9J5}o] Al= A1) 104)
of G852 100CollA 3AIZE 52t FZ3150e}.
FZE52 o]7X|(Whatman No, 3 filter paper, Whatman
International Ltd,, Maidstone, England) 2 o1}3t & S0l &
Rotary evaporator (Eyela, A—1000, Tokyo Rikakikai Co.,
Tokyo, Japan) S o]8-5lo] H25}11, 7} 2280 =74 AxXs}
of FLSAAT. oF EeFEEe Bt 570l 100 mg/mL
O] ==& o] Minisart” Syringe filter (0.2 un, Sartorius
AG, Weender Landstr, Germany) 2 A2 & —20Co| A B3

st} Aeol] ukeh 2 s 8j4sto] ARsHiH

High—performance liquid chromatography (HPLC) 4]
HPLC 848 ¢]5}o] LRE(extract of Lotus Root) S H|ERS-
2 A7 10 ng/mL2 WS AZSHT HPLC B4 4
+= Agilent 1200 series (Agilent Technologies, San Jose, CA,
USA)o|H Agilent ZORBAX Extend—C18 A ¥ (250 X 4.6 mm)
= AESIGTE AR U 20 uLE AL, 0.1% 25
ALS H7Fel E(A) T} o EYEY(B) Q] T fufjo] 7] L7)1E
o] (BE&M:5-100%, in 55 min) 1 mL/min®] §& 0 2 A3 0}0“’
o} 3 2ulE 712 9] 7} peak= UV/visible spectrum (200400
nm)of| A EFelskFIct
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59 QI LPS-PGE S8 oA A-SAGoMIE A oiie] 3580 tet Pz o s} fa}

AZujoF U MTIT assay

Q1A X]-&A-5-0A| £+ (human gingival fibroblast) HGF-1
A2 American Type Culture Collection (ATCC, CRL—2014™;
Rockville, MD, USA)oJ|A] RO 10% fetal bovine serum
(FBS; Hyclone, South Logan, UT, USA), 100 Unit Penicillin/
Streptomycin (Gibco™ )©] 3§ Dulbecco’s modified eagle’s
medium (DMEM) ¥iA|& AR5 37T, 5% CO, 271004 vl
Si9ick. LEE Hejo] i AEY2E HES 245 9t
6—well plateo]] HGF-1 A|ZE well & 3X10° cell/well 2 =
T 24A17F 52t HHGFSIAL LRE A e Ae]sto] uj e
kTt 18] 2417 3 LPS-PG (InvivoGen, San Diego, CA,
USA)Z 1 ug/mL.9] 5= 125k ThA] 22417 eesioich
0] 3—[4, 5—dimethylthiazol—2—y1]—2,5 diphenyl tetrazolium
bromide (MTT) A|F& 0.5 mg/mL F5=7} =] A| #]2]ste] 24|17k
ok ujorst, WX A7 F DMSOS 2 mLK Bsto] A
A% formazang: H5 £Q1 & ELISA reader (Molecular Devices,

CA, USA)E 540 nmo| A T3=2 Z431%Th,

Nitric Oxide AJAZF =3

Nitric Oxide (NO)9] %= =42 uljoFoll 9] nitrite =5
Griess Reagent (Sigma—Aldrich Co,)E 0]-83}o] 43|34},
6—well plate®] HGF—1 A|32E- confluent AYE7}A] Bl %Fa}od
LRE 9 LPS-PGE A28 F 24471 5 A vepoles 273}
Act, ujoFiu} £8F9] Griess ReagentES @o] HWFSA|7]1L
ELISA reader® 540 mol| 4] S =5 24515t} NOQ &<
L NaNO; standard curveS ©]-&35t0] A|7 9] s=5 AAkelaL
e ot} UERHSIT,

Prostaglandin E,%} cytokine AJAJ=F &4

LPS-PGE 425 HGF-1 A|ZoA] LRES] %=1 2|9
9J3}t PGE; ¥ TNF—q, IL-13, IL—6, IL-82] ¥%4J cytokine
A TS Prostaglandin Fp ELISA kit (Cayman, AnnArbor,
Michigan, USA)9} Quantikine ELISA kit (R&D systems,
Minneapolis, USA)E ARE-sHo] S451500}. 5L 270014
i el HGF—1 A2 9] vl oS o]-8-510] PGE; X cytokine?]
AY35E AAIE ol whet A 2]3h TS ELISA readers ©|
§5t0] Zk2} 420 nm, 450 nm B A FFE=E S8kl ALt
afo] Lol

Western blot analysiso]] 2|3t gralz] Wia HLA

)% A3z of AdEF9] lysis buffer [25 mM Tris—Cl (pH
7.5), 250 mM NaCl, 5 mM EDTA, 1% NP—40, 1 mM pheny —
methylsulfonyl fluoride (PMSF), 5 mM dithiothreitol (DTT)]
£ H7tete] F HeAS Besloitt. F2) sampleS sodium
dodecyl sulphate (SDS)—polyacrylamide gel-2 ©]-8-8}o] 47|
9= 07 B3t & nitrocellulose membrane (Schleicher and
Schuell, Keene, NH, USA) 2 & electro—blotting®] 2|3] Zo]
AlFch Ba= chzlo] o) E membrane 5% skim milkS
A2joto] H]50| 4] ek 5ol cfat blocking % AAISHL, 1
7} AZ ejskel ARLoIA 241 oA E 4TI over
night A7) R 12} 810 B 23 NS ARgsto] AReol
1/\]7]- XAE H]—.O_}\]?ﬂq- u}.o_o] ILL}
noesence (ECL) solution (Amersham Life Science Corp.,
Arlington Heights, IL, USA)-S 4-8-A|7] T} X—ray filmo]
A7 SRS SoES BB & Aol A
% 3}A|= Santa Cruz Biotechnology (Santa Cruz, CA, USA),
Cell Signaling (Beverly, MA, USA) ¥ Amersham Life Science
Corp, of|A] -}18F3ATt,

enhanced chemilumi—

A A=
% o] = AR A= 33 AR 592 Ao Fl
2 7S B+ 3 Z2HAE JeR 12, Graph Pa
6 (Graph Pad Software Inc,, San Diego, CA, USA)2- 0]-8-5}¢
one—way analysis of variance (ANOVA) test AA|§t 3 Tukey
test® A AZ 1] 9942 ol Betallct

=
Prism

Zn o o
&% 4 9 HPLC &4

LRES 97 $l5to] Al= 57 (180 g)2] 208} sigah= 5
222 100T A 247 BoF &35t P42 82 oy}
A& ofi}5t & 8uiE Rotary evaporatorE o] 8 6}01 L3}
1, =52 4 AXsle] BEUsls
Az 23 27.06%2 & TE2 2 é_‘f?. Oﬂ*i AHE3LRE (48,7
g e+ %Oﬁi} HPLC chromatogram-— =3 LRE_,] AE

o=

A2 flavonoid 3FgHE(kaempferol,
quercetin, 1soquercet1n) polyphenol 3F31E(flavonoids, tannic

acid5), alkaloid (dehydronuciferine, liensine, isoliensine, neferine
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5 5°] Ba1Eo] Qltk(Bae et al, 2008; Jang et al., 2017;
Kim et al, 2010; Lee et al,, 2007), FE3F AY2|&A] A2 3t
A}, AT a9l YA S oAt 5 ot AhE
=)o A QltH(Jeong et al., 2010; Park et al, 2005a; Que et
al., 2006). S}A|RF ARe] FEEo] tigt 2154 WA A=
obz] ® g vz} glof & Aolif=s d¥e] 2EE0] AF9A
Yeleto & def7l LPS-PGE =% A 240l 2 HGF-1
S 9 et fshe] HANEEE 720 ool

N ZAJ£0] u]X|= LRE ¥ LPS-PGE| FgF

LRE 2 LPS—PG Ae]o] uh2 Q1] X &4 §opE5 Hop-1
Az 2] Aol G nIA=AIE 2Isk7] 918k 20, 40, 80
ug/mL &0 LRES 2A)7F B¢t 223t 3 LPS-PG (1 ug/mL)
£ 22/t 53 A 2]siet. T12|al MIT assay & M| AE&

Fig. 1. High-performance liquid chromatography (HPLC)
analysis of Lotus Root extract (LRE).

[ ] W/O LPS-PG (1 pg/ml)
[ ] With LPS-PG (1 ug/ml)
120~ NS

100 — /™ — — — —
80
60
40

Cell viability (%)

20+

0 T T T T T T
LRE (ug/ml) 0 80 0 20 40 80

Fig. 2. Effects of LRE and LPS-PG on the cell viability of
HGF-1 cells. The cells were treated with the indicated
concentrations of LRE alone or pretreated with LRE for 2 h
before LPS-PG (1 pg/mL) treatment. After 24 h, cell viability
was assessed using an MTT assay. Data are expressed as the
means + standard deviation of the three independent experi-
ments (N.S., no significance).
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iNOS & % NO9J Ao w|A]= LREQ| J3F

NO= vj-¢- ¥hg-/do] 2 A AEEAZA A42] nitric
oxide synthase (NOS)9]| 9]&]| L-arginine®| L—citrulline &%
A= o AAETHGuha and Mackman, 2001), Inducible
NOS (NOS)= kol Rl Sieh7} %154 ytokineol
LPS ol ol A8 wrew Ao T s A
B2 ool NOE A4 E11, ol 958 S4Sio] 272)
AL 72 Ao 2 dEA QITHWang et al., 2002; Yoon
et al,, 2015), Wb LRE Aelol] o1 NO 4 A58 27451
7] $181] A2 A S FATHE % 3 511 HOP-1 AES
A A ARl 28 = WkA A2 2 (Porphyromonas
gingivalis)®] W59 LPS-PGE A=A17] 3, NO2| A/ 2}
INOS Thill e kg oF 2 S1sISiTt 1 23} Fig, 3A0A =
= Qo] LPS-PGE W=02 A2|5l51S uf NO7} d 4|51
S7I8FAAL, LRE A2 A] 5= ojEA] 0z st

COX-2 'I@ 9 PGE,9| Aol n|X|= LRES] 3

Prostanoidi= YA 3/ Aol B askARt, 2}5F9] pros—
tanoid AY/g-> NOS} H|S=61A] HEHh-a-& 7RESIAIA thaget
o=A] 21HS of7|A]7]al(Needleman and Isakson, 1997;
Ren and Torres, 2009), ¥=3F COX—-29] W32 PGE, A4S
ZAMAITY, ofei N ATEE TAS PSP fE
HGR—1 Ao PGE, A1 % COX—2 Ehib WHlop e 5]
stolch 1 A7} LPS-POE BEO2 AelsAS o A
571 PGE, A/d0] LRES A =3l & o 5le 24 02 1t
51905, COX-2 Wl QP4 oJA] 2l olAlel A8 o
QI 4= AITh(Fig. 3B).

454 AOIE7119] Ao] ulAE LRES) 3

M327t LA 59 F ol sl Blg/dA e s SAekEH
INOSO]| ©J3F NO AY/d 3} COX—2¢] 23t PGE,2} 2= A5 7H
QA2 A4 2719k 7 5 AoliE7lale] A ESt 7k
CHFeghali and Wright, 1997). WehA] & d3Lo| A= LPS-PG
off 219 TNF—¢, TL-16, IL~6 3 TL-82} 2 th 291 H54
Afo] E71Q19] AAdof| 1] 2= LRES] F3a ARSI & A
2] Z3jo] OJshl LPS-PG T H2lo] ofs) A4 Aol
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n B)
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0 2000
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i atall ﬂ L0000 ﬂ
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C) D)
- -t &+ LPSPG(1pg/ml) - -+ + + &+ LPSPG(1pg/ml)
- 80 - 20 40 80 |RE(ug/ml) - 80 - 20 40 80 |RE(ug/ml)
‘ — — u‘+ iNOS ‘ — — — —-‘-—cox-z
e et [ ———— - rcin
= " 1 W/O LPS-PG (1 pg/ml)
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= =T 08 —
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2808 & 06
¥ R 0.4
g g 0.4 E é .
ZE 02 <202
. . . 0.0

00 1L
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LRE(ugml) 0 80 O 20 40 80

Fig. 3. Inhibition of NO and PGE2 production by LRE in LPS-PG-stimulated HGF-1 cells. The cells were pretreated with the
indicated concentrations of LRE for 2 h prior to incubation with LPS-PG (1 zg/mL) for 24 h. The levels of NO (A) and PGE2 (B) in
culture media were measured by Griess assay and a commercial ELISA kit, respectively. Each value indicates the mean + SD and is
representative of the results obtained from three independent experiments. (C, D, E and F) Cell lysates were prepared for Western blot
analysis, with antibodies specific for murine iNOS and COX-2, and for an ECL detection system. The experiment was repeated three
times and similar results were obtained. Actin was used as the internal controls for the Western blot analysis, respectively. The
significance was determined by the Student's t-test (*p < 0.05, compared with control; #p < 0.05, compared with LPS-PG).

A) B) C) D)
1 W/O LPS-PG (1 pg/ml) 1 W/O LPS-PG (1 pg/ml) 1 WO LPS-PG (1 pg/ml) ] W/O LPS-PG (1 pg/ml)
[ With LPS-PG (1 pg/ml) 1 With LPS-PG (1 pg/ml) 1 with LPS-PG (1 pg/ml) [ With LPS-PG (1 pg/ml)

1500 - . 600 . - 1200 ’ g 1000 ]

£ 1000 2 a00 2 800 -
E] 5 £ E 600
S a £ 600 g
= a & = 400
< 500 I, 200 400 4
= 200 200
0 0 0 0
LRE(ug/m) O 80 0 20 40 80 LRE(ug/ml) 0 80 O 20 40 80 LRE(ug/mi) 0 80 0 20 40 80 LRE(ug/m) O 80 O 20 40 80

Fig. 4. Effects of LRE on LPS-PG--stimulated cytokines production in HGF-1 cells. Cells were pre-treated with the indicated
concentrations of LRE 2 h prior to incubation with LPS-PG (1 yg/mL). After incubation for 24 h, the levels of TNF-« (A), IL-153 (B),
IL-6 (C) and IL-8 (D) present in the supernatants were measured using ELISA kits. Each value is presented as the mean + standard
deviation and is representative of results obtained from four independent experiments. The significance was determined by the
Student's t-test (*p < 0.05, compared with control; #p < 0.05, compared with LPS-PG).

71219] Aol Aol Hlste] WASHA S7ekgic, ek IL-69] Aol eSS IL-89] A1 ejAlel o}l o

LRE®] t}oF3t 5%=(20, 40 2 80 ug/mL) 2 A 25t 7ol A= 3k 1|2 7] ekokrh(Fig. 4).
A2] = Q&4 02 LPS-PGO]| of8f $7He TNF—¢, IL-13 %
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NF—«B A3 A G A ] u]x]& LREQ] 4 B AF o] A= LRE7} LPS-PGE S %5 NF—«BQ] LA A

LPS-PGo]| 2J3] G-=% iNOSQ} COX—22] Itd L o= 0l p652] 21AI3}E western blot 0.2 E-A81%t) 1 A7} Fig,
ARSI NF—«Be]l &Jsfi w7l Elt), o] @5 HARIA= ﬂ:‘? 5BO| A H= o} ZFo] LPS—PGe] oJsf] =¥ p652] A7}
ol 23] Felj = EASH}7F NF-«B2] subunit 5 LRES]| oJ} &5 oE24] 0= sk Zle R1e 4= QlSle)
7} ¢lA13}E| o] EAJSlE|H &l E o] E5ke] A7) ¢l ]—— ESENF—B2] W& Z71= TLR4 Y myeloid differentiation
9] AL 93t 8- ARE AAEHA| Elth(Fujihara et al., 2003). factor 88 (Myd88)2] =712 EHlslo] TLR4 Al A 12| EAdo|

e

CD
at

A) c)
[ TLR4/ Actin
LPS-PG (1pg/mi) [] MyD88 / Actin

35

0 2 4 8 16 24  Time(h)

R e BRI
| - - - vy0es

[¥]
!

(TLR4 | MyD88)
N
;

Arbitrary unit

0,
LRE(ugml)0 80 O 20 40 80

LPSPG (1pg/mi) - - + + + +
B) D)
[1 p65 / Actin
0 0 15 30 15 30 Time (min) [ IkB-a / Actin
+ - - + + LRE (80 pgiml) 2.0
+ + + +  LPS-PG (1 pg/ml)
. = _ 154
] > E
E . s 10
= ‘ Nucleolin F=I
5 ©

° = < = 0.5
S || ——— —--‘ma-u ﬂ H HH ﬂ
2 0.0l rl. : : . ‘
G T — — —— — ‘ B-actin LRE (ug/mi) 0 80 0 20 40 80

LPSPG(Ipgm) - - + + o+ o+

Fig. 5. Effects of LRE on the LPS-PG-induced expression of TLR4 and NF-xB in HGF-1 cells. After 1 yg/mL LPS-PG treatment
with or without 80 xg/mL LRE for the indicated times, the nuclear and cytosolic proteins were isolated, and the expression of
TRLA4A/MyDS88 (A and C) and NF-¢B/IxBa (B and D) was determined by Western blot analysis using an enhanced chemilu-
minescence (ECL) detection system. Nucleolin and S-actin were used as internal controls for the nuclear and cytosolic fractions,
respectively.

A) B)
[ NQO-1/ Actin
1 Nrf2 / Actin
3_
-+ + + + LPSPG(1pgm) .
80 - 20 40 80 LRE(ugmi) 'Eg 2
>Z
‘ -.—-———‘enom Z3
23 44
< 2
‘ - @ o ‘«— Nrf2 <
|- —————— o
LRE(ug/ml) O 80 O 20 40 80
LPSPG(1lpgml) - - + + + +

Fig. 6. Effects of LRE on protein expression of NQO!1 and Nrf2 in LPS-PG-stimulated HGF-1 cells. Protein expression levels of
NQOI and Nrf2 by LRE were analyzed by western blot analysis. All signals were normalized to protein levels of Actin, an internal
control, and expressed as a ratio. Data represent the mean + SD of triplicate experiments. Actin was used as the internal controls for
the Western blot analysis, respectively.
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A5 At LPS-PGR =g A A2 frotA|aofA] Qite] FEzof did 95 % st avf

T2 p6e52] ¢kl o] 8 Y= o] 55}o]

He gk A Bol Shele Ao

Azl S1Ee)
A= HFig. 5).

NQO-1/Nrf2 A 2E %3 LREQ] 343} a3}

A= 7 4:91 24F f A(phase 1T enzyme) 2] W& 2ol 2]3)
Aol A= APATE2 Ao & Aol = 274
# 4 % 310l NAD(P)H quinone dehydrogenase (NQO)—12]
W&o B35t Yang ef al, 2015). Fig, 604 R nvlel
] LPS—PGo]| 23] 7-4E2E NQO-1 3 HA= LRE #2]o|
oslo] T AEA o' FToh= Zhe FAUS = AT E5F
24} T A0) ZARILRl Nrf2l] 84 Tdl i o]&A 07 S
g AL skt & Y] A} LRES LPS—PGo] 28

A E A TLR4/Myd88/NF—xB2] &l 243
miAEE 2 G5 Aol E7RI /S At
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