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Abstract — Periodontitis is a chronic inflammatory disease and gums pull away from the teeth and form spaces. The main goal
of treatment is to control the infection and anti-inflammation. Eucommia ulmoides Oliv. Bark (EU) is a traditional Korean
herbal used for the treatment of arthritis and hypertension. In the present study, we investigated the anti-inflammatory properties
of EU in Porphyromonas gingivalis-LPS (LPS-PG) induced YD-38 epithelial cells. We observed significant inhibition of nitric
oxide (NO) production and the expression of interleukin-8 (IL-8), interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a),
cyclooxygenase-2 (COX-2) in LPS-PG-induced YD-38 cells. These results support that EU has an anti-inflammatory effects

for the treatment of periodontitis.
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10% fetal bovine serum(FBS) (GIBCO, Grand Island, NY,
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), A= 37°C, 5% CO, incubator(Thermo, Carlsbad, CA,
USAPIA 8%ksIsith. LPS-PG(InvivoGen, San Diego, CA,
USA)E AH&-3k3AT
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=& @FHE AHKMD medicinal herbs, Korea)oll 4] A
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E 39.58 mgoll 50% ofehe 10mlE ¥& § sE7F 229
%2 % (.22 um HLB-M #E#¢] ZE|(FUTECS, Daejeon,
Korea)ste] Aoz ALt 720l e 8 A%
2 geniposidic acid, geniposide®]T}F. geniposidic acid
(PubChem CID:443354, purity 98.2%, Wako, Osaka, Japan)
= 9 2.14mgol] v H-2(Honeywellinternational, Morris
Plains, USA) 10mlS ¥ & 587 2239 &5 %
0.22 um HLB-M ®WX.#|2] & (FUTECS, Daejeon, Korea)
3lo] geniposidic acid E=H 0 2 ARE-3}A T} geniposide
(PubChem CID:107848, purity 98.3%, Aladdin reagent,
Shanghai, China)= ¢F 2.09 mgel| o &-&(Honeywell-
international, Morris Plains, USA) 10 ml& ¥& & 587F
229 3% ¥ 022um HLB-M ®EH< ZE 3}
geniposidic acid EFH 02 A3} 48 UPLC=
Waters system H ClassE AF8-3F%13L Waters Acquity
UPLC HSS T3 column(100 mmx2.1 mm, 1.8 um, Milford,
MA, USA) 2 48 Ad o7 ARSI} o5 &=
0.1% TFA(A) 2 Acetonitrile(0.1%TFA, B)S AF&3I3 <
o, o FETHIE 0->208(5->80%, B)oITt} &S
0.5 mL/min, ¥ %= 30°C o7 &2 240 nmolA]
T35t

M=z MZEE -I} - YD-38 AEZ 96-well platedl] 1x10°
cells/welle] =E5 53] 37°C, 5% CO, incubatorel] 4]
2477 EF M F EU FE3E2 FEEE Agsie] 24
AIZE e eFsidth. ME AEE H7HE 915k welld 10 uL
o] 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide) MTT; Sigma-Aldrich CO., Louis, MO, USA)%&
A5 5mg/mL F7Fste] 4717k 5t WREAIZITE MTT A
oFo] 712 AAE formazang 350]7] 1814 dimethyl
sulfoxide(Sigma-Aldrich Co.)E 100 pLA H7}stal 14]7F
<% microplate readerg ©]-8-3t 517 nmol|A] FEEE S
gt

Nitric Oxide (NO) #Ms - YD-38 AIZZE 96-well plate
o 1x10*cells/welle] H =S 335t 37°C, 5% CO,
incubatorel] 4] 24A17F Ft vl & XS I5S FF
A717] 9138 Pgingivalis-LPS(LPS-PG)2 20 pg/mLe] &
L2 Agst 45s F2 AYIAL EU FEEs s
= Asigint. 2447 Foll w35 100 pLE F5t
o] 96 microplate= &7l ¥ 100 pL Griess Reagent(1%
sulfanilamide, 0.1% napthyl-ethylenediamine dihydrochloride/
2.5% H,PO)E WL 1037 A-20l4 WA gk $ ELISA
readers AME31) T4 % 540 nmeollA 24314 Sodium
nitrite FEAFHOZTE FFE US Yol NO WS
Arksiint.

RNA £2| - YD-38 Al £Z 6-well platec]l 1x10° cells/
welle] H=5 25351 37°C, 5% CO, incubatorolA] 244
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7B F AFAR 4SS H2A S8 P
gingivalis-LPS(LPS-PG)YS 20 pg/mLe] == *zZ|3le] &
T= L AIAL EU F585 s == A2 244
7k ol PBSE 23] A3 & RNAE FZ317] flsle] Trizol
reagent(Invitrogen Co., Carlsbad, CA) 300puLE YL
scraper® Ko} A § 2ol 5E7F W] F tubeol]
22 5 chloroform(Sigma-Aldrich CO., Louis, MO, USA)
S 200 uL EF3ke] o] 12,000 rpmollA] 15871 4]
e gt TR 4SS Fdk] AR FHEO &30 o
& &Y Y9 isopropanol(Sigma-Aldrich CO., Louis, MO,
USA) 200 pL 3L 410l Fof| Ad2eA] 587 =g

& 12,000 rpm o2 15%7F Y42 E ST pelletS
o1 3 F gAS ol F 75% olekeS 1mL ¥ol Al
3L 12,000 ipmoZ 10%7F AR E S F eSS
AASIAL o] AHS 28] WHE F o234 3] A A8t
71 €18 Hood MlA pelletS @2 & DEPC-Water(Sigma-

Table 1. Primer sequences of the Real-Time PCR
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Aldrich CO., Louis, MO, USA) 20 uLE ¥°|5 3 nano
drop9ll RNA 1 pLE 260 nm, 280 nmol| 4 ¢ 3 EE =
3l total RNA %2 A3t

Real-Time PCR —RNA«= 2 pg/ule] 4o2 A7 3t &
cDNA synthesis mix 4 uL, RTase 1 uLE %3 nuclease
free water® 20 uLE SYEF simpliamp thermal cycler
(Applied biosystem, USA)S o]-8-31] 42°CollA] 30, 72°C
oAl 1027 WFEAIA cDNAES FdAIZTh 2 5 cDNA
9} ROX7} 3Z3HE 2x SYBR green mix, primers 2H7; 9
o] quant studio 3 real-time PCR(Applied biosystem, USA)
71715 ©]&3F3lth PCR 271 50°C 2%, 95°C 1047
pre-denaturation & 95°C 15%, 60°C 1%, 72°C 40%E 40
cycles 343133t} Internal standard® GAPDHE A}g-3l<q
target gene®| relative quantitative (RQ): real-time PCR
analysis software=. -2 3} TH(Table I).

SAXE| - AF Aa= 33] WEsidien, 7R thaEAl

Forward (5'-3")

Reverse (5'-3")

COX-2 CCTTCCTCCTGTGCCTGATG
IL-8 AAGCTGGCCGTGGCTCTCTTG
IL-6 AATTCGGTACATCCTCGACGG

TNF-a CCCCAGGGACCTCTCTCTAATC

GAPDH AGGGCTGCTTTTAACTCTGGT

ACAATCTCATTTGAATCAGGAAGCT
AGCCCTCTTCAAAAACTTCTC
GGTTGTTTTCTGCCAGTGCC
GGTTTGCTACAACATGGGCTACA
CCCCACTTGATTTTGGAGGGA

Geniposidic acid

240 nm
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Fig. 1. UPLC chromatograms of Eucommia ulmoides Oliv. Bark (EU) extract. Column,Waters Acquity UPLC HSS T3 (100 mm x
2.1 mm, 1.8 um, Milford, MA, USA); column temperature, 30°C; mobile phase, water (0.1% phosphoric acid)-acetonitrile as
mobile phase in gradient manner (0-20min, 5-80% acetonitrile; post-run time, 5 min); flow-rate, 0.5 ml/min detected wavelength:

240 nm.
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Ad = HAg+EFH 2 (mean + SEM)E YERNA L,
o] F52 #p<0.05, *p<0.059} **p<0.01Z Student t'-test
AA WP AFNE FAEA

i :\o

Z2t 9 T

XNEME B4 HI -HPLC ¥447 559 AL
geniposidic acid®] T 6.07% geniposide® 2
3.31%C13tHFig. 1).

MTT ME HEE 55 -
37] 918l YD-38 A3l EU—Z,%%Q 50, 100 pg/mL2] &
T® A2 & 2477 Foll MTT &5 o] &afo] Al A
&S BUFeItHFig. 2). EU F&25 2R Agst
As Wl FH WsF EhA] gkem® YD-38 A
FAIES] AlZ=A0l YIS PIAA] 2 AoR FHEh

NO =8| N0 ofst &¥E s - = s
&= NOE F& LPS Fi= TNF-a 59 9% #2 E49)
o) Al=E A2V 45S FEE o BHlete 9%
m7iEd 2 gt o]k 22 NO2| A3 L-arginine
9] guanidino nitrogen®] AF3}ol] 2J5) L-citrulline® = H3}
3= L-arginie-nitric oxide 425 F3lo] A=, 2
A, S5 5] WM ES} AfRAE, 3o Fo2,
2 7= I A EZo| &= inducible nitric oxide synthase
(iNOS) &49] Aol <Js] NO7| ofF A= d5 Wt
5 S7PIRITAL 4 A Stk & dAFolXE EU 5=
ol FHF BIE s flste] AFES NN AFHF
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NO 47| FHase AL gRIskItH(Fig.
3). MTTZ A E54E 92 & F A5l gle ¥
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A= Z37F A=A Rl

XFEeto| HBY AO|E7IQ FTXe] W - X532
3ho] Pl dofshs A5 EZQ LPS-PGE A|FA 2]
YD-38 A&l sl d5S 2 3 F EU T2
SR e At AFEee] dEE 954 AllETL
¢19] mRNA IS RISt X2 gt AdE 954
Al E7I0IC 2= [L-87 IL-6, TNF-a, COX-2¢} F5uh7H
o1z d#zl NOAS dAIge=H EUe &% gt
£ gtz skt Sl g M =<l LPS-PGl| o)l
=7k 1L-8, IL-6, TNF-0, COX-22] 23S EU &% A
YAtz tiY] ZdaA7e A3E JERATtHFig. 4). &
AF e AR SlEgAlEe] 95 EU FE=0°| 7H2A %
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Fig. 2. Cell viability of Eucommia ulmoides extract on YD-38
cells. cells were treated with EU 50, 100 pg/mL for 24 h. Cell
viability was determined by the MTT assay. Values are mean+
SEM (n=4).
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Fig. 3. The effect of EU on the production of NO by YD-38
cells in the presense of LPS-PG YE-38 cells were treated with
EU 50, 100 pg/mL in the presence of LPS-PG (20 pg/mL) for
24 h. The 24 hrs-conditioned media were collected for NO,
assay. The results are mean+S.E.M of triplicated from a rep-
resentative experiment (#p<0.05; significantly different from
the control, *p<0.05, **p<0.01; significantly different from the
LPG-PG-treated group).
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Fig. 4. Expression of IL-8, IL-6, TNF-a, COX-2 mRNA by real-time PCR. YD-38 cells were treated with EU 50, 100 pg/mL in
the presence of LPS-PG (20 pg/mL) for 24 h. The control group was cultured without LPS-PG. The levels of IL-8 (A), IL-6 (B),
TNF-a (C), COX-2 (D) mRNA expression were measured by quantitative real-time PCR. The expression was normalized as a ratio
using GAPDH (house keeping gene). Values are expressed as mean+S.E.M of triplicated from a representative experiment (#p<0.05;
significantly different from the control, *p<0.05, **p<0.01; significantly different from the LPG-PG-treated group).
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