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Bacterial lipopolysaccharide (LPS) plays a major role in stimulating the synthesis and release of
the principal osteoclast-activating cytokines, namely, interleukin 1 and tumor necrosis factor-«
from immune cells. Although monocytes/macrophages are the main producers of these cytokines,
recent evidence has indicated that polymorphonuclear leukocytes (PMN) have the ability to release
IL-1 and TNF-a. Calcium hydroxide has been shown to be an effective medicament in root
canal infections, reducing the microbial titre within the canal. It has been proposed that the ther-
apeutic effect of Ca(OH)2 may also be the result of direct inactivation of LPS. The purpose of this
study was to investigate whether treatment of Porphyromonas endodontalis LPS with calcium hydrox-
ide alters its biological action as measured by human PMN secretion of IL-1 and TNF-¢, and it was
compared with Escherichia coli LPS.

P. endodontalis ATCC 35406 was cultured in anaerobic condition, and LPS was extracted using the
hot-phenol water extraction method and purified. Purchased E. co/i LPS was also purified. 100
1g/ml of each LPS in pyrogen free water were incubated with 25mg/ml Ca(OH)z at 37C for 7 days.
The supernatants were subjected to ultrafiltration, and the isolates were lyophilized and weighed.
PMNs were obtained from peripheral blood by centrifugation layered over Lymphoprep. The cells
were resuspended (4 X 10° cells/ml) in RPMI 1640 followed by treatment with various concentra-
tions of LPS (0, 0.1, 1, 10uxg/ml) for 24 hours at 37T in 5% CO:z incubator. The supernatants of
cells were collected and the levels of IL-1«, IL-18 and TNF-a were measured by enzyme-linked im-
munosorbent assay.

The results were as follows:

1. The levels of IL-1a, IL-13, TNF-« from PMN treated with each L.PS were significantly higher

than those released from unstimulated PMN of the control group (p<0.05).

2. The levels of all three cytokines released from PMN stimulated with each calcium hydroxide
treated LPS were significantly lower than those released from PMN stimulated with each untreated
LPS (p<0.05), while they were not significantly different from those released from unstimulated
PMN of the control group (p>0.05).
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treated LPS (p>0.05).

endodontalts, cytokines

3. The levels of secretion for all three cytokines were affected in a dose-dependent manner in PMN
stimulated with each LPS (p<0.05), but not in PMN stimulated with each calcium hydroxide

4. The levels of all three cytokines released from PMN stimulated with P. endodontalis LPS were sig-
nificantly lower than those released from PMN stimulated with E. coli LPS (p<0.05).
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1. P. endodontalis 2| B

AR AVRH AT Porphyromonas endodontalis
(ATCC 35406)2 #%E 5% 7HE 89, 5ug/mle)
hemin¥} 0.54g/m] vitamin Kio] X3 ghxujz]of]
F3ted 37C #7148 Al Wi g7)oA 5~TL3E v et
o £ Fed & @ JEge s o2 VtE 9 B
5pg/ml hemin® vitamin Ki©] #7}2 Brain Heart
Infusion(BHI) broth (Difco, Michigan, U.S.A.)<|
AFsla 37CY #8714 221(85% N2, 10% He, 5%
CO2) 8ol A st = 47T, 10,000x g4 15
w3 AR SRFE A U AT & sEd=x

g 4=
2, LPS F&
LPSS #%<& hot phenol-water extraction

method®'& AM&-313i T}

SAUZE P. endodontalis(1g)E pyrogen-free wa-

ter 35mldl FHA1Z F 90% phenol 35mlE #H7}3}
o, 70°ColA 1583 E¥stat, 4¢, 10,000 g4 30
B2 9482839t Aqueous phases ¥E3hd o}
2 B335 phenol phase$t insoluble precipitates
& 35mlZ A =319} Aqueous phase?] ZIELS
AEAA 347 F/HFA FAMWCO, 3500)47]
I FAAZINT

Escherickia coli LPS(0111:B4, Sigma Chemical
Co., St Louis, MO, USA)E AE3d A& Fuljgo]
AR&-8HATH,

3. LPSel FH|

Koga 59 W& A3l LPSE At &
Crude LPS(1g)& 100ml¥ pyrogen—free waterell 4
FAIZ13, 4, 100,000 X goll A 3A1ZE B<t LA+
st} o] pellet& 0.1mM ZnCl29} 400ug nuclease
P1(from Penicillium citrinum, Amersham Life Science,
Cleveland, OH, USA)< ##3l= 10mM Tris-
HCI buffer (pH 7.4) 20mloll FHA1AH 37TClA
16212 Bt WA T, O 5, A20A 24413 B
ZF9 F4(MWCO, 3500)8 F pyrogen-free
water® At YA § FAAXANA. §4
AzE LPS(Img/ml)E 2mM CaCl29} pronase
(Boerheinger Mannheim GmbH, Mannheim,
Germany) 1lmg® #3l= 0.1M borate buffer
(pH 7.4)ll F-RAIFHEE o] EFES 37CeAA 2443t
<t incubationdt 3 100CoA 583 71gsta AL
oA 24417t Bt SFG FA(MWCO, 3500)38 &
FAAZIIIY.

4. LPSe| AH

1) SDS-PAGE

12% Tris-Glycine gel(Novex®, Invitrogen Co.,
CA, USA)< o|&3l9] SDS-PAGEH & Al&38t5ith.
marker$®} P. endodontalis 1.PS, E. /i LPSE Z+2+
sample buffer(Novex®, Invitrogen Co., CA, USA)
o} & % pre-cast gel® & wellel ¥ running
buffer(Novex®, Invitrogen Co., CA, USA)7} ¢l
= A7|GFZA oA 125V, 40mA 314 dfoll 2A17HE
S+ £t

2) Silver Staining

silver staining kit{Intron Biotechnology, Korea)
£ o] &3t a9k, H7] 4BE gelS FEI 4
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o] FFroll B3, A4 1083t incubationdt ¥,
fix solution& ¥ 3 53} incubationdtdtt. FH4
2 FAg & staining solution®A 20%3} incuba-
tiondtx THAl AE F SFGolA 1087 incubation
stk 2F5E vlgl 2 developing solutions 7}
3t 3 band’} Y& w7bA] 15-208 % = incubationd}
%ﬂx‘ﬂr A31E band”t Y& F developing solution®
W] A7}l stop solutions HT#H H7Isted WS
ZFAIAT. gel dryersd AZ WA 5 o] &3lo] gelS 7
ZA712 282 B

b. LPSe| itstzts X2l

Z} LPSE pyrogen—free waterol] 83A1AH 100pg/ml
7 HA & & g2tads £9 (Sigma Chemical
Co., St Louis, MO, USA)E 1ml% 25mg® H7}A]
A 2397 sttt 2E sample& 20%7t vortex 3
F 37CAA 743 BAS o, °] 717b&<t el
AR 2027t vortexstATh 1 ¥ AFAE ultra-
filtration(Centriprep® YM-10, 10,000 NMWL,
Millipore Co., USA)3t LPSE %3 & 541%
3kt

6. Clagidigso| £

A73% 692 AYAH26-354)) E 2 € heparinized
tubeE ©] &3] ANF S A AHE 4L
6% dextran(Mwt. 500,000, Sigma Chemical Co.,
St Louis, MO, USA) sedimentation& A+ &¥

g Edsta, Lymphoprep(Nycomed Pharma
AS, Oslo, Norway)2 o83t 94 & W7
£ den ol e HE T+ hypotonic lysisE Al
gat] A At o] WHOR FEI P IYWI L=
Trypan blue dye exclusion test®} Giemsa staining
< 59 353 A3 98% olde] &Y} 97% )%
9] £2 & VeI

Aozl EE-L 100U penicillin/ml, 100sg strep-
tomycin/ml, 10% heat-inactivated fetal bovine
serum(FBS, Amersham Life Science, Cleveland,
OH, USA)-% &3 RPMI 1640(Amersham Life
Science, Cleveland, OH, USA)d| ¥HAIA &
432 98l Fulstoh.

7. A@ze| 27 (Table 1)

P. endodontalis 2 E. coli LPSE Zyz} Aatsldg A
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o T3 AelelA ¥ T2 BRE F, 44 LPS
£ PBSY $3lAA F=(0.1, 1, 10/ml)ell w2} A
2319} A G AWE TS welld 1ml 4 4x10°
cellsol HEF 24well plated] ¥ F Z47re] LPSE
111;41 A A7kt HF 5271 0.1, 1, 10pg/ml7t &

£ slgon, dzFdE LPSgle] PRSI H7tst4
u} o] % 37%C, 5% CO2 2 A ul¥alg oy, 244)
FE 7 FEO| GEAE dojulo] 70Tl Bl

8. Enzyme-Linked fmmunosorbent Assay (ELISA)

FHE 43942 247t human 1L-1e, [L-18, TNF-
e ELISA kit (Quantikine®, R&D systems,
Minneapolis, MN, USA)E ©]&3ld B},
WA AZAA A)F3 standard st EE-E 2004 2 mi-
crotiter plate®] Z} wellol B3 adhesive strip2 & @
o] A &dx 2413t £<F incubationAlZth. 2417 &
plate® A& bufferg ol-&sld 33 AH3Htt.
22 7} cytokineoll tid conjugateE 2004 A& well
o H7tsle] Ao A 1A17F F<F incubationAlA 33
ARt 1A F Zhzkel welloll 712842 2004 A
go} 2087 WA gy W& FAA7)7) 98
stop solution= 50u 2 A7FF & 30% W] ELISA
Reader{Thermomax., Molecular device, USA)E
plate well®] A&Fo|A 74 BHE3l] 450nm
o412l optical density(O.D.)& &3 3ttt 534

Table 1. The treatment groups used in the experiment

Coneentration of

LP8 Sample N
LPS{pg/ml) e 0
10 6
P. endodontalis 1.PS 1 6
0.1 6
10 6
CalOH)2 treated ) 5
P. endodontalis TPS
0.1 6
10 6
E. coli LPS 1 6
0.1 6
10 6
Ca(OH)2 treated ) 6
E.coli 1,
@ LPS 0.1 6
Control 0 12
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standard®] 0.D.¢} A|F ¥ standard®] =2 logak
oz gdate AN FAMNE wEn, 4 T
O0.D.#& st 3 =& 44,

9. SAIXz=

SPSS(ver 10.0) B4 & program$ AH&3to]
Kruskal-Wallis Test$} Mann-Whitney Test® 2t &
ke cytokine FE9] Aol & FYFE p=0.05 ol

2T,

ol

I. 4

HAY

1. LPS2] A (SDS-PAGE)

o n(p<0.05), E. coli LPSE A=¢ T $jul 3 o]
A BB E Al 7HA cytokined] £F 2L &9 P
endodontalis LPSE A=9 FolA Bt} f2XAUA A
e THp<0.05).

FAsig AelEA e 77k LPSE ASd o
AW N BHHE [L-1a @ [L-189 +F&
TNF-e9] =F1E0} A3 UA =4 vebsem (p(0.05),
IL-1a¢} TL-1p9 5 9T g 2ol7) At
(p>0.05).

Favelds A2 Q P endodontalis D E. coli LPSE &}
S Al oA FH|EH = Al 7EA] cytokined] &
T FlsdE AEEA g2 LPSE A= 72 &

LPSE SDS-PAGEZ #3831 silver staindt 23}, - 200a
ExZ0] Alde|Roke] RE Holn . P endodontalis 1.PS )
€ 31kDa %99l 49 band’} YebtH(Fig. 1). oo
2. ELISA o 3 5408
+ 31kDa
™ | 215KDa
7-1 /é E‘oﬂ ‘1 ;75% 7—]'7—]'-0'] cytokine < Table — i‘lA.AkDa
2 2 Fig. 2, 3, 49 £}, ;
. o - ot 6kDa
L. ma’od’onlalls ‘gl E. cols LPSE Z}-—E'L%]‘ E]-'%] zﬂ‘] ]él'l g? Standard P. endodontalis LPS E. coli LPS
A EH == [L-1a, IL-18 & TNF-e2] 32 LPS
2 AFHA @& a2z L £ ¥ e Fig. 1. SDS-PAGE of LPS.
Table 2. Mean concentration of cytokines (Mean £ S.D., pg/ml)
LPS Congentration of lL-1e 118 TNF-a
LPS (ug/ml)
10 260.92+89.81 221.73+£69.17 70.11+21.21
P. endodontalis 1.PS 1 115.79+38.68 108.56+30.10 55.23+14.66
0.1 53.52+21.19 47.43+20.09 32.60+9.81
Ca(OHD)s treated 10 9.20%2.51 9.22%£3.39 12.78+4.15
2 reate 1 9.01+2.65 9.04+3.00 11.67=3.62
P. endodonralis 1.PS
0.1 8.99+2.56 9.20x£2.62 12.31£3.64
10 598.29+£163.13 542.66+165.74 217.24+£92.07
E. coli LPS 1 265.65+98.54 245 58 +85.26 112.32+47.88
0.1 163.96+56.51 138.47+57.51 74.51+£23.75
10 10.33+4.68 10.12+5.41 12.66+3.84
Ca(OH)2 treated
. 1 9.32+3.47 11.16+3.63 12.85x4.31
E. coli LPS
0.1 9.28+2.05 9.41+4.41 12.92+4.05
Control 0 8.34+2.82 8.72+3.04 13.68+3.61
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Fig. 2. IL-1« levels in supernatants of PMN
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Fig. 3. IL-18 levels in supernatants of PMN
stimulated with each LPS.
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IL-1ra, IL-8, TGF-A1 5% & thd cytokined
At B0 4 ke Ao WA, &£ 47
M= AN L= Foi FEY LPSY Aol o
3 Wh8-0 % cytokined] #H|7} S, o)A
oo weEl I 33 E RAFQY. o)L g
Q10| P. endodontalis R E. coli LPSE A=24 3 sy
7= IL-18, TNF¢, [L-1raZ A& = U2 @
WA mRNA Fol A FEste] Eugh A7 GX
= 298 JeY, g3 dmEdTE A 2 A2
FZNAM A EETD BN 22 #71 SAEtRE, ¢
FAWY ot Yiste 4F4 cytokineo] X5 & A
THAZAM T8 GTE & Aoz YAH

P. endodontalis®] LPSol| &3 A& vl o o]
FolA|7] A& e, Ogura 549 g2 A2
@ FFolN Beld P endodonralis®] LPSE AAME o
2 X FHAF LPSEY 40| Zbat X3t Al
XE AT IL-65 FHAIIBZE A 3 A2
oA Udetute 2 59 9459 19 23 98
< @ Aojgtn B3ddtt. Hosoya 0L P. en-
dodontalis LPSe XA EE AF3t [L-6 2 IL-18
g oA o]B e A4 2 A2 F3A EFe
g 23 9gS & Aolgkx A}, mEtA] B 4
Tl Me FAkslzge] LPSe X & 93-S dolry)
$\&% P. endodontalis LPSE A3t ow o)A S & &
24 Ue E. coli LPS vl st & AF2] 2o
X P. endodontalis LPSE BRI BEFE A538k cy-
tokine2 AAHetE= S8 o| E. ol LPS B8 o314

[SURKR-)
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R}, o]AE F Aol LPSY 3dhd 1271 g2
7] W &°]9, BPB LPS9 lipid A& enterobacterial
LPSe A7 T fatty acidsE E&3IH ©]2] g o]
F2 EA4o] et €A kY. Yoshimura %
3} Matsushita 5= BPB LPS+ E. c/i LPSdl| H]3]
AN AL ko cytokine ¥H|E op7] ¥t Euit vl
ok ey FiskE Agd F A LPSE BF =
Jo] AAHA GFANYLE (T34 Rdte A=
AP =AU

B A F&£3F LPSE AR5 A5t SDS-
PAGER ¥-83} 1 silver staing Al3id 23}, 31kDa
599l th4=9] band7F VEFstTE ©| A& Hanazawa 3
o] P. endodontalis®] 1LPS7} AE Q] ¥HE9] Jadder B
HE Bltke Bu¢ fAKH Eidhin? Mouton™, 11
2l 3 %] LPSE A7) $13l SDS-PAGES} sil-
ver staing Al Aoz FABIATH

B ool 23 LPS %2 0.1-10/mlZ 5o
o o] AL 2ghfd| EAISHE LPSS] 57} 0.1~10u/ml
Arde BaE AR & Aol Schonfeld 5
& 22 Yol Sl 239 WS4 (endotoxin,
LPS)9 EAE &A38l, dF°] & A2 FolF =
A9 75%NN WELV} EAA N, GF°) e A2
@ @Eo|u x| 2k rE 2 20%0A T Y EA
7F EAZTa st e, ysA EAE 229 945
I3 =& AFTA} vk skt Horiba 5°9& 74
g ZFAA JAET WEL & ARl FBBAE
ZARIR om | Fato] 9lE Xoket F4te] fle ol
A WELe e 47 8.0ug/ml 9 0.74g/ml 0] Tha
Hasle Fo) e Aote g2 Y WE5LE X
gttt 8tEth. Yamasaki 5902 9 4d7 x|
o WA AlZko] Aol whet 5429 ko] FUHEH
< Bystgr}.

2 A¥M LPSE islZgEo 2 Agste 71te
72 E 39} o] AL Sjogren ¢ ATolA 4k}
Ao FFERE o)A TBY| 23 7Y 0T ¢
o] £A< uf 7HF AR 0|ql Tk x| & Aolth
Az o2 100pg/mle LPSE ¥3td FAsldFo s
747 A2HAEE LPSY S4¢] A= Ae &
AR}, Ak 2 BE 159 ol ¢
A 2 olgt A dAdA vl FE&E R
Azt

Sweadner 5" LPSE F8ddA thefgt 27|12
EA s 7h 2 BAge 10,000004 20,000 3=
o]z 10,000 NMWL(nominal molecular weight
limit) P AHgsle] LPSE &8 o2 28 4 3
txn B3t old met 2 Ao e FAs s

o <y

470

2l LPSE Al 23171 913 10,000 NMWLE 7t
A& HEE A3l ultrafiltration® Al &,
Zhe BaeEkS 7 A& hydroxy fatty acideb 4Hatz
& ultrafiltration membrane® 33}y 484 oj
dAE 2 & xS VA= LPSEE &8 + AT

£ AgoA FatstdeE Hed LPSE L ¥50 &
Agle] AR L E 2453t cytokines YA3HA|
Zatdnt. oA E Ao AFEE 100xg/mle]
LPSE Fistdg o g 15797t AgsAl=d LPse] =
Ae ZH0 2 AAE ¢ ke AL onidtt 18
ol A2 g E o o [L-17% TNF-a A4t
W a3tE Aoz tE FHY A XY A8 7] 94F
w7l 2o Wit A7 o Bastelet Azt w3
o] Zd g Aol oA dojvi, Al
TRl whel LPSel F24 A Apol7t e Bg i
ZF5o) Aol doiA LPsel g atekdgel g3
o the 714 A+= Feslelet AFRETH

AgA oz B dFMEe A83 2PN P.oen-
dodontalis B E. coli LPSE $3t3l2 o2 Aelsld o
FHAG oA [L-13 TNF« £H] & A=538ke 580
A2YEHE AE st on, AL FASI A Fo
LPSS) AEEA A& A A7) F3A717) B
Rog AZtdc), o|#jd AR L FaaFed gE #
Atslzhgrol A 2 AR BHHoR AMEE
A& ondi}, g5 & T/ LPSol| et F3k5
H3} polymyxin B9 2 427 LPS F3l=23 79| H]
o 59 A7t astele AFREY, oY ATE F
gt A 2 A2 AN ksldae] A8 E
e ed =8| sl2let A4E

rju

V.2 £
Y oA 2 wo] AMEE 1 e FASEgo] A
9 2w A8 BT Agd 283 4TS e
Porphyromonas endodontalis lipopolysaccharide®] &
g8A gz vAe dFE LolE7] Al P oen-
dodontalisE v }sled LPSE F&3t9 oW, P en-
dodontalis$} E. coli LPSE 28l g o2 T A3
=, Ztzte] LPSE Abge] T3y & 24413 A5
ste 1o we} Eolse 954 cytokinel! IL-1e, 11-
18, TNF-e¢] & ELISAZ H|m, ¥Aste th-3-3}
BEHAES AN

1. P. endodontalis 2 E. coli LPSE A=H gy
ol EHlEE IL-la, IL-18, TNF-a9| &
LPSE 235 ge dzFit 4 9A =4 v



—t

o

e}

bt

TptStEE X2|E Porphyromonas endodontalis Lipopolysaccharidelf CFEISHHSIT19] L-12} TNF-a MA0) DIAl= G&tof

Rt (pC0.05).

el N2 P endodontalis R E. coli LPSE A}
S8 @RGP EoEHe [L-1le, 1L-18,
TNF-e9] 32 Fibstd g A2 sA) &2 LPSE
AFE TR FA A BA YR e (p<0.05)
N2 TE #2887 2ol 7t 1T (p)0.05).

. P. endodontalis 2 E. coli LPS9] 557} 2713k wha}
(0.1, 1, 10m/ml) B HRGFolA ZH|H = A 7}
2] cytokine®] #F-& o] Frtele FFE YL
W(p<0.05), Fastzd4 Aeld LPSe Z-%ol=
FZo ME cytokined] - FT Tt Aol 7}
AAH(pr0,05).

CE. ool LPSE =¥ tHg A Fox BHHE
Al 7FA cytokined FF2 22 F59| P. endodon-
talis LPSE A=8 TR A UA =A Ve
W (p<0.05).
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