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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 Por phyr ononas endodontal i s LPS with calcium
hydroxide alters its biological action as measured by human PMN secretion of IL-1 and TNF-«, and
it was compared with Escherichia coli LPS.

P. endodontal is ATCC 35406 was cultured in anaerobic condition, and LPS was extracted us-
ing the hot-phenol water extraction method and purified. Purchased E cdi LPS was also purified.
100 pg/ml of each LPS in pyrogen free water were incubated with 25mg/ml Ca(OH):
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% 10° cells/ml) in RPMI 1640 followed by treatment with
various concentrations of LPS (0, 0.1, 1, 10xg/ml) for 24 hours at 37°C in 5% COz incubator. The
supernatants of cells were collected and the levels of IL-1a, IL-18 and TNF-@ were measured by en-
zyme-linked immunosorbent assay.

The results were as follows:

1. The levels of IL-1a, IL-18, TNF-a from PMN treated with each LPS 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
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PMN of the control group (p»0.05).

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

treated LPS (p)0.05).

4. The levels of all three cytokines released from PMN stimulated with P. endodontal i s LPS were
significantly lower than those released from PMN stimulated with E. coli LPS (p<0.05).
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1. P. endodontalis 2| Bi

Ao A1&H A F-E Porphyromonas en-
dodontalis (ATCC 35406)% w55 5% 71E &9,
5ug/m19] hemin¥} 0.5xg/ml vitamin Kio] X34 g
Aol HFste] 37C @718 Al W F7] oA 5~T7
U7t v Fate] & el § @ Jgs At ol& 7t
E g9 2 5/ml hemin?} vitamin Ki°] 37} Brain
Heart Infusion(BHI) broth (Difco, Michigan,
U.S.A)el HFsta 37¢ce] 8718 %231(85% N,
10% Hz, 5% CO2)3tellA sttt 5= 4T,
10,000 X goll A 1527t AAlEelsta /T2 Al ¥ Al
2t & FAAZEA

2.LPS F=

LPS9 #%2 hot phenol-water extraction
method® & AH-3H5
A7 %% P. endodontal i s(1g)Z pyrogen-free

water 35mloll #2171 £ 90% phenol 35mlE A7}
sted, 70l 1583 E3Fstar, 4¢, 10,000 x goll A
3087 YR8l Aqueous phase® H]ato] u}
2 B33k phenol phase®t insoluble precipitate=
& 35mlZ A FE3IHth. Aqueous phases] THES
AgoA 347t SHFA FAMWCO, 3500)A17]
3 FAAZET

Escherichia coli LPS(0O111:B4, Sigma
Chemical Co., St Louis, MO, USA)& *J&3td A
= Tuiste] A&k

3. LPSe| FH|

Koga 79| W& AH&3te] LPSE A8kt 24
Crude LPS(1g)E 100ml9] pyrogen—free waterll 4
21713, 4C, 100,000 x gol| A 3A17F B9k A&
3Tt ©] pellets 0.1mM ZnCl29} 4004 nuclease
P1(from Penicilliumcitrinum Amersham Life
Science, Cleveland, OH, USA)& &3l 10mM
Tris-HCI buffer (pH 7.4) 20mlell F#A1# 37¢Cell
Al 16A1ZF F<F BREAIZATE 1 3 Ao A 24413 F
ot SHFFl F4(MWCO, 3500)38 ¥ pyrogen—free
water® A8t YA R ¢ FAURAAY. 54
Az9 LPS(Img/mDE 2mM CaClz29} pronase
(Boerheinger Mannheim GmbH, Mannheim,
Germany) 1lmge &+3t= 0.1M borate buffer
(pH 7.4)°ll F-FAIATE. o] E3E 37TColA 24417t
<t incubationdt & 100CollA 583 78t A&
ANA 24413t F<t SR FA(MWCO, 3500)% 5
FAAZINA Y.

4.LPSel AH

1) SDS-PAGE

12% Tris-Glycine gel(Novex®, Invitrogen Co.,
CA, USA)E o]&3to] SDS-PAGEH S Aldslsith.
markerg} P. endodontalis LPS, E cdi LPSZ 7t
7} sample buffer(Novex®, Invitrogen Co., CA,
USA) ¢} 418 & pre-cast gel®] 7 welldll ¥ run-
ning buffer(Novex®, Invitrogen Co., CA, USA)7}
S0l A9 EFA oA 125V, 40mA 3t dfefl 2
AlZbE?t EE 8ttt

2) Silver Staining

silver staining kit(Intron Biotechnology, Korea)
g ol gatdrt. aokhd, A7 IBE gel& FHF F
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o] FRol i, A4 10%73t incubationdt &,
fix solutione ¥ i 5%%F incubationdtith. S/
2 FAIZE & staining solutionl A 20%3} incuba-
tionstal A FAIGH & FRGNA 1023 incubation
SRt /45 Wl developing solutions % 7F
gt T band’} Y& w714] 15-20% F = incubationd}t
Attt ¥3st= band7t Y& $ developing solutions
Hz]a oJ7]9) stop solutions AFH A7kt ¥k
FTIAAY. gel dryerst AZHAA 5 o] &3] gelS 7
A7) BEFHE Easianh

b. LPSo| =it=izts A2

7 LLPSE pyrogen-free waterell £31A17 100ug/ml
7 =HA g & akskdE 2 (Sigma Chemical
Co., St Louis, MO, USA)E 1mlE 25mg® 71
7 3= A AT RE sample 20%3F vortex 3t
T 37ColA T2 BHstgl o, o] 7|7kt s
ShHA 2023 vortexstAtt. 11 ¥ 4SS ultra-
filtration(Centriprep® YM-10, 10,000 NMWL,
Millipore Co., USA)3lY LPSE &3 & #41%

i

21738 67 9] AA2H26-3541) EZ5E heparinized
tube® °|-&3te] FNI S AT AHE Q2
6% dextran(Mwt. 500,000, Sigma Chemical Co.,
St Louis, MO, USA) sedimentationg AAA 24
TE ¥8dta, Lymphoprep(Nycomed Pharma
AS, Oslo, Norway)< ©]-8-3to] 4l Fefg & g
£ d9lon, ol 9l= AT hypotonic lysisE Al
gato] A AT o] WHe R FE3 dud =
Trypan blue dye exclusion test®} Giemsa staining
= B3l A5 A7 98% ol AEH} 97% o)
o] =5 YEAT.

AR A EZE2 100U penicillin/ml, 100pg strep-
tomycin/ml, 10% heat-inactivated fetal bovine
serum(FBS, Amersham Life Science, Cleveland,
OH, USA)< i3 RPMI 1640(Amersham Life
Science, Cleveland, OH, USA)°l ¥fA1A o=
1= A&l FHl ekt

7. dTel 27 (Table 1)

P. endodontalis ¥ E cdi LPSE ztz} 4=akslzt
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8. Enzyme-Linked Immunosorbent Assay (ELISA)

#A53 459 247 human IL-1e, IL-18, TNF-
a ELISA kit (Quantikine®, R&D systems,
Minneapolis, MN, USA)E ©|&3st] #4331

A A Z2AL A Al FeE standard @b EE-S 200 A mi-
crotiter plate®] 7+ wellell B3l adhesive stripS2 9
o] A2oA 2412k B9t incubationAlZth. 2A13F ¥
plateg 44 bufferg ©]-&ste] 33 A2ttt
2.2 7} cytokineol] et conjugateE 2004 A well
o H7kete] Ao A 1A12F B2t incubationAl#A 33
AFsIE T, a2 § 74zke] wellell 71289 2004 A
go] 2087 A AT jhe= FAAI7]7] 918
stop solutions 504 % 7}k 3 30 Wl ELISA
Reader(Thermomax, Molecular device, USA)Z
plate well®] %&&F-oA sttF74A] #E3te] 450nm

Table 1. The treatment groups used in the experiment

Concentration of

LPS Sample Ni
LPS (yg/ml) e
10 6
P. endodontalis L.PS 1 6
0.1 6
10 6
Ca(OH)z treated ) 6
P. endodontalis 1.PS
0.1 6
10 6
E cdi LPS 1 6
0.1 6
10 6
Ca(OH)2 treated { 6
E cdi LPS
0.1 6
Control 0 12
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49l optical density(0.D.)E =33ttt 4=
standard®] O.D.¢} A &% standard®] =& logak
o= Fsle] HHo FANS WE, 7 FEO
O0.D.#= "gsted] s28 AUt

9. SAIAzE]

SPSS(ver 10.0) SA & program< Al-&-3}]
Kruskal-Wallis Test<} Mann—Whitney TestZ 2} T+
7}4 cytokine 8] Aol & ol p=0.05 dfellA

=4 O]’/\}\

1. LPS2| AH(SDS-PAGE)

LPSE SDS-PAGEZ #3]38}1 silver staindt 2%},
ER A0 At} Reke] 122 Holm P. endodontalis
LPS+ 31kDa F9° v<=2] band”} YeRTHFig. 1).

2. ELISA

Ao A SHE 2429 cytokine %+ Table
ig. 2, 3, 49} 21},

endodontalis ¥ E cdi LPSE x=% t}d sl
TollA EHE = [L-1a, [L-18 2 TNF-e9] ¢332

N)

LPSE 2557 e 2w B} f94 347 =7
Ut o™ (p(0.05), E cdi LPSE A=4 thal sl
oA EH|E = Al 7R cytokined] £ 2L F
T9| P. endodontal i s LPSE Al54 oA ET} f2
A A=A JFEstTH(p<0.05).

FAsb g AR @2 747e] LPSE ASE v
Ay ol BulHE [L-la 2 [L-109 FEL
TNF-02] SR 2o 30A 2 Webskom (p(0.05),
[L-1a9} [L-189] 52 & w3 a7t gtk
(p>0.05).

Fhrstag Aeld

30

P. endodontalis @ E cdi
LPSZ A54¢ thg s

W& Lo A FH| 5= Al 7FA] cy-

200kDa . m ! L

116.3kDa
97.4kDa

66.3kDa
55.4kDa

36.5kDa

31kDa -
=
21.5kDa -
14.4kDa
= - =

Standard P. endodontalis LPS E. coli LPS

= 6kDa

Fig. 1. SDS-PAGE of LPS.

Table 2. Mean concentration of cytokines (Mean = S.D., pg/ml)

Concentration of

LPS vl IL-1 TNF
LPS (sg/ml) ‘ d -
10 260.92+89.81 221.73+69.17 70.11+£21.21
P. endodontalis LLPS 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
10 9.20£2.51 9.22%£3.39 12.78+4.15
Ca(OH)2 treated
. 1 9.01£2.65 9.04+3.00 11.67+3.62
P. endodontalis LLPS
0.1 8.99+£2.56 9.20£2.62 12.31+3.64
10 598.29+163.13 542.66+165.74 217.24+92.07
E cdi 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 12.85+4.31
E cdi LPS
0.1 9.28£2.05 9.41£4.41 12.92+4.05
Control 0 8.34+2.82 8.72+3.64 13.68+3.61
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Fig. 2. IL-1a levels in supernatants of PMN
stimulated with each LPS.

TNF-«
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Fig. 4. TNF-a levels in supernatants of PMN
stimulated with each LPS.

tokine®| F&& TS EE A=A 4 LPSE &
=4 TR FUA SA YER e (p<0.05),
Zades 79 gkt Aot I TH(pr0.05).

P. endodontalis 2 E cdi LPSY ¥»%7} Z7}3t
o Weh(0.1, 1, 10pg/ml) THF N FoA] FH]x]=
Al 7FA] eytokine®] & 2ol S7kete FdE EA
S (pC0.05), FAkskdE A gd LPSY A-%ole &
Lol 2 cytokine?] 2 T T Aol 7 ¢l
H(p»0,05).

V. &2 < 1ot

3E, AR A, Al T o2 7t
*%‘3}“1, Aldte] £ 12 giAket

2 Aol A il des 9
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IL-18

IL-18(pg/ml)

. I h
- - I._ -

LPS(ug/ml)

Fig. 3. IL-18 levels in supernatants of PMN
stimulated with each LPS.
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20l A 7}“61%7} o] F 01 At} Lipid AclAe] 2
gl o] FXE AEH R B FEH = “}*01"1
LPSE ﬂ"] 71 Al ﬂﬂrw aeY LPSe] 542 lipid
A o]¢]e] & FEd| Seir e YEhd F B R o]
Ao 2= LPSY 3} 71dS ¢ AHE + gle
o oldf] gt 744l A7 st e Azt
2 Agol|A Fatsdgoz 157 Agd P oen-
dodontalis 2 E cdi LPSE thEamE 1] cytokine
HHE A=A Ztks A & 5 AU oleg 4
= FAkslbzggo] Aol LPSel 2Hgsle] BA4-S gl
T Ut AS 9vlshy Safavigl Nichols™ 2]
Barthel 57| B9} dx|st= AHE B3tk Safavi
¢} Nichols"& Fatstdg &9 173 =249 LPS
= 7kl = o lipid AollA hydroxy fatty acid7}
gdva Haustglon, ojelgt A2 THAR A F
Aol UeilE &3 8ato] AR AWl &
gx 34 T3 158 Salnmonella ty-
phi muri umJJr Prevotella internedia LPSE &
Astdgor 13U et & dEAZE 255t
A ¥ = prostaglandin E29] ¥& S 27, 74
shzdg A2l LPSE A4 Al XA = PGE27} 4]
] gttty Basiglon, akskd A2]7} bacterial
LPSe A&t ddg Wshizivta Z2AUT. &,
LPSe] A&eH4 A& ester-linked hydroxy fatty
acid® 2= 3, ©] linkagex F2tabdgA gl ¢
3] ] E o sF3ith. Barthel 5772 s Fo 2
157 A2l E cdi LPSE Z3hEo] TdalA oA
TNF-a2] ‘3’&% A58k Fetithal Haskglon,
Buck 7% ZAH Y} Akskdgre] LPS tist &
g BA5] Y8l TelE A Ak s S A3
chlorhexidine, ethanol, sodium hypochlorlte«] 4
7174 EFER 30w AYstAY, FAtsdFgo R st
5 o] A2l =4 lipid A9 fatty acid chamoﬂf\i
ester bond®] 7FEal7F dojut LPSe] 545 AAE
& At st o9 22 Ayhs Faave} vEo
Frbsbdgo] dE e A 7 A2 AR
g 9SS oulsly, 53] LPS7F S Ao o
H = A *&Eﬂr%ﬁ& 179 o} F= A2 I%
Z_'
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17] 98 IL-13} TNF<9] $5& 233 AL o8 cy-
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Wy ol Eu)HE [L-1a, [L-18, TNF-a2| =
2 LPSE A=HA @& U2 T 494 =
Al Vet (p<0.05) .

e 4 2g]l" P oendodontalis 2 E cdi
LPSE A=d g oA EH¥ & [L-1a, 1L~
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(p»0.05).

_P. endodontalis 2 E cdi LPS9 %7} Z7}8+
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.E adi LPSZE A=H thd i oA £1]E = Al
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