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e OSMEIZIT R, HAROMT, B RERECR OB A b VWEE,
DEEREIL WD EhEE A CF 5 #iE,  sdh 7 AN~ D8 2 11 5 MG, &
DIRRFF~DERE A LI WA, GRETI~OER 2 F 9, HwilE» 50
WO BEMAN D L. TOFTH, —FEERLOD—DIC
SERBANRH Y, ZEDOK 1.5~16%VTHRAEL T\ 5. BiF#% 1 B LINIZL
EEITO 2 N TEIULTRITIIRMBAFZ2, B E CICE LR TR b
ZVDIL 1~ TH oSN TWD Y. HENEND & THRAR L2
L5603% <, Guedes b DWFFETIE, IMEHL 1~8 [T 34.34% D KRNEM: i AR
WU 3 AE L Tz s s S Tun g 9,

Wi FI 72 & R REfERE U, SARE P 0RO DI TELRWGAIE, RE
TRIEDBEE L 72 5. MBI 5 ARV L R DR 2 5 R & Sh
TWDH, WL LEENH 5 Y. EHEEEAIME 2 (IADT)D R EHIME AT
A RTIE, 1 RERLL ERGE L7zt ioxr LCiE, DS ComBELENHESE S
T D D B OTRRICE T 2R RIEANTIE, SMERFICE & 5 RIEIT %t
T HURIEIEA, W% 2 2 MERG T 2 0EIEH, TR ARREOMH
RN 689~ 2 s AR E A S0 38 & b 5. BIME, — AT KER L
1V I (Ca(OH)2) BFIN L ST b, Ca(OH): 1%, FLETER ©, #i
RIEVER D, WEALRRIERCRE ©, BARIENGIER Y2 FFo7 6, SME B OIRE S
AL L THELTWS. L, Ca(OH): DARRILAN~DIFHITAPHEZ 5]
BT AN S 2 10, £, BEPHHITEREFE 2 iS85 & ot
WHO W, EHOMEAITEE L. Z072, Bl 2R A ERA o Bl R S A &
nTna.

Pt T I B THDH T EFILYZT A (NAC) 1L, AN THIERLAER
ERTINETAORIBMETH D, FLEIERZRD 1219, KIEMEY A A1
> T D TNF-a DFBEIEIT 5 Z & THRIEMEHZ T Z LAHEI LT
5. ZIHOHED D NAC 23 O EKGE, SMEIC K D RIEICHIGET 5 2
ENTEDHEBZOLND. ZIZTC, WARBIMHENER Z R~ RETRRIE L L
TOFRAERIET D Z ENFREL Bb s, Lo, HRWILZImE 42 & o
WMEITZ < e,

AHFFETIL, NAC OIMEH DO AR KT 2 W R A RGET D720, T v
N EFHE—HWE AW TOMERET VAER L, RT3 5 AR B
L LTNAC 2 L7z, PR, RAW264.7 MRS fia 25k K+
(receptor activator of nuclear factor kappa-B ligand; RANKL) & NAC & Z/Ef S+,
W Ak 35 NAC OZh R &2 FeT L7z,



MERE T515

1. 7 v MMEERET L O/

FERENIZ 1T 4E% 6 B SD RN 7 » K (Sankyo Labo Service Corporation,
INC. Tokyo, Japan) & IV 7z, HRAEAEFEABHI T N-Acetyl-L-cysteine (NAC:
SIGMA-ALDRICH, MO, USA) i L7=. KREBROEWERIT, E7KFEEAN
bHEE R F B EREE S ORREZT, R TT - 7= GHEKGE
B 14-0063 5). Ty NIy L E R — L (Y L RUF LS
Kyoritsuseiyaku Corporation, Tokyo, Japan) 33 X N YV 7T (= AT A
® Pfizer, Tokyo, Japan) % Fi\\ C B Bl it L 7=1%, A0 B3RS — %k
WL, RS EZ. T RAN—Z2HWTKEZZREL, K-7 7 A4 1C
T 25 5% THERB ISR HERET F U 7 A (x4 2 U —F—® Neo Dental
Chemical Products CO., LTD. Tokyo, Japan) Z £ L, RENZ B L7, Wik
BHED I %4T > 7=t % control & L, NAC TIREAERZICHEM L= b D% FEhRr
B & L7Z(1 MM NAC, 5SmMNAC, 10 mM NAC). RARAIZBEEMEL YT A
> b (Z—=23—R > F®, Sun Medical Company, Ltd, Shiga, Japan), #ieEffll% 27
ATAF )<= AL NIV TAF ) ~—%A 7% GC, Tokyo, Japan) THf
$H, WIS ATV, A HEAZUIEI Lz, 2 EERICERE ST, 4% /S
FZHRNVLT VT B R - D APREER (Wako pure Chemical, Osaka, Japan) % F > C
FEVREE 21TV, FEE R L CORIEEEEI1To72. EDTA TN BX,
BIEICHES TNT 7 ¢ a L, k)t L CIREICE S 5 pm OFFEIEAZ
ERL L 7=, ZD%, ~~ XU v« oA P Y ta(H-E Yeta) 2470, iR o
Wit & s L7-. Image J(NIH, MD, USA) Z H W CHEAREREZHE L, RAOE
e O IR AR A FEYE & L O SRR O B AR i FE (%) & HIE L7 (n=4).
& 5|2 Fast Red Violet LB Salt (SIGMA-ALDRICH) % & €07l 1 BRI PERERME —7 + A
7 7 Z—B Y (TRAP Yoth) 217V, BeAR R aN Bl U 7o s i D822 4 O
LB E W TITo 72 (n=4).

2. HER O YEiF

~ U AEKHERDOEE~ 7 07 7 —YTh D RAW264.7 #lfi (ATCC no.TIB-
71™ VA, USA) Z i B HIR O RiEEMIAL & LT L7z, RAW264.7 Al
RANK ZFBLL Tk Y, M-CSF ORFEH 72 < TH RANKL OFIFLIZ &L 0 Ak E
Fcfbd 22 R TED W 10 % BV MIE (Invitrogen, CA, USA) & 66.5
ug/l Bile 71 7~ A 3> (Meiji Seika, Tokyo, Japan) % & ¢ Dulbecco’s modified
Eagle’s 5% (D-MEM: Wako Pure Chemical) 2 VN TESZE L72. 100 mm A X > &
— K7 » <= (BD Falcon, NJ, USA) H C D-MEM % W\ T, 37°C, 5%



CO. DEREE FIZCTH:# L, Dulbecco’s phosphate-buffered saline (Ca%*, Mg** A5 :
PBS) Tii# 1%, 0.48 mM EDTA &4 PBS % MW\ THlfa & [l L7z
3. Al O RE

K38 L7- RAW264.7 Ml % 96 well 7L — hIZ, 1well (2% 1.0x10* A
ABE L 725 X H IR L=, Mg 10 % FIIRIMmE, 4344 mglL-7 <
=/)L-L-7 L% I > (Wako Pure Chemical), 72.7mg/lL-7 A2 /LB EE2-V
% (SIGMA-ALDRICH), 66.5 pg/l filig 71 7~ A 3> % 19 a-minimum essential
Mt (a-MEM: Wako Pure Chemical) (2, pH7.2 (ZFf% L 7= 100 mM NAC stock
solution %, RAKEIEN 1 mM, SmM, 10mM L7205 KON L7, NAC R
% control & L, 37°C, 5%CODEE FIZTH#ELE. FL— R
RAW264.7 fifaz &M L7- A& % 1AB L L, 3 H E (CEERRR A, 5 HEIC
AN O ATP EA2HIE L, Rl 2 iid Lo, HIEIZIX ViaLight™ plus
kit (LONZA, MD, USA) Zf 1 L, Wallac 1420 ARVOSX vzv%wvvﬁ v
— (PerminElmer, Inc, MA, USA) |Z Taz e HlIE 217 - 72 (n=8).
4. WEE ML ORER

53 L7 RAW264.7 il %z 24 well 7L — FIZ, 1well (22X 1.0x10* fEHD
MR & 720 KO ICHERE L7, AR OfERRRF I L7z o-MEM (T i
& 50 ng/ml ® RANKL O A% M L7=H D% control, RANKL & [RIFFIZ NAC
WM L7 b 0% FEEEE (1 mM NAC, 5mM NAC, 10mM NAC) &L, 37 C,
5% CO>DESE FIC T L7z, 7 L— M2 RAW264.7 Ml 2 7 L 7= H %15
#1HHEL, 3 HBICHRIERRH, 5 HHEIZPBSICTHEFLAEZEZIZI10% &
N= U NZTHEEL, £k, ZKE/K TP L7-. Fast Red Violet LB Salt % &
Te TRAP G taif (pH 5.0) &2 W TY A 24T o 7o, SEABIME & F W T Al

DIFREEBIEZE LT, DI, MEMED S H 2805 7O b DITAEET,

8 LA A E R AL E LT, SMfasz il Lz (n=4).
5. real-time PCR

F38 L7- RAW264.7 Ml % 6 well 7L — ~iZ, 1 well (&2 5.0x10*fH DA
NaBE & 70 % KO ICHRERE L7c. ML OMERSIF M L7z o-MEM (Z & iR B
50 ng/ml ® RANKL DA% A L7= % D% control, RANKL & [AIFFIZ NAC % ¥
ML 726 D% F2BREE (1 mM NAC, 5mM NAC, 10 mM NAC) & L, 12 IFfH, 24
B[R], S HRIRGE L7, B8 %, M) 5 Trizol (Invitrogen) 2 F T RNA %
[B]UY L7=. Rever Tra Ace-a FSK-101 (Toyobo, Osaka, Japan) |Z Cififin G- his 2 1T
VY, 1.0 pg @ RNA 725 ¢cDNA Z A L7z, real-time PCR % ABI7300 (Applied
Biosystems; Thermo Fisher Scientific, INC., MA, USA) Z i\ 7=, 7*J A ~—
(Applied Biosystems; Thermo Fisher Scientific, Inc.) (£, TRAP (Mm00475698 m1),
RANK (Mm00437132 m1l), cathepsin-K (Cath-K: Mm00484039 m1), NFATcl



(Mm00479445 m1), DC-STAMP (Mm04209236 m1), OC-STAMP
(MmO00512445 m1), CD47 (Mm00495011 m1), Nox1 (Mm01340621 gh)ZfEH L
2. BV U T IVOBGFRIEIX, GAPDH O3RILEZ W CTEAE(L L T 27aaC
EICTRE LT (n=4).
6. HLalFHIIHT

TRTCOT—ZTFEHE £S.D. TR L. Mt EBZOREICIT
Bonferroni’s test 2 fHVY, P<0.05 A EZEZH D & L7T-.

1. AT R

RAVE B CIIH IR SR G B I A KA %238 7=, control Tl H-E Y412 T
ZEEMaZBIZ L, TRAP YIS TR TH D Z L2 L= (X 1-A).
HYREED NAC ZHEK L THAE L& 25, 1 mMNAC THROWIN, ZEE
IR, R ORE M 2380722, 5 mM NAC, 10 mM NAC TIXWING, HEHH
JaIL i MEm 2R L7 (K 1-A) . R RIREAE 2 HE L7z & 2 5, control &
10 mM NAC & ORICAEEEZZROT- (K 1-B).

2. NAC Mg E e bic 52 % 2

il E R BIC %95 NAC ORZBIEE Lz, Al x R 57012
RAW264.7 MIFEIZ F ¥ D NAC 2RI L C 5 A L2 %ICHaN O ATP
B2 WE L7-. NAC HEFIN (control) & LRl L C, ANZEER TIX NAC B IZREM%
72 ATP DD %R & 7o 72 (K 2-A) . RAW264.7 #lliElZ RANKL 0 2 % il
Z.77 control &, KIREED NAC % 1EH S W 7= EEREEOME B MiaE 2 HE L.
control, 1 mM NAC TiXE K7 FMian B2, 5SmMNAC, 10 mM NAC C
IS E AR O K & SV NSUVMEA A2 7R L7z (X 2-B) . 2 LA RO E ik ok
I%, control & il LT 5 mM NAC, 10 mM NAC THEIZHAD LTz (X 2-
C). BEEBI O E s 2 E L=E 2 A control & HEEL T, 284, 38T 10
mM NAC 73, 4%%, 58 C5mMNAC 2NAEIZHEAD LTz (K 2-D).

3. flE A BRI E R T DO R BL &

il M A B AR 7 O mRNA ORBLEZ E&T 572901, real-time PCR Z1T
7=, RANKL DA ZHEM L= H D% control & L, FIEEED NAC % 12 FEfH,
24 WERE, 5 HEMEASE7- b0 #EERREE L7, mRNA OZE &I 12 FFET
I3 DC-STAMP @ 5 mM NAC, 10 mM NAC T, 24 B[] TI% NFATcl, DC-
STAMP @ 5 mM NAC, 10 mM NAC THEIZHD LT\ (X 3-A,B,C, D, E).
5 HMTIZRANK ® 5mM NAC, 10 mM NAC, NFATcl @ 5mM NAC, DC-
STAMP ® 5 mM NAC, 10 mM NAC, CD47 @ 5 mM NAC, 10 mM NAC, OC-
STAMP @ 5 mM NAC, Noxl ® 5mM NAC, 10 mM NAC, cathepsin K ® 5 mM



NAC, 10 mM NAC, TRAP ® 1 mM NAC THEIZHA L T\= (X 4-A, B, C,
D,E,F,G,H).
Eg 23

KRERTIEL, T7v MMERET VAMH L TNAC ZAE3EBZICHM L, iR
WIZ S 20 8 9 Ay, RO RAW264.7 #ifll RANKL & NAC Z¥#inL,

W I EIC RS 2008 5 A at Lic. S I3 OB, & L<
O 2 RIS TR S LTV, RO TRIZEEIBRL TH D

510 UL, BEEOEEEHNE < 720, BB T 5 & R,
RO AR OB E Z D, THAREIE U THRIRWINA AT 255085
<725, IADTDHA RT7A4 2 I9TIE, 1ML EORERRE CHEOELE S L
TWbH 72w, REBRTIIIMERET VEERT 5I12H 72 - TR A 1 KFfE
E L7z, MfESMPT 7 ClE control, &8 1 mM NAC IZB W iR AR 2/ 3 5
WIS 258, 5 mM NAC, 10 mM NAC CIEW IS 0 d AR 12 B3 2 Al s Hi i
O 2~ L2 (7 1-A) . RO EE CTH 10 mM NAC T g iR I H %
A LT (X 1-B) . s ARV T AR D BEAEAE (2 1 2 REBF IR RIS > & i i
BB OMESNEZN/BEI T2 L TRAETIEEZLNTND Y. ZD
728, control TIIMLFIZ K B IRIEDBESE, K OV fEELFE 23 R IRIZ L 0 s iR I
WARAELZEEZ BN, L, | mMNAC Tidikli, B2 L Tnai
H B 577, control & [RIZEOWRWILZFRDT=. ZAVTHEARBEOBEIE, i
FETZT N AR D R Tl e <, LR OBEAAIRITIIZ 0 il gl Al A 23 5538
ST ATREMEDNE 2 T,

HIREE2E TIIOLFBAEE T T 5 mM NAC, KXY 10 mM NAC CheE ffa 21k
kg m 2~ L (4 2-B), #iEMiE T 6 control & bl U T L7z, B3
BTIE2E, 3 TI0mMNAC 25, 414, SETS5SmMNAC A EICHED L
(X 2-C, D, #£1). RAW264.7 Al NAC Z ¥ L CAMIE 2 R4 5 7=
2, AEANO ATP 242 E L7-E 24, il L2 TORE T NAC BRI
control & DEZ VDo 72 (K 2-A). OF 0, KAE OB 1L,
DIEPENZ L > TR E 72T TiE <, Eia~0p bzl Lz &5 2
HTz. 6T, DEEEMRE ORI TR O BRE T, ORI
BB CH 2 HIEE £ OB AR TR S - TREMER E 2 b Tz,

Pl AR WL A 15 MR A R () T 5. R A I T 5 72 012X
ML R D HEK/ ~ 7 1 7 7 — 2 R ETEEA A A~ & HAZ O RkE R 431t
L, SOICHEHIRELORAIZE Y ZbT 252 ENEEIT/R D, i
MBI T~ A 2 —# B R+ T D NFATC1) RANKL OZ B TH 5
RANK®RVETH 5. EROBAIZIEZ DC-STAMP NEE 9TH Y, Dk
KR O E i E A BR T 5 CDAT?0), L5k oA 54 5 OC-



STAMPIR & 5. HE MG Z WIS HBMIX 1 2T —F o a0 fifd 5
ATA 7T T —EThD cathepsin K WEE L 725 2. £7=, rEfiaosy
(LI IZIEMERREFE(ROS) & DRE & s ST b &),

AMFFEIZIBNT, 10 mM NAC [FAMEIZEE K3 2 s AR I kF L -C NI {8)
W= (X3, 4, #2). real-time PCR OfEHE TIE, 10 mM NAC IZ8W\WC,

RANK, NFATcl, DC-STAMP, CDA47 ® mRNA FEIH & 3/ L Tu -,
RANK, NFATcl OJb 238l 5bic 22 L, DC-STAMP, CD47 OF/b
25, WE AR EOMAICEEL-EE X b TIUIARIFEROR R TH 5
E R OB, DEEMROMRA & —ET kR 7 o7, LaL, 10
MM NAC 1% 2 LA E O EHIaE DD 2787273, real-time PCR Of5 RN 5
ISHE O~ — B —&{nF T D TRAP ORI EIZEBT, control & D%
WMo T-. TRAP IZHEZ O EHIIE THIBL L TWDH A, ARERTIIE
AIEOFHMEZ 2L EE LTNDT, fROR—HEBELTNDEEZLR
7=, ZHEEEHIIOEIT control L BB EZ RO RN -o 1=, TIUI S HERE IR O Rl

AIZBfRT 5 OC-STAMP DI BLEIZF T control & 10 mM NAC [ CH E 7%
BROIRNoT=Z b 895, F7z, cathepsin K ® mRNA FHL& 4 LT
W ZAUC XY, WEMiaos b, @a oMl g Tk <, BeE RO
RE ST 2 FREMEDN B 2 DTz, ARIFFEORE R TiX ROS % 4 f% 3% NADPH
4% > 4 —¥ (NADPH oxidase; Nox)?Y T % Noxl OFIL G Liz7-9,
ROS 73 Ba:E 9~ 2 il 5 M 0L A% IS & 0l L 72 rTREMEDN B 2 BTz,

ASBEIOFERIZBNT, 7 v MOWRBEFIZITAKIEM DR TE 2. wiRE:
FE L OBERNEEET IR L T AES BN, AR & Tl
L LTNAC O EZMEL7=. 5 mM NAC i real-time PCR O 87> 5 1% 10
MM NAC & KX 233V o 7223, HAARIZINIZI VT control & OF B E%
RO o T, Ml TIE NAC OIRENZEETITEMNT 225, REREE

TIIAR G, B I B LT 2 BEERIC & 0 AR B PH O RERR L2 1 X5 o A
DHOH LG CTE R, 2ok, HLZEELY HEVVEE LTE
AL TWDAREMEN S 2 b v, ARG IEEKICHE U7REEIZE L TIA % 0%
THER L TV MERH D EEZ LT,

AFER LD, 10mM NAC 1T E Db, @A Z2 oS £ DGR -0
BIRFEZIEIT 52 LTIy MMERET M T 2 RV A #ifil 42 T8
PERE 2 Hivfz. Ca(OH). TIFMRRIRHIZ L DA IHENHE SN TND 03,
NAC FHAIZHIRRIL T R VB CTH D72, BEOHH L THWI S5 AlRerE
MEWEZZ b, £72, Ca(OH): (pH12) DFEAICL D 7B U BRENE
Ok 5 L, RO ZEMENEZ D, BFEOMRERT 25 &k
TP AR E X HAL TV D 220 SEIOMZE T L 72 NAC IE pH % ik



(PH72DIWZHHEL CHEH L TWD 78, RFEORERT %2 T T % lHetts
W&z B, NAC IXLUENZHEEN, IRIEFER OIS TV DT
W, NAC IIAMEH T3 HREREIRA & U CTEIRE D —> &L 72 0 15 5 "lREMED
EZz o

7w b oWl EVELSE RS D EsnTnb . 2D
72, T v hOEESEH L2 ERITIEE TITITh TR 2, RAF5THE RIS
FS5& NAC OFFFEIGH Z T 2B, WA L2 E, 2580
FREEIZNT 5 NAC O X512, b howE2HEHLEZERE SO THES
7o E L b b,

s
NAC OfERIE, T v NMMEWE T /L CHAR B IHNH] & il o e o I8 i 1) %
L, AR CRUE LR E & (L DR B A H] L=, NAC (A s itk
Z b S TR A2 B U, AEfia o~ b, e, e OB EE
FINEEG- L CWb EB X O LLEX D ERWIIZKT 25 NAC OO R]
REMEDNVRIB S LT,

s
AREH 2B\ DT2 0 B O TEY, TRV R E LA i
SEFIER - TSRO B B IS < AL L i E
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# 1 Wz BT 5 NAC O%hE:

1 mM NAC

5mM NAC

10 mM NAC

Tk e B (2 % LA 1)

!

2, 3%

4, 5%

!
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Avulsion of permanent teeth is one of the most serious dental injuries. Prolonged extra-
alveolar periods lead to poor prognosis and increase the risk of root resorption. Root
resorption is associated with pulp necrosis and extended damage to the periodontal
ligament. Calcium hydroxide is the most commonly used filling material for avulsed
teeth; however, long-term exposure to calcium hydroxide may weaken the dentin in the
teeth. N-Acetyl cysteine (NAC) is an antioxidant amino acid with anti-inflammatory
and antibacterial activities. However, only limited information related to its ability to
suppress root resorption is available. Therefore, this study examined whether NAC
influences root resorption in a rat model of delayed tooth replantation and osteoclast
differentiation in vitro.

Upper molars of six-week-old Sprague—Dawley rats were extracted. The teeth were
maintained in dry storage for 60 min. The control group received no treatment. In the
treatment group, dental pulp was removed and the canals were filled with 1, 5, or 10
mM NAC. The teeth were replanted, and the rats were euthanized after two weeks. For
histological analysis, the obtained specimens were stained with hematoxylin and eosin
and tartrate resistant acid phosphatase (TRAP). RANKL-stimulated RAW 264.7
macrophage cells were treated with or without NAC for in vitro assay. The
differentiation and formation were assayed using TRAP analysis. Osteoclast-related
genetic mRNA expression was evaluated using real-time polymerase chain reaction
(PCR).

In vivo studies revealed apical root resorption in the control group. Filling with 10 mM
NAC decreased root resorption and the number of osteoclasts compared with the control
group. In vitro studies revealed that the numbers of osteoclasts were lower when
stimulated with 5 and 10 mM NAC than without NAC. In particular, the numbers of
osteoclasts with two nuclei were decreased. Measurement of mRNA expression using
real-time PCR indicated suppression of RANK, NFATc1, DC-STAMP, CD47, cathepsin
K, and Noxl1.

NAC reduced apical root resorption and the number of osteoclasts in a rat model of
delayed tooth replantation; it also downregulated osteoclast-related genetic mRNA

expression in cell culture. NAC inhibited root resorption via suppression of osteoclast



differentiation, fusion, and function. These results indicate that using NAC may be an

effective technique for inhibiting root resorption following replantation of avulsed teeth.



