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A QUANTITATIVE STUDY ON THE DEGRADING EFFECT OF THE VARIOUS
IRRIGATING AGENTS IN THE ELIMINATION OF RESIDUAL HYDROGEN
PEROXIDE FOLLOWING WALKING BLEACHING

Kee-Yeon Kum, Won-Sup Han, IL-Young Jung,
Seung-Jong Lee, Chan-Young Lee, Byung-Hoon Oh

Department of Endodontics, College of Dentistry, Yonsei Untversity.

Hydrogen peroxide at high concentration during walking bleaching may cause damage to
the tooth structure and to the surrounding periodontal tissues and may develop external root
resorption, Clinically, It is so important to find a method of prevention or minimization of
these complications, The efficacy of various chamber-irrigating agents to eliminate resid-
ual hydrogen peroxide after walking bleaching was examined and compared with water rinse
in this study. Extracted human 46 premolars without any cementoenamel junction defects
were treated endodontically and based with IRM to 1 mm below CEJ and totally bleached
3 times for each footh with 30% hydrogen peroxide and sodium perborate, Upon comple-
tion of the 3rd walking bleaching procedure, the cervical portion and pulp chamber of each
group of teeth were irrigated with catalase, 70% ethylalcohol, acetone, and distilled water.
And then, a radicular hydrogen peroxide penetration was measured with spectrophotome-
ter immediately after each bleaching and following teatment with each chamber-irrigating
agents, and the significance of their eliminating efficacy of residual hydrogen peroxide was
analyzed by Kruskal-Wallis test. The results were obtained as follows,
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was repeated (P<.01).

Key words :

between the acetone and ethanol group.

1. Cervical root penetration of hydrogen peroxide was increased as the bleaching procedure

2. The most effective irrigant that removed residual hydrogen peroxide was the catalase,
and the least effective one was water rinsing (P{01).; there was no significant difference

3. The Irrigation with antioxidant enzyme or water-displacement solutions can eliminate
residual oxygen radicals from the pulp chamber effectively after walking bleaching.

So, these agents can reduce adverse effects such as cervical external resorption and pe-
riapical inflammation and prevent residual O.from impeding composite resin polymerization,
thus increase the bonding strength of composite resin. This, in turn reduces microleakage
and discoloration of the esthetic restoration, extending its service-life,

walking bleaching, residual hydrogen peroxide, root resorption, CEJ
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o] HEL B3 water sorption 28 ¢
3oy X Ae] AA R WS HATES oF]
& & iy AL, HLE Rotstein” F& A
FUoll O F EA) 8= oxygen radical scav-
enging enzyme ¢l catalase & TW Hd) 77} 3
o] =X 314 ethyl cellulose polymer € 7%
o coating FLZN HitstE ¥ F9 AFE
e &AL U £ dATT FAEET
w}2}A walking bleaching ¥ antioxidant enzyme ©|
Y} water-displacement solution & ]2}5}a] ]2
A& JAASFATE QAT ERFHE A
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AZEE AHHOE Fo7] 9 YO E an-
tioxidant enzyme ¢ catalase 9} water-displacement
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AFE A AAY S o183t ARHLRE v
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1. A E

TR EBFHOZ wX§ AAIY} &2FHE
Spectroscope & ©]&-3fe] Wjobd Aoyt Wby
F ARG Aot kFo] flE Xolg 4
Hol AU BWAE 30% HO: (Sigma
Chemical Co, USA. FW=3401)3 3 IUEF
(Junsei Chemical Co, Japan) & AM-3}91Y 28
W oojdAet AME Fe dA FHAEES

nail varnish&wax
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IRM? (Type III Class I, Caulk/Dentsply Inc,
USA) & AH&3tEh

2. A3y

2R EHog OxF 46 /MY AFXE AE3}
o FHo BAg A X4 WopFo] &4
A AEE 2L 71T AAL F A AL
BA3Ych 2 Xoks # 330 bur & o3ty X
$74E NS Y #2, #3 Gates-Glidden drill 2 2
AYTE FRF F #15 AL 2T AYs A
o@yo] Hol7] AlFAE o o]t 1 mm &
3 Zojg IHACE Al TR wet #35 7t
2 & G SWIRE A sealapex®F ©]
23t 2HFHEHAT AFAH A gutta-
percha £ ZAE $57|FE o] &3 e
AR &4 3 mm 74X AASIL, RM & ¢4
S AHAY WePdF AR 1 mm Pyl B
HHEE 3lo] AMNASCE APHE Fo] 2 mm F
A2 Y o)A k&2 AolRe &
F42 4 A8 AH3ch 40 grd BEE
o= WHFAARANM AZZOE 3 mm, A
HZ202 2 mm 9 window & A|&)3 EE HE
& nail vamish € 3 3] 8N L, apex 9=
wax Z sealing 300, Wehyg AA RS 24
3 94 1 mm 4 Al 2-X4- cm laminate
boxing wax (Kerr Brand, Emeryville, Calif) & ©]
L3l AolE ZAE U 16 ml TRV TF
¥ plastic assay tube 9] window & Eg3te] A
2ol A= XA F EE FARE
sticky wax & °o|-&3ld gAY E IAHFigl).

L]
nall varnish&wax

laminate wax gp————

W ok I A F(CE)
IRM base(2mm)

G-P cone with
sealapex

distilled water plastic assay tube

Fig. 1 An illustration of study model



3. A8

EA A Aoks Mg AL} Y3t 7
T 2710 30 £+ 24Tt Ao 30% 14t
22 AF7}E etching F AFHAZAZ] o, &
BANIEF 002g 7 30% H:O» 204 & pipette
o] &8t X|g7tol| FAXAFIIL T Aol HAL
A Hol RM 02 YA 4% thd 16 ml
Z857} ©7) assay tube o] ¥ 37C, 100% 5
=7t A" 209 3 97 BRI 72
2 Fageasy & 4T B9AE 3
U 7HH0E N2 AR ndle FYT WY
o= F 3 39 BHEE AP v FHeict
%S S8 vixg g9 F BE AY
Roks Ae7E AMAske Al wet 10 /Y £
Falo, Al 122 B F 204 9] catalase C-40, 10
mg/ml, 10,000 to 25,000 units/mg protein (Sigma,
St. Louis, MO) & A7 2 A% £ 3 &
72+ A3 A 2 B FFFE AFSA, A
2 2 3 &< 4 % 70% ethylaloohol
(Sigma chemical Co, US.A) 3} acetone (Sigma
chemical Co, US.A) & ©] &3} 1 &3} 543
W o 2 AR89, A 4 FOBRE 7R B
HOoZ A3 Y & AlFo] Haksgas AA
of vl EFHHRAAE Yolrr] H3te A A
ote] X5} R ALE T2 ZHFE 5 87 A
AEATh AR AAE Y Xok= 16 ml & T
F57F T3E plastic assay tube o] YXAHA 37
T 2714 3 47t RS T FEE Aite
FAaFY %E 3 3 Sy I Yiae 7153
A} &4 REo 2= A thald) 204 & &
FrY A5E HEUE X5 ol 4L %
Pagon, A E2FL 16 ml AFFHF E
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Table 1. Z} 72| AR22H|

19 plastic assay tube <ol 30% HeOz 20d 7} A

3 mgieue) ¥E2 AP0

28 A TE AFHoE SA3] 9
3} silica cell (Pacific CSA International INC,
USA) Well 33137 3l assay tube W] &
HE 05ml 712 Q7] FHFE Hol AA &
Zol 1 ml 7} =& 3 & 10 mM ferrous am-
monium chloride (Sigma chemical Co, US.A)
02 ml ¢ 25 M potassium thiocyanate (Sigma
chemical Co, USA) 01 ml & Hoj= A59] 4
o] F2Mo2 e u 480nm ¢ UV-VIS spec-
trophotometer 1201 (Miton Roy, US.A) oAl
optical density & 7+ X0} 3 3] A3} 7|&
a3k 3 7} Xololl A A% optical density
EQE w28 sk ATY 58 ALt
3tod, 30% H:0: (Sigma Chemical Co, US.A.)
SAH O E 845l Hidsteage] REWAA
€ 8L F A7 FFE 74 AW optical
density & st thH(Fig. 2).

zZ} #74e] sl A A B3 F-94
& Kruskal-Wallis test & ]3] 2418} 0.0,
B 3o stslrage] wE@ge] 4Ede
Friedman correlation coefficient & ©]-&38}] 7=

3T

i do mu

e

I A

AR Fakslease EBEFAE FI] S8
Z4 30% H0: (Sigma Chemical Co, US.A) &
0 pmol A 500 amol M $JolA SAFHoE 34
&2 480 nm 332] spectrophotometer 9l 4] optical
density & &33t FAAF(R) = 0998 ¢l &
FZM Y = 00063X - 01205 & AH&E3l4cH(Fig

A+ A7 A A

A1l T+ Catalase (Sigma, St. Louis, MO) : 107}

A 2 & 70% Ethylalcohol (Sigma chemical Co, US.A) : 10 7}
A 3 & Acetone : 10 7}

A 4 & Distilled water : 10 7}

SRR Cotton ball with 204 distilled water : 37l

R Pure 30% H:02 204 in 1.6 ml distilled water : 37}
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Fig 2. Standard curve generated by 30% H:O:
dose response,

2).

Z 45 7}9] XololA 13, 23, 33] B F 7}z
9] optical density & &AL o|& s A
o] EFTA s Al Faslrade B
T35 59 30% H:02 20d 7} AARE B3] AR

FEHY 16 ml FHF BF 5% wo 5%
£ 100 28 A4S W EYFE 2z Aol ¥
g Asteige HAFTE permeabiity 2 &
Atslol HW Table 1. 3 2t} £ 4843 24
iz E FAeEasrt A8 FEEHA &%
ou AP E Flsleage F2o BF #
FHJUL FFHEE 0007 % o)A 2846 % 2 T
Farpon, B3 Frto) WE FHises
T FEHH] FBAE ZAE A, BY 2
3¢} 3319} FE%L 13 FEFol viE F9431
Al F7¥ R2E JegtH(Table 2, Friedman test,
P< 01).

3 33] B9 & catalase, ethanol, acetone, dis-
tiled water £ ©|-&3t] Z+ AR Xope A7} A
ARF-E ARG U AHA Y FHol wpE 2AE
sl aae AA EHE v 2 A, catalase
29 7 FAsFELTIE i 1% °F}E F4
Fito] FE2EHJLY & AF T oM E He

Table 1. Results of H:0: penetration in tested teeth after 1st, 2nd, 3rd bleaching

B33 Mean Minimum Maximum Negative Control
Tk Fix TE e TE i | Bk T
(M) (%) (#M) (%) | (M) (%) |(m™M) (%)
1 233 0.02 0388 0.007 48897 398 0 0
60,08 049 1579 0.13 84692 6.89 0 0
3 197061 16.02 5813 047 330142 26.84 0 0
Table 2, Statistical difference of H20z penetration after the 1st, 2nd, 3rd bleaching
FH 34 AHZ( M) %’S‘t})}_?}( M) P <001
Median Range Median Range
1st 233 088 - 48897 0 0
2 nd 60.08 15.79 - 84692 0 0 *
3 197001 5813 - 330142 0 0 *

* Statistically different by Friedman test ( Duncan’ multiple range test )

Table 3. Results of H202 penetration after rinsing with 4 irrigating agents after 3rd walking bleaching

( mean)
Catalase 70% Ethanol Acetone Distilled water
(sM) (M) (M) (M)
3rd catalase 3rd ethanol 3rd acetone 3rd D/W
bleaching rinsing bleaching rinsing bleaching rinsing bleaching rinsing
(Mean)  (Mean) (Mean) (Mean) (Mean) (Mean) (Mean) (Mean)
1805.01 16.44 212206 185.79 196563 17149 185230 1087.38




Table 4. Statistical difference of H:0z penetration between 4 groups after rinsing wiith 4 irrigating agents

Irrigating agents Catalase 70% Ethanol Acetone Distilled water
Catalase *

70% Ethanol

Acetone

Distilled water *

* Statistically significant ( P<0.01 ) by Kruskal-Wallis test

50% AE FEH F F Apoldle AR
FAdo] JANCH, e acetone E AHE 7
L& H&d FEFo] HAFHUTHTable 3 and
Table 4, Kruskal-Wallis test, P{ .01).
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& 93 FANE F2 TAF, TAHA o
olE, B¢dER vyoje 22 BAF]] FEE
AHEFo] ko) Hols XAy &) Ay 7
HIAME Au|F o2 Mz 7fade] 53tk
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243 gle] AR ZIldE G40t A
Hoy A &94EF A B9 & o 3Ys
FEHA|Q] Superoxd” ©] T3 HIJXL T F E
k2o Sujz M dolu AY|TE siste] &
A71 B2 E 8 E443A7]E thermocatalytic
bleaching® ©] £&3HA =HAoh 28y €& AMS-
3 uye] Bakgo] dAUAN ABNHIERS
ol&ale] ®ula] A& 7He] sk 2 wAy) At
AE FE8ANA B wE2A ¥9 98 Y
el walking bleaching” o] A7/i=] A7
A gda AEET ok 28y o133 walking
bleaching < WA X 9] M2 A A= 4T
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3] AYHAE FUAT A& FAE o5 2 7t
A 7VdEo] AMAIHAT Harrington # Natkin® 5
< dotA#AE B3l AAFY AFANE YA
7t ARES d5A4 F5 He] IPETaL s
o, Lado® 5 EE Xobe] 10% oA #EE
£ cemental defect 7} Y& A4 FolA#S 3}
g FulA| 7} X 7R Aol HAAITIHE oA
o] XFZF 9 MIEE o3 WY oR t}E
ZA 02 QAHY FHWA o] foreign body
reaction ©] Gt F7F AR A3,
Cvek ¥ Lindval® §- EWA FFo] dojuidd
YxHH o 2 XF2H) L HAL A I+

u Aol A frefd AldLdel SEE 4%

WS TR AL F7 oplEk BAE
th. §9 Hasselgren® §& 743 BYF o}7] 5]
E AL FFE ZA2Y 5 #dste B

HAR A 7L Aok 3 F71 AlE 2
A s ATY] T2 2 A430 A
= 8471 "83gy sk

Yuta o 2 o] o} 2|, £ D RAES] 4
o} 3} wjokA S B3t AL A Ao} 23
o EA ¥ =& SUAR §X, =L (smear
layer) o] 57U 2% §F o7 71X 808 o
slo] &S BE ASE A Aed®, BAHF
o] AL EFL K} mWEA kg Aoy 7Rt
22 By {EsHe F4 oL gl HE &
YH e Fhol2oy 97IE BH YT hy-
droxyl o] 2Rt} ol S T3 Fitgo] Goixl
o, Fuss” 5& HEAIEEF Superoxd ¢ &
& (walking bleachng paste) 3 calcium hy-
droxide paste & ¥ AXAZ] F FHAEE
FAVS A3 A7 Bk 4] oA E R
T AR B o o Jopal e HFe]
U kg Aol HE 2 JAE AJolde FA T



o] B3o] Tdt= Qo E ALFrty HE
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B9 8y & £33 UARE o AR
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o 78, 4, 249 pH & & L5
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#Eo] gl ALE BIHY jlon, FAEGE
ARQRE 53 TYAY AFHY FE) 98 ¥
B0 2 AFEGE AR o2 TP,
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3 HE ¢4 T2 wAYS WPt XFatoof
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g ol HAagAY WA + Jle ¥Y2
oL Mg A= A YR A8 9oE
Z=ty 8§ F A
Heitherasay™ 52 Aot 9143 F599] Q&
Aol thsted 9)24S ol EE Adobdel] 5 )
olgo] oAl R&AEHH BA F&o| &ol3
5ol F4& oIk g FAAY &4
7AYol A e AotlME F57F HIHIL gl
o] o|EZte] FAZ FAAML V= oo

S ARZR FFY FHULE AFZT
Madison®™ §& Pashley” 2] I (40Ce] &&E
BEANAE o FoldY EFAAL 2 WiE F713)
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t})E EOE thermocatalytic bleaching A] E¥uk
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& F57t FEEA GRS BAsEA,
9508 48 doiRtE BAY Hitele
A2F7F Aol {718 Z& F71A3) w3

H ol

o}

¢

662

Q

o\
o

e
lo

Z4 4 A+ radical ojy HAAE &
d ol F43Kth & Heler”
1S AMS-31A] 9 walking bleaching
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£713& =gy & F 94Ag”,
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W 3 AR OEFE B1F BE Z¥ = 30%
FABEASTE YA Z AH-EIY =T, Bowels 9
Thompson® 52 5% ©13}8] FSFEAFERE X
&= FA0) catalase U peroxidase ¢ A4S &
HHoz B & YL EIEHYE Ramp® 5
Loy A 005-01 mM AE] FA3LAS
2% glucose A collagen §43S W3ty &
A% ( bone activity) & Z& 3} alkaline phos-
phatase 9] A4S ZAaAA 1 39 FE2YAIAE
Fo At A&H & & ARGl Arta 3}
2.1, Rotstein® & 30% FAArassE Y
A2 AR 3 Aol WetAy €] Ca/P ratio
o] ZAE BAEHEA ol 7 A s
hydroxyapatite W €] inorganic components 7} &3}
7] wEoln o|& Qldle XjolRxFH ] A
Aol &S F F o ZAAYA AR of
oty F33h

Simon™ E% 30% H:0: 7} A4 X3¢t ¢
AT w79 - S o8 F S
Bydded o ¥4 AEAFE 2 I
A3rae7t AXEE 44 38 F 7R 7)
Aol - AA, AENZ JF31o] Ho] 7] &
A3 EAE IZAA B &4 o%

= A, A, AdF g BHIiFsEo] gle Al
E 9upo)] AHHQ] HAE o3k A - 9
e AZE A F A+S AAAT

wetr] F4X] BYA] NARLEY BHA FE
< Zo7] A% & WHOE Ladd® Fol o3 #
A G NARE AtAAE HHATE oA
9 X7} AL ASHNL I F o)A FF
o TEXHA E T dg g2 A7t JiNe
U gAERT gi Aol ARE BY FI Q)
t}, Brighton® & IRM ©] Bt} $53 o|F &3}
& RYUY 3em, ol gAY ExHX e #3
Ho”, Costas” 5] A7l E o1ZA7F Wby
A oA spdel XA Aol e B
AIE BT oY A Q] & B
AP AE 238 o1ZAE Y
AR thh A YXAIZ] A pelA] Bt &
& o) gayt veisth ¥¥ Macksac #
Hoen” §& EYAE & F34 d7E F3 A
AR F7t BIIAY BE Xo}EL oA E

> oX o
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A ko, 841% FHNME B A3
thermocatalytic bleaching 3 #&#o] IS H
7=

olof] & dAfoAe EHAY FEol] JEFE v
A ALE B 48 AAEY %L 71
AL AA St YEE AAFAA Y F
2FNg Hrishy] sy, 99 a9t e

R

=}

-

T U= TTR
IRM & ARS8l A Wbz AARE
Ag A3} HaP3A APHOE CEJ 1 mm
YR FEE o]ANE EX Y} ¥ HAAEo
A o83t XF7 oA ATHFOZE AFotA]
TE AR A I FYo] Seurve § TEHA
CEJ 7ZAARe] 7 122 mm ¢ AZE F1 &
gtz ol ZAA Y FAE 2 mm B oH,
ztzte] Aojoll AME-EE BWiA| 9] Gx FYUFHA
&7 $1319 YFelA ARS-dh= AX ¥ mixing dab
A e dBHOZ EFsI ro] ALEE}
A &3 002g ¢ HFAUEES WA X7t
o Y& ¥ 2 "EE AAAZ e 30% HOe
204 ™& pipette & ©] &3] 1 A "oz
T ARE APk w3 iAo w3 A7)
EolAY APTA 3 Y o1F2E BuiAl9 &
Aol A9 #FHA L AoE Y} B A7
ANME 3Y ZHE2 g Ao, x5 &
oRlE /1B SRS QAo E AL
o iAo EAFE FVMAL, duidY A%
CEJ ¥t ofug} X F7ke) Ade] gle AL
dx EHAS FEo] AAH B HAHPAE
CEJ 9X AZ&FSZE 3 mm, XF&ECE 2 mm &
A g YA XoE 9= nail vamish 9 wax &
& 3] E¥3le] SALAE AP
gurzg o 2 219 7S cementum-enamel re-
lationship & TF3tH oF 10% oA+ CEJ oA
Wgd s webgo] Thtx] gol AdopA el kE
9 AR EAQEE A8 BIPT YT 2 A}
Folut ARlojE 22 XollM T F9lof ulet A
Z Aol dAE HAT dEA Utk
Schroeder” §& 72 X ol E o S
Holl A Arold ] kZo] 53] go] FFAHJTIL
HY3HT AFXAMNE & 4% , AR A
o 25% RETNAE Aoldo] xE2HNSS B
stk Wk B A7E 2 BHog wx|d

— =Y

—



Ao A] Spectroscope & ©]438t] CEJ Aol
e Xopghe Mt AH-3IA U CET 9 &)
Boha e} oA @e] FYPEA T YA Y
EqAe] S nAT L9AE g3 AqA=Ax
g3 uokE 7HsAdol Jon, 53] AE Aot
A 57 (remaining dentin thickness) & ZE& 4¥
Aot A FUBA FUFHA X A% AdEH
o B 9%S FAS ALE AZ4ET

B EE s sse] ¢ AFHLS
2 Z3% = ol ol JsAEE o%
3} ferrihiocyanate method®™ ¢} GSH peroxidase &
25 943 Gunzer ¥ Fo] vk & AFANA
A28} ferrothiocyanate method £ #AtskeAa7}
ZA)8h= A|F9 ferrous ammonium chloride & ¥
o™ ferric ion (Fe*) ©] W&E3 o7]e] thA]
potassium thiocyanate & H7}dte] HE& 49
ferrihiocyanate complex 7} A ¥+ 7k, 480 nm
A2l UV-VIS Spectrophotometer (Milton Roy,
USA) & 7+zhe] F33% (optical density) & &3
e WMo g o] FFALE A FEE §41s
7] 9)ME 309% H:0: (Sigma chemical Co,
Ltd) 99S dAHO R 343l HAFPee &
FIHAE 42 F 7 HololA FA% FF=(op-
tical density )& 7] Wddted FEd FH4itst
Fi9 g AAE FUth

o ENZ B AN HHEasY A

H F23%E permeabiity & §4hete] B o]
A& EXIFAE EF3L, H& 0007 % ol
A Y 2684 % 7HA] Tesiglen] By3is v
#3le FaAsHEe] FEFE K99 7 A
o2 Jehtth(Table 2, POOL). ol 7z} XolE
o] sj5-5+4, Fejhy thodat JE Aot &
7l 2 BAe] i XA gsht-ge] vhekAel
7108 o)l Holk F& Aotk 77 T 4.
alet AX| 9 AP A ot FA7 742 17
mm, 10 mm & RY3HEd ek waking
bleaching Al EHA9 F&2 HATOE Fo|J)
M= XA R Holde= IE Aol FA (
Remaining dentin thickness ) & FHth3 HEdE=
Aol YA BulA|9 FE& HAPLE &
d & de EFHA Wyl Heg AlgErh &
3 2 AgdAME YRl A E AT &

T8 RM & AHS-3H] Steiner 9] ¥H™ 22 |
AEE AT AE BT BE 4F Aot
AH AZFHE T8 YA FZo] ¥ &
ZeNed e YT IE AAsES A A
371 AE & WHoE X5} AHAE ol g3
AL YFHLE gu7h Yo & 5 e o
T CEJ R4l sz EAss ¥
dentinal tubule/mm’ & A7 W 5oz
ol & AoE AlgdEn

2 AYdA da AR7IY AA ZHE v
@ A catalase 7F 7P} $SUL & A H T
A 7P Rgkem (001), AEEH oHE E2
& AFZETE I a7t $estuAt FA S
A fredS Tk wEM BE QA
AFEEEROl < ol8std Awie AAs= ¥
MoEE AEshs MIEEY B471E mEA T
A7l ERH]] WL HA) Rk Aes 4
e, ot AW B F A7k A
of wet FsHEY FEF HAHLE Fase
A& Tomeck™ ¢ BIA HE FEo| e

‘o) WA HEd 98 HHHAY AAHo T

decomposition 7] W Eo 2 FZH}
Catalase” & AQA= BE THFEY 239

. ERE gom Al AdHes ERjEtrt
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¥ F AAEE 49 oxygen radical o A&
3l X2 B33l antioxidant enzyme S.2M,
olgf¢] 2 G4l &3-S AR 1 mol 9 catalase
¥ 5000000 mol/min 9] H:0: & 77} &3 44
2 EIA7IY old Ed=le SRS ok gt
2o ZFqF catalase FEO v BT

CAT+H:0: — CAT-H:O2(complex I) - (1)

CAT-H:0:4+H:0: — CAT+2H2040z(catalase
activity) - ( 2)

Ao A dojuvhe catalase o] F3HH-3-2 wf
+ WEY HE ¢ quUATE EAE 3, &
v pH A= A 9% TARL & 4947
oA HE GAZi] Al o) IMIBES &
FHOE AAT & Q7] WFol Y & XH
dolsle HAkstEe 93 RAL-S JuEe &
722l antagonist E4 1 444 €80 dg 7
gttt 28y catalase Y superoxide dismu-
tase® B glutathion peroxidase” 3 Z& an-



tioxidant enzyme & YAOlA A AML3E7] 3l
ANe B Ago] et FYPHUE o] &4
7} 37159 AtA) vl A v dE
of B¥A; F97F Ho gt WA HAAA
HAsHTh7b AR3 ok abe, B self-life 7} &
o} A|Zbo] AATFE HtstE ¥ decom-
positon &7} Z44d}7] wiiel] F717F AT &
$3 Eg 7He] v &o] W] Wi 1 o
AAZR QX G 7ot ASE = e B
2o ge] 4% AAolth oy HA¥AH
AetEolL} oMES NHARZ AMES Fo] & Al
AR HASE AA FEo] Lr3tgsd o
© a7 &afE e X Fo|u ol Hd g
AHHOE FUANF7] Wolztr AztEr) u
A B F A Egol} oES W £33 A
73 22 o 5 F A% A3AHAY F2 o)
E Aol XFE Ao AAMEAE - g 9,
£3) GAelM ALgEtE Aobd HAAR] Primer
A & B (Allbond 2, Bisco Co, Ltd ) ¢] 74 ace-
tone ©] 60-99%, ethanol ©] 10-30% 2 NTG-
GMA 7} 1-5% 5ol ol A8 ik
o] opM|Eo} NErE 7L water-displacement
solution 22 o]Fo4A Qitk - AMESE B &
AN Y o AdotHl e S3Eo] A}
3 Qe AL radical & EHAHCE AAY F 3l
g B oy #A FAA] Ah AFl g$ F
RIE Adgte sz gu F BAA] Y &
Y A% A fARY F& & AN
g Ao JFAHLE B Ego] E ALE A7
=

£ d¥4+4 99 a3} 9% IRM & CEJ
Imm 3ol o|FANZ AE-ste XAFRZe] B
A 72L& ASIH2NE B4 BE X o}
AN AHEE 53 BuA 9 FFo] thekEA oA
AL, FHRFT) 2 3 IE ool vlH sl
HielEage] 72T 33 S8 2R U
EPX%EP otetr] 2 ¥HE-3te] walking bleach-
ing & APt Agode Kok F2A WA o
U At 9F5et 2 AR sFeAdel B A
O F QASEZE ol oy AolA 7+ A
AR A& AJold e FAE BEIE Ao FA
He, B3 247t F6 9 e 428 E

l
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A HHEAQ B¥eS APt EXHE hy-
droxyapatite W&} #71/3%2 &3] 75495 S7F
HA QEFE [ ol Mz/RNEY g3 7]
tet7] oS+ EE BRFEEE 93 saturation point
A71E BE dAse Ao FLIT  F 4l
o} B3 Spasser §9 FAAY T 549 A
Askraa il FEAVEES FRTE A

FITT =

3l WHE AN A &3 A7 oA 4o
AZAT )2 FALL 4T YT Sl

E‘i‘im% o= Ef_a%sﬂ 2 A Th
e *ﬂ%‘zl Ful&g At ot

&5‘1—!:1)-5} WZE AL T FHkE 9lFolL) T2 x|
3,45 F SH5E BRUAS o) gate] Fas o}
}a A% 015 oHE EL AFFTHE K)o

Heste 4] Abs gl BE FAHOE
A]fsgfs]*— o 12 F7be] A7 BegAY &
2% & Jor By BT e Ak A7)
o o8 B3N SR A AQe) 2
9 # A= Ae #E 5 AL FFAHL
EE FEAY HAFES APstd A Wl
E Fast A FEAY FHE FINE F 3

€ A7 AFHT

AR Aok BAE A AERE o
A7 Falol} Bg HE &4 T
W ste] 28 3tefof str Ao} 1% ‘}°4°1=
ste &d g o tER OI:E:
HAE £ Qe FNZA0M PEE e de 9
AHog 229 99 2Edy ez; % QATh
A8 O walking bleaching ¥ oF7]2 4 ¢l
olFE AR AFFE AAY, €, BYA

Lo rf¢

BT oA 7, BE Aol T, we}
MY AR AR 2 S oy ARSI
o) G BE & YoM TARGE s
259 FER AV F9) 239 S4o) AR
A2 Foo 490 Y ROR AT} HeA
£ ATE o8 sl Aske] BY F wopy
¥ A% JONBE BT kL
& P8 YAOR ZRIYL EF g A%

F AAAE AGTOZA EW T st
7 Aol BEBTHE AE DR YA}
k. olsk HEol olE HAlY BEAE AZY
CEH oJHE AH o] B F No] E3)



= FAEE 9 e XFE2FHol XA
Bo| F4 9 &AL dsiy Bitezle] 289
AT Efol 2 F e Iy AR &
Aoz gro g wWe A7t g3 49 5 3l
S Ao AzEc IV 422 o AR
#HE BEUE FuF IsE g5 vehe A
= YFF) 7 FEAELEY pathophysiology
o #g B} F&g Hrr} o] FojFof & AL
2 AZEY o}y I 7|AHY LulE oFE E
U2 BYaEe] g% FHxF ] L28$ 55
Hoz Add F e T 9 ot &
A9 e B A&H A3x Y23 A
R

vag g

Rex B¥ie F op|HE AN 4FFY A
oY 95L 57 golle AFAol & F
A2t oAl 23S Bl AAE F
29O 2N Aopdzl Wobde] WS 2HFAY
AF 2A 9 &AL FEFOEA oplHE 7}
AEo] AANST Qick old] # A7 FY F A
Aol AZ3= FASES AHHOE AAF] 9
o] B BFoZ WXF AME ATX 46 7Y
£ Ads] F3FANEFT 30% HO: (Superoxol)
£ 0]4-8}9 walking bleaching & A% th 2
74 R 2 AR] A HAZ antioxidant enzyme ¢}
catalase ¢} water-displacement solution ¢! o €&
9 acetone E 7]Ee] THOE AT QU= &
ARE A4 5719 AA 32 AR

& ol &3l FRENEY EAGHOZ {94
< Frksty a3 2 2F4E 49U

1. 89F XNFEE 53l reHe s as
9 FEE O #FFHALoH B3
v#dte $2F2 FIAAUA SAATHP <
01).

2. A7} NFAF ZE AE AR7Y AA &
FHE catalase Fol 7MY AL & AR
o] 7} Ao m(P ( 01), 23} ofMEF
2 &3 AA EFE JERAT

3 B4 EWE antioxidant enzyme ©]1} water-
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displacement solution 2.2 XA X7t
EAE Mgz XA T3 FAtst
ES 59302 AAY &+ Ut

olde] da y5ke] MASIELAFE A3
walking bleaching ¢] ¥HE-3 A8 FHEHA &
o0 ¥ ¥ antioxidant enzyme ©|Y water-dis-
placement solution 24 X|73FL AF7 FAE Al
AgohE A Fo) AEde AL A7IE AHE
SZ AAY F glo] AFE 4FF ¢ AT F
A9 45 S A FAELL AU £ gl
M, AE3= AALE QU3 B3z AqEo] A
SEE AR Bg F QAL o2 A% FEA Y
HAFES Z2AA Ay RIEE £95 3
I FEAY Y AFANE F e ALE A
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