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[ Abstract ]
durability of self-etch adhesive. Methods: Different concentrations of captopril ethanol

Objective: To investigate the effect of captopril on the dentin bonding

solutions or captopril ethanol/water solutions were prepared to pretreat dentin as primer
for the self-etch adhesives. The surface morphology of the dentin was observed with
scanning electron microscopy (SEM). Based on the morphology analysis, the pretreatment
condition was selected and two self-etch adhesives were employed to evaluate the
improvement effect of the captopril pretreatment on the dentin bonding durability.
Results: SEM showed that the pretreatment of captopril ethanol solutions and captopril
ethanol/water solutions were able to remove the smear lay and partially expose collagen
matrix. According to the SEM results, the pretreating condition of 0.15 g/mlL captopril
ethanol/water solution with the pretreating time of 30 s was selected for further dentin
bonding study. For Clearfil SEBOND system, the immediate bonding strength increased
from (30.80 +4.70) MPa to (37.48 +3.20) MPa (P<0.05). After one-year aging, the
bonding strength of the control group decreased markedly [(22.90 + 6.82) MPa,
P<0.057]; while the bonding strength of the captopril pretreated group kept steadily
[(36.56 + 5.10) MPa, P>0.05]. For Clearfil S* BOND system, there was no significant
difference in the immediate bonding strength between the experimental group [(34.70 =
4.07) MPa] and the control group[(31.33 +4.11) MPa]. But after one-year aging, the
bonding strength of the experimental group was higher than that of the control group
[(32.36 £3.58) MPa and (21.43 +6.27) MPa, P<0.05]. Conclusion: The pretreatment
with captopril ethanol/water solution increases the dentin bonding strength of the self-etch

adhesive systems and also improves the bonding durability.

[ Key words | Resin-bonded fixed denture; Dentine of tooth; Bonding durability;

Collagenase inhibitor; Captopril; Hybrid layer
[J Zhejiang Univ (Med Sci), 2021, 50(2): 179-186.]

[ GEB&1E | A 42 %% 88 (matrix metalloproteinase, MMP)

3 2 1 s AR B DL e = — | LR
R fEER B BT 41 S AR O 1M
BRI IS I = R ARG TR
YA ] 1 I A R A T 0 2 TR A 4 SR R L 12 %)L
B 0H U RN 34. 5%, 5 4 LTIl R N
70. 1%, HJL# B GRS AR B,
BB IAYT T R R R TSR AU | e
FVh A S MIIRE . b6 MR Rl AR e
REE I, ARG R O R G5 75
BURIT L. K1, B RT7E SR S R

D5, AT G & B R APk . A G
TR, AT G P AR R IR K 45%
I, $2 2 AW IR X A R4 (I H2: F AR 5 ) 1
22 5 R RTUR 22 5 K M 2 28 1A R 4 401 3l ik 1 i
PR i)

FARFIE—NEAER  FH LS AR B
B 30%~50% , KA (ARFR AR 20% A5 4. F
AR R 2 i KGR B A BRI BT 5 B 2 A
AR SRR BR 5 A AR R SR ik A, i P
WA AR TR A 1) IRAE” 5kt 3



MR, 45, -RFEEFIFTA BT A PR IRG H 0] AR BORS A AR 520 - 181 -

FHRAEE 21 T IRA ISR A
JEFC SO ELAT AR | L TR B AR B 92 B X
L A R S 5 A 3 SRR A RN
H R A K T A R R i X
SRR £ I TR 5 1 P K At (MM 458 ) o
VB K A S 200 T A0 T T ) O R % 2
i, SEOR A RN, M5 0 A SRS $2 14 %8
SO e A I PR R 7K
B S DRLE T IR A 2 MR T S 5 A e L T
SR BRI B LB A R A e A,
SR 1R 2 L G BT (R | BT A S —
TR R T (R E M | — TR A TR B2 40
SRR S

1§ T I T 40 ) 70 990 s s D 1 T 2
AR — A R T B T A WA e B
Seitg gyt RAE AR R AR K2 Y 1
B 2 AL EE R AT LI MM P-2 Al
MMP-9 B 1710 S T 00 o e D e e . LA 2
RS ST 48 - B AR 1T 280 e e s [ P 1
o 5 5 5% £ A S5 e DB T 3 3 B ) L
WLEE K BN, - 62 ) B A 0 o T 280 e D5t i 14
FAUT) SRRk 2 SRR YR A 2 A P
e FE IR g A2 R RS 422 1 T4k B | T LA
FARFRAE A MR, +
FEU A & — AR 75— MR T R B —
SEMITRTE . 2K AR RAE% AR A
T ot 70 F Ak B0 3 o o A 5 3 TR 14
RS F3E LSS I SOHLBR A T, IR A Je s i
SRR B I L S AR A R R ol 2
ZATE.

1 HRSHS®

1.1 AR A

0. 1%Z B AN R EH Amresco 28 B 7= dh ;s
FEEF)  TK TR ] Sigma 28 B = i s 75 HU
TRk MebE BERR A b BB T AR AR A A R
ST AAEN A SRS | K BEIR — A
B LKA PR ER Ry 1 25 5 L AR A PR A
F b T AR AE #% SE BOND | Al SR JE 55 S°
BOND 4 H A Kuraray 23 7] 72 & ; 2250 # flg 1 35
[E 3M ESPE 23 @77 #f ; ZAPIT %% 4 35 [1 Dental
Ventures of America A 5] /=i o

PR 5 1 BE (SZ61) 24 H AR Olympus 28 A 7™

i 3 IsoMet LS IR 2 U EIHL N 52 [H Buehler 24 7]
FE ; Nova nano 450 Yk B AR S N 36 [F FELZY
) 72 0 Radii Plus LED % B AL AT S 3 K | 0
SDIZAE] ™ i s SR A3 32 [ Bisco 24 Al 7™
it 5 B0 bR R RO IR TR () A FR A ]
L
1.2 ANBEIERF USRI

CEWTT R A B 2E B BLE 1 s s B e B2 51 2%
it #E(2018006) , I 28 f8 F HUE ] &2, WO AR DA 1A
56 JE) R B R T EEAR BRI B =R T R IF
PR e T Pk o2 JCHE IR % 4 15 60 it
TR BB IS 4 C TR T 0. 1% S A1k
R A
1.3 RIEHE A FiAb 345 i 1k

FAE )RSV K R I B KA 0 Jr
AT UIE], PR A R, ZR R A AT, R
WA TN A R B e 4 LR . RS EAT
T VIBEAR 7 AR 2 I U — A9 1 mm
WA A AR TTREA . 2F A B A AR 3 T R fifi
500 H .800 H 1200 H 2400 HERALiERP4EHEG,
FB TR E VLS min, AT LB 7K
W, 4 CN A&

55 B REAS BEAIL ST B 9 4. (n=3) , 53 AT
WF AL A U] 403 5 B 20 0. 10 ¢/mL<
FELEH BRI (100% 2 BE) A BR15 s 5 C 20 ]
0. 10 g/mL R 4G H 2 BV (100% 2 ) 4b B
30 s; D 4LH0. 15 g/mL-RFEHEF) L BEE R (100% 2
BEALFELS s E 20 0. 15 o/ mLEHE%H) 2 B i
(100%Z. B )AL B30 s 3 F 244 10. 10 g/ mLARFEEF]
LR (50% LT ) AL 5 s ;G 41HH0. 10 g/mLF
A OB (50% L) AL PR30 s s H 241
0.15 g/mLFKHLE F| L B W (50% L 5 ) 4b B
15 s; T HO0. 15 ¢/ mLRIEEF L BEE W (50% 4
B AbFH30 s, Z8ad bRy kil A 25 LA IR 22
it 37. 5% .50. 0% .70. 0% .90. 0% . 100. 0%, B
TR BE B K (B BEEE IR /K 10 min, HiA 100. 0% 2,
BV ALFE 2 IR ), IF 2 7 B i T REMIRIE 3 IR
(BRK 15 min) , 90 F T4, @13 & i B
T B O SR A R IR . ARl A 2 A
ARFEIEH, T f B RS A AL A
1.4 BIRS A A AT 25 R3] b 3

PSR BB AR ZF 40 TR BU)FIHLAE 2 20
KV A A T L Ty AT IR BRI



<182 - WL R 224 (R4 Journal of Zhejiang University (Medical Sciences)

P, 8 AT . AL AR A DA T il
e A RbR . AATREA R M 500 H#ib ik
WA, 5 B F KM TS min, JEAHF T2
BTk 4 CTRAE %

W 1 £ B B A T BE AR BEAIL 43 B 4 21 (n=10),
Sy AT U AL

X REZH 1 >R F AT 2R N AE#E SE BOND B0k H
R i R G4 R K A5 Ul B R 70 MR 2, e
i FH 2250 B IR HEAT 40 2 Fe 38 (B Ik R 3 AS 4
1 mm),Radii Plus LED JGE{£AT L1500 MW /cm”
(ot DR E RS s o WEIRFEIHE LS mm 2R

SEOGAH | AR eSS R B0, 15 ¢/mL-R3E
e S (50% LT ) RAEA KL 30 s, SR I
KA SR AE % SE BOND WAk H iR th 22 4c 1 1R
7R UL A T RS 4 56 (8 2250 i
EHEIBELS mmEJE

X IEZH 2 % AT SRR AERE S* BOND — 423
R i R G4 R K A5 Ul B R 70 MR 2, e
fiiFH 2250 B AR 4y JEHEYE 2 25 mmBERE

UL 2 MR vELE SR, 2 FHO. 15 ¢/mLKHE
) LRI (50% S ) X AEAALBE30 s, SR 5 7
KT AR IERE S BOND — 251 [ R h 2R 5e ¥ I
J SRR UL A T BURY 32, e (8 2250 B il
A JEMEFE B 295 mm/BEJE

A3 R AR T 37 CREF K
24 ho SRIGHUHREA s DI E AR EIK R
e EURG BETT 7  UDEIRRAR | ] £ A 4B T 1 AL
1.0 mmx1. 0 mm, KEZ8. 0 mmAH IE—F A i &
ARFEAS 4521 B B — 28 A SRR AR B AL 53 B
Ay (B A A RBA N 10 %) o —FBAr it AT R
ZI PRI, 55 — B3 A7 T R R 6. S0
N TR (6. 8 mmol/ LEALANIA , 5. 4 mmol /LG
ALERES U, 8. 3 mmol/L EALFEE WL , 5 mmol /L 7K
Wil — S BN, 0. 046 mmol/LIL/KBRAL NI,
17 mmol/LIR Z VW), B B 46—k, 37 C &
b 1AE 5 A TR At
1.5 Sep Al SC AR B 2 A S o At i

W P G A SRR A ) W it T ZAPIT 2544 1
FE TR e B 38 2 e A I SO % 2 A
JiERZ NGl = %N o 1 € VAR . W VR LiiA DI 1= 8T 33
1 mm/min, H 2R JESEAEARKT LT R
A S s . TR AR T bR
JNBI = o N T T S R 1 i A e = R = N ]

BT o AR A IR o BE (M Pa) = Wy 22 a7 24
(N)/ﬁzlg*ﬁiéﬁﬁﬂ:{(mmz)o
1.6 R0 IR WL SR A AR iy S 1 T T 350
Wi

PR RTAT Gl Ve 222t e R LN N W D e R
SUREA W 24T SR TEE S, 0 W A AR
W BE—ZF A AR AR i A W R4S, R AN [ o D 2R A
O3 IR WAL ST W 2R N SR 2L . BT B
FLHR A M W B AE M g — 2 AR TTOR, 422 19 St
T 5 PN 3R DRI R4 i A AR O 2 W 24 0 B o2 R TE A AR o
B i 5 TR W 2R REAC IR R b B A 2 1 T bR
2 WAL N R,
1.7 Sit2orik

K SPSS 20. 0 # i A5 4e it o0 b, RAE
I DN 26 567 LA [ 281 1) B A [ 0 st i) 5 A A
PSR, W TR A R — R A AT e A e —
SEAHDCHE IFAESE AT, PRI B A 0 e A 9 )
PRk A [R]— 2 0 19 2 S5V S — A~ BEAILAR A2
AR IE . P<0. 05 %5 HA %112
2

2 &% R

2.1 RALEH AL H A R 1 AR
PR A Bon , KRG R AL A A H# i
AT FM(E 1 A) A AT NETE TGRS,
W) A A L R AEEAT ML RN 2 3T (3575 )2 ) 8
Wi ZERIAN[FIVREE AN [R]ib A ] R G A £
(100% LB ) T RAL RS () A AR i e 1 (& 1 B~E)
TEMRAALET ™ R B 5 R b R 2 A o e 1 2
URTES , AT NEMSR G T 12 76 A 15 9 7
T fE ALY T S A S5 2 T A ML) R 2 o A s ek
) 2F AR 0T R L0 2 I R A5 A . &t
0. 10 g/mLFEAEEF] 2 BE (50% L) IR AL R 1S s
30 sHY AT 21 (F1 F.G) AT/ I3,
15 R JE R A R A TR) A ST S R R A
() 2 FLE5H , A UL B B8 AR I R 254 . e
0. 15 g/mLREALEF| 2B (50% L1 ) TR IRAL FR1S s
M A BT (1 H) AERAE PSR R 50. 10 g/mL
PRI F 21 (50% £ 18 ) 7 RAL B LS s 130 s
A F T SR 5 (B AE S A5 LB T S A T R
) A T ARAR ] WL BRI AR . 4
350, 15 g/ mLARHEF) 2B (50% £ 15 ) 5 W Ak 73
30 s A A TR0 (K 1 1) AT LA B/ NE P B



WRIZAR , A%, R T TR BT 19 PR TRt 2670 S A JSORS He 15 AT AR5 ) - 183 -

FRR=10 um

FRR=2 um

e e .

FRR=2 pm

FRR=10 um

ARG RATE B ;B 0. 10 o/ mL-RFEEF] 2B (100% LB ARHELS 55C:0. 10 g/ mLRFEEH] Z BEA TR (100% 2.5 ) A B30 s

D:0. 15 ¢/mLRFEEF| 2 BEA TR (100% 2B MBS ;0. 15 ¢/ mLR I H 2 BEA R (100% B2 ) 4h P30 55 F 0. 10 o/ mL BRI H] 2 B0
W (50%Z ) AbFE15 535G 0. 10 g/ mLEHEEF Z B (50% 2 B2 ) AL FR30 s H: 0. 15 g/mLARFELE | Z BRI W (50% 2.1 ) Ab R 15 s

1:0. 15 g/mLRIEEFI L HER W (50% L) AL FH30 5.
B 1 RAE AT 3 2 B A B

Figure 1 Scanning electron microscope observation of captopril pretreated dentin surface
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