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Effect of urushiol primer on remineralization and adhesion
properties of demineralized dentin

BAI Tingting, WEI Fet, SUN Guangdi, CHEN Xue, ZHU Song
(Department of Prosthodontics, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Obijective: To explore the promotion effect on remineralization of demineralized dentin of
urushiol primer applicated in acid-etch-rinse adhesives, and to clarify its impact on the longevity of dentin
adhesion. Methods: Ninety-six freshly extracted, caries-free third molars were selected to prepare the
dentin specimens. Following acid etching with 37% phosphoric acid gel, the specimens were randomly
divided into blank control group, 0.3%, 0.7%, 1.0%, and 1.5% urushiol groups, and positive control
group (acetone solvent). The treated samples were placed in modified simulated body fluids for
remineralization for 14 and 28 d. Attenuated total reflection Fourier transform infrared spectroscopy (ATR-
FTIR) was used to detect the relative mineralization mass of minerals in the dentinal tubules in various
groups, and X-ray Diffractometery and Energy Dispersive spectrometer were used to analyze the dentin
surface material compositions in various groups. Scanning electron microscope (SEM) was used to observe
the surface morphology of the specimens in various groups, Vickers hardness tester was used to measure
the microhardness of the dentin surface in various groups, and microtensile strength (nWTBS) was used to
examine the effect of the bond strengthes in various groups. Results: Compared with blank control group,
the conversion rate of adhesive double bonds by primer in positive control group was decreased, but the
difference was not significant (P>>0.05) ; but the conversion rates of adhesive double bonds by primer
in 0.3%, 0.7%, 1.0%, and 1.5% urushiol groups were increased ( P<C0.05). The SEM results
revealed that at 14 and 28 d, compared with bland control group, a minimal membranous deposit in
dentinal tubules was seen in positive control group, minimal mineralization displayed in 0.3 % urushiol
group, significant deposition of loose mineral particles with blocking the tubule orifices was found in 0. 7%
urushiol group, noticeable mineral precipitates exhibited in 1.0% urushiol group, and relatively empty
dentinal tubules were seen in 1.5% urushiol group. The microhardness results showed that at 14 d after
remineralization, compared with blank control group, the microhardness in positive control group showed
no significant improvement(P>>0. 05) , while the differences in 0.3%, 0.7%, 1.0% and 1.5% urushiol
groups were statistically significant (P<C0.05) ; at 14 d after remineralization compared with positive
control group, the microhardness of dertin in 0. 7 % and 1. 0% urushiol groups were increased (P<C0.05) ;
at 28 d after remineralization, compared with blank control and postive control groups, the microhardness
in urushiol groups were significantly increased (P<C0.05), espectially in 0.7% to 1.5% urushiol groups
(P<<0.05). In the pTBS test, at 14 d after remineralization, compared with postive control group, the
uTBS in 0.3%, 0.7%, 1.0% and 1.5% urushiol groups were increased (P<C0.05) ; at 28 d after
remineralization, the pTBS in blank control group was the lowest; compared with blank control group,
there was no significant difference in the wTBS in postive control group(P>>0. 05) ; compared with positive
control group, the pTBS in 0.3%, 0.7%, 1.0%, and 1. 5% urushiol groups were increased (P<C0.05),
espectially in 0.7%, 1.0, and 1.5% urushiol groups (P<C0.05). Conclusion: Natural-derived urushiol,
as a novel primer, can pretreat the demineralized dentin substrates, and facilitate collagen cross-linking
within the dentin matrix; moreover, it leverages the phenolic hydroxyl groups within its structure to attact
calcium and phosphate ions, envelope dentin collagen fibers to promote remineralization, in order to
enhance the strength of the resin-dentin bonding interface.

KEYWORDS Urushiol; Dentin; Adhesion; Remineralization; Hydroxyapatite
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N\, i Amide ] | :
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S = N i ;
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= ~ 2 | !
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o ::nideA/‘AmideB COntEO e & “Amide B
320218 ¢ 309162 / 329352 . 307661
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Wave number(cm ') Wave number(cm ™)
A B
A : 14 d after remineralization; B: 28 d after remineralization.
A1l SBAREAATR-FTIR GG B A B B B T 7 JBERE I+ (Bh Ak 10+ A BR 2 3%
Fig. 1 Amide A, amide B, amide I, amide II, amide Il , and phosphate spectra of ATR-FTIR of samples in various

groups

#£1 EH 1428 dREHAREAPO] /Biik I B HE

Tab. 1 Ratios of PO} /amide I of samples in various

groups at 14 and 28 d after remineralization (n=3)
PO} /amide [

Group

(¢/d) 14 28
Blank control 1.12+0.12 0.98+0.06
0.3% urushiol 1.59+0.12° 1.9040.08"
0.7% urushiol 1.94+0.22° 2.390.04"
1.0% urushiol 1.9940.21° 2.3240.18"
1.5% urushiol 1.984+0.13 2.29+0.05"
Positive control 1.25+0.18 1.2040.07™

For different capital letters, statistically significant differences
are shown only for different primer concentrations in the same
(P<<0.05).

significant

remineralization  time Different lowercase letters

represent  statistically differences  in  different

remineralization times for the same primer concentrations (P<C0.05).
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RMAEMNER  FAMEAR XRD K255 mE 3
fin, ZHHAMERE (PDF 09-0432), 4 fkib
M28 dJa e A A A W 20 (degree) =25.82°
(002) . 26(degree) =31.84° (211) #1 20 (degree) =
32.13° (112), W ULZE| HA &) M A 77 5F i, Ik
TR AR NS A AR A S HA A . VE
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Blank control

X5 000

%20 000

g

X 20 000 g’,

0

.7% urushiol 1

0.7% urushiol 1.0% urushiol 1.5% urushiol Positive control

A:14d; B: 284d.

B2 FHok148028 dJe FARATAR/NMNET IR YIR K SEM LR

Fig. 2 SEM observation results of mineralized particles of dentin tubules at 14 and 28 d after remineralization of sam-

ples in various groups

#2 FEWi14F28 d)SEDSWEREARAF AR /NET

R ESBER T A

Tab. 2 Ratios of calcium-phosphorus irons of dentin tubule

deposits of samples in various groups at 14 and 28 d after

remineralization detected by EDS

Blank control

[\ 0.3% urushiol

\
N\ A N NS M M mn

0.7% urushiol

Ratio of calcium-phosphorus irons

“
1.0% urushiol

Groups
(t/d) 14 28 WW
Blank control 1.44 1.26 wm
0.3% urushiol 1.61 1.64
0.7 % urushiol 1.67 1.68 35 4Io 45 5Io 55 60
1.0% urushiol 1.65 1.66 Diffraction angle(26)
1:5%0 urashiol 161 169 B3 Pk 28 d 5 & GLRE AR T A D B ALY Y
Positive control 1.47 1.50 SR XRD B3
Fig. 3 XRD spectra of mineralized sediment crystals
20 (degree) =32.92° (300) #I 20 (degree) = in dentin tubules of samples in various groups at 28 d
45.24° (203) 24U, E ST A% (1) 550k i 75 b 2% o after remineralization

%, FWIHIE BUW AR B T 2 0 45 T
2.5 BHFAREI4F28dEHEEBERT AR 1.0% 11,506 B By A A 28 R It W ol fel B2 T o
BERBRE SHUAEI4M28dE, 2R (P<<0.05), 50.3% WM i, 0.7% B4t
R % 0 Ak B B SR R AS BB L ORE FE W AR R, AP AR R BAMEE T (P<<0.05). RUIZERS R
Az puT B R PH M B AT LA, 0.3% . 0.7% . WATER YU . B k28 d)5, 25 Fxf gl
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B P %ok R 2L R A O A I A B R A R ARG, e o )
AN [R) e J3E 14 V48 0 DV AR ) AL ) R AR 2 AR A o T
ER BT E (P<0.05), £ 0.7% BEBmM1.0% &
Wy Ak B S 0 AT 2 AR A 28 d JE Y RE R T v B o B
W WL 3.

K3 B L1428 d 5 & HEEA T 24 J ) BB
Tab. 3 Microhardness of dentin of samples in various groups

at 14 and 28 d after remineralization (n=5, x=+s, HV)

Microhardness
(¢/d) 14 28
59.34+1.06™ 57.60-+1.83M

Group

Blank control

0.3% urushiol 62.06+1.30" 65.54+0.71"
0.7% urushiol 66.08+1.76"™ 69.58+1.21*"
1.0% urushiol 67.1241.86" 69.7440.46""

69.260.98*"
60.1240.50™

65.8441.85%
60.3840.47"

1.5% urushiol

Positive control

For different capital letters, statistically significant differences
are shown only for different primer concentrations in the same
remineralization time (P<C0.05). Different lowercase letters represent
statistically significant differences in different remineralization times

for the same primer concentrations(P<20.05).

2.6 BHARIAA28d8AHRABERE WFK4
FER, U R Iy 22 50 1 45 R WoR 2 Fp R R 78 2 A
PR R ORUR MR B R Ak d 8] v i 328500 3
(P<<0.05). & 14difbabP)s, 25 F X g REA
0 W TBS {H 5%, 5 x4 2 18] A 22 57 046
TR S (P>>0.05), i 5 45 v BE 19 38 9 S U 711
uTBSH LB 2 5 A Git 22 & L (P<<0.05) .
0.3%. 0.7% . 1.0% M1 1.5% % W 41 A [R] 72 &£ M
P T wTBSH, A4 5050 41 a) LA 22 55 B S 12
B X (P>0.05), Hrdv1.0% % By 2H 0 k5 00 1 B
o M2 28 d LA HL)S , HAT 0. 7% B 4L
wTBSH e, RUZAUR 20 e, B ik
Rtk

3 3 8

AR AHLIE b, T BB R 90%,
HAp 100 FEAFEMEAMIERIFEEHR (non-
collagenous protein, NCP). NCPs {1 i 7 7 Jit i 75
[ (dentinphosphoprotein, DPP) X & 4 py il 4
(] 4 A 5 i A A S B4 VR T, T) isf 2 2 6 )
TR 1 0 G 8 R A Y R AR T T R A L
(dentin matrix protein-1, DMP-1) i i 5 45 A% & 7%

£4 T 14F28 dERARETEFTH nTBS
Tab.4 pTBS of detin of samples in various groups at 14 and

28 d after remineralization (n=3, x+s, MPa)

Group nTBS
(¢/d) 14 28

Blank control 23.5945.12" 22.3245.04™

0.3 Y4urushiol 32.43+3.23™ 31.00%5.78"

0.7 % urushiol 35.76+6.43" 38.1244.54
1.0 % urushiol 36.70+4.60" 36.18+4.924%
1.5 % urushiol 35.19+2.44™ 34.2745.14%%
Positive control 29.2841.37* 27.8641.29

For different capital letters, statistically significant differences
are shown only for different primer concentrations in the same
remineralization time (P<C0.05). Different lowercase letters represent
statistically significant differences in different remineralization times

for the same primer concentrations (P<Z0.05).

IS G RETT, AT AR mARK, Jf
HARHO W . R NCPs il i 3 i 7 A
B E AL, AH DA A BT e i ORI 48 Ak NCPs ) I il
Pedl o B, BF5E Al T NCPs 289 £ 2 15
A Or ik, R AW S WK BT K K
(polymer-induced liquid precursor, PILP) """ %
20244, B AT Z A NCPs K018,
PAA, ZRBERMIAER CIGHERERSE Y. PAA R
B R NCP 2R, HAAT LI DMP-1 )8
FEJE WL 5 (amorphous calcium phosphate, ACP)
AR IBORL 25 5 7 5, 38 RE A B BE AR ACP kL
5 8 T 21 4 18] Bt b g 0 AR o AIOME X 3 A Y
PAA L RERRE ACP ™. KW, AR5 iE N PILP
B 7 98 & A PAA B9 SBF AE b o AL A 2 15 1)
DLHS o g L 2T 40 Ak B8 1, DA T 02 i 0 A P
b, BE G -5 AS BORS $E8

PR T 25 700 EL A v A R RV A rlL R B A Y R
PE i BE % W] I A ME AR S W R R B A A
Yoo DR, PN A AR R AR B Tz B
SR 5K e O WESEE A R BN H AL, R
(C=0) FrIE n iy S 5 AH X 855 , A JH &5 1 A 6 i
O R0 25 K 1 T T A Ak ARORY 2 4K & b i K g
R N (17 R 7 DO R Tk W LB A1
BEEIWRSE Y R s 5 H A HLIE ) A, P A
S EDC 1% 50 B A B Y 0 s S R g, Tk
FARTE A A RS R AR 4E NP E, Rl 2Kk
PEFEAK I EBR, 58 B K EAR B E . P,
A5 6 1PN Ay DU % 300 60 59
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51 1M 20254E 1 A

VR T S — i DA 0 25 R 4 B AR BRLIA,
Pha s N ) 7 i [ S N R 1 ¢ 1
B AT Rk TE R AR S Y, I LA R T S
Tl PR R K PE Y L RS R 0.3%. 0.7%.
1.0 #1500 M Wk EAE I SE g W B2, 7£0.7%
e BE T BB L 8 AR SO I R A S R RR B, DA B o
HAE YRR E Ve o B B 4l A v i I R R 14T AT LA 5 |
SBF H 85 fe 25 7, 20d PAAREM ACP B3
Bl oo 1 S B R 7/ P TR N DY LA o S
TR 2 TR 1 T A I D 2T 4 £ Jet 1 1) ) 4 0 400 T
W, PRFFIR R IR A SE et D P L Bt
BT G

AW 5T 25 F 5w o T R A 1R RUERRR B A R AR,
AT BB R T PR AR T o R v, BELAS TR 42 5 R A
B s, M C=C # A ik ™. &R s
0 2 1) % A 23R I R T VR EE 1 T v T RIS L X S
F s Y — 8, R EIRENRB LA
14 BEL R H o

A5 ATR-FTIR R 45 R B . @@
T G % 1) Ah B S 1 2P AR AR PO WA AT 35 1 42
Ft, KHZT A BB A A G NE N AEE T 5
Wy A i, 2R SBF H A9 PAA 1 E&E ACP; B[]
T AR JEAE A B AR W 5] ACP By & FAE K, ek
T AL 0 T8 B R UL AR . 2 R TR R Ak B
PO /Bl 1 W EB B4 T, £ 14 dJ5 prf Bikk
PRLA A A AL AR . SEM AR IS5 B BoR . &
iy ST 36 2 0 B0 A A 5T /IS AT IR B 2 B T )
JRUCRL, 1A A X B 4L RN s X R 2R A o o A
/NIRRTy B B EDS K4S B L. £ 28d
PO LA FES , 0.7% F1 1. 0% 3 By 4 A A i oF A&
/N N TR S B T L S HA B B T
B L AE ARG 5 XIRD K 45 SR 48 R 5 4k I /9 5 1F
e 5 HA bR AR, B fb28diE, 0.7%
VR L ) R RE Rl WL R &SRB AR WL BT W)
st s, LRSS REHFATNENNT
¥ HA, 2 B3 A A2 F - 28 A o i Ak
fEH -

AT GO B RS R AR SR et S
O A I % TR P A A Ak B Y B ) T S
o 414 d BV LARBRS , 5050 A 0 3 T I XA
AR s . pTBSIK, Hafk14d)E,
s R tds, BHMEXT B4 uTBSEZE S L4
2R S, HORTRL M B2 9 R T 4 2 1) 22 S A e it 2

B, Hyfh28dia, BRO.7TY%IRBAIN, HAeL
4R p TBS S 14 dAH A FFRAE, (HAh B E S
TF25 O B2 AT BHPE XS B2, 3 B3R 1 S 36 21 R A
NS R KGR, 0 AR R o AR - AR R A T Y
Kt am i, WP IR R A RE K, 0. 7 %0 B By 41 3%
B M O S ARG B SR L R T R R R T Y IR A
SR R T T R 1 T R S T D AR T ) R A R S
FHEE A, T B S U R 5 41 4k 2% 1 1Y) Ui B8 7K R 25
Bk T B et RS T R BT S R ET 4 v o
Kk SIS BE =2 087, R WA B 1 5 K 1 ET R AR
KEBA, SEmMAERRRS 2R, Bk, @
PILP )5, 7684 PAAME N NCPs WP 0 T
T, BRI A B P A A @ e vl
IR R A E R R AT A, T 18 R
Jig - 2 A SR 12 (0 T A

e = KW RUTEBMZHBEDTR (B
MR WMy F AR ET b, R, EHiG
F RO LA IS, AR BN N R R
JERAG, T 30 2 AR TN A5 I TR E
ARG REY . BMAERIKEN, £ —Eny
A B 1] NS AR DU B 0 28 AR S i Ak, i
fil A A0 = W N - 2 A UK 2 B TR B AR M
AR ET Lo b, T E AT Z RN
WAL SRS, JF R H A6 Sk BT A I PR S B o g )
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gi LT, ARHIF ST 4 S 3 IR I S U R e A it
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