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[Abstract] Objective To investigate the inhibitory effect of polydopamine (PDA) on enamel demineralization in iso-

lated teeth and the induction of hydroxyapatite (HA) production on the surface of demineralized enamel to provide a nov-
el protocol for the prevention and treatment of enamel demineralization. Methods Twenty isolated bovine teeth were
cut into 20 enamel slices and randomly divided into an experimental group and a control group, with 10 slices in each
group. The enamel slices in the experimental group were immersed in 2 mg/mL freshly prepared dopamine solution and
incubated for 24 hours at room temperature in the dark to prepare the PDA coating, while the control group was left un-
treated. Then, the isolated bovine teeth, with and without PDA coating, were immersed in artificial demineralization solu-
tion at 37 °C for 3 days, followed by 7 days in simulated body fluid (SBF), and the immersion solution was changed dai-
ly. The surface morphology of enamel was observed by scanning electron microscopy (SEM), the calcium/phosphorus ra-
tio of the enamel surface was analyzed by energy dispersive spectroscopy (EDS), and the characteristic functional groups

in enamel deposits were analyzed by Fourier transform infrared spectroscopy (FTIR). Results Compared with the con-
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trol group, the number of demineralized pores produced after 3 d of enamel demineralization with polydopamine coating
was less, and the diameter was smaller. EDS elemental analysis showed that the Ca/P ratio after enamel demineraliza-
tion was 2.37 in the experimental group, which was smaller than the 2.53 ratio in the control group. In the remineraliza-
tion experiment, after 7 days of remineralization of PDA coated enamel in the experimental group, lamellar grains were
produced on the enamel surface, and the growth showed obvious directionality, growth regularity and uniform arrange-
ment. In the control group, the surface of enamel was flocculent mineral deposit, and the crystallinity was poor. The FT-
IR results proved that the enamel surface deposit of PDA-coated enamel was HA after 7 d of remineralization. Conclu-

sion PDA can affect the nucleation process of HA and promote the production of HA on the surface of demineralized

enamel.

[Key words] orthodontic treatment; white spots; enamel remineralization; dopamine; polydopamine; hy-

droxyapatite; bio-mimetic mineralization; in vitro study
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K bl 5 i B 38 BiPR g Rl T BRE (white spot
lesions, WSLs ) J& IF B 1A 97 e WL JF & e . H
Tl R 22 B0 5 s Bl o I 40 1Y & AR RO 50% ~
70%"" o BCEAE Rl BT 3 R S R AR Y R R K A
(hydroxyapatite, HA) PR AL . 6 o 45 % 1 o T
L ST Bl S A RSORl 20 i TR A B B R
AR P A R AT T, Rl BT — B2 4 O B B AR
Y S SO e o DRt /5 X TF W 30 WSLs i 47
TR A3 2 IR YT

T4k, Z2 B % (dopamine ) i B HA JE B2 W
FEGS, B L2 % (polydopamine , PDA ) T J% 19 17 7¢
FA CHA St T — R G R 5 A4 T, DA T
DATEBU: S5 4 3l S Ak 3 3R S 78 45 RO AR
PRI -7 A —A~ PDA W', DA JE HLAY PDA
RS AN — b AT P T8 i 4 A i i 5 T A9 1
Bl e pERE, T EL AT DA A A S R E K
PET . PDA 5ELBTA SR ENA AN VE T A 2E v B
JE ,PDA IR 2 HA RAFHIIN A, AT 7E KRB K
WIEEHT . 75 X3 S5 BT, PDA TR JZAE 60 CHY
ZBE KPR 36 d 5 ThIRERE , T HL R K R fE
TER I ] B Ve A A RE DR R 4 o AR S50 LL DA
H I Y PDA S iz s | Ji a0 A2 0 46 v 35
A BUHA , WEEE PDA 25 4 2 il S5 i 4 1 410 il 4
FH B AE WA 2 il S50 ¢ T 175 S HA 2R 1 0, Ry T3
Bl F1A T WSLs #2368 1Y S5

1 #MEFnAxE
1.1 HH5E
Z O R (A R ER AR A A,

), MR IH VAL (KQ5200, B LB 754 28 A FR 2
AL ED B i A HOEIE (Y (Hitachi S-4800, H 37
o), HAS) K ) # ML (IsoMet 1000, Buehler
Ltd, Lake Bluff IL, 32 [ ) , 474 H3. 5% (nSM-5600LV ,
Nicolet, 32 [§ ) , {ff BL i 7% 46 21 41 O 1% A (NEXUS
670, T R ABRAFE, HA),
12 AILBF R E

R TAE N TR, H 5.0 mL KOH 7 %
pH N 4.5, 2 DL R B F/KEZ 21 000 mL,

1 ATIBRE W (pH=4.5) B Hl %%

Table 1 Preparation of artificial demineralization solution

(pH=4.5)
Component Quality/g Total volume of solution/mL
Ca(NO;), 0.361
NaH,PO, 0.264 1 000
KOH 0.280
CH;COOH 3.000

1.3 Bkl E

T A5 LA K (simulated body fluid, SBF) , £
B 7K - Na® 142.0 mmol/L, K* 5.0 mmol/L, Mg**
1.5 mmol/L, Ca** 2.5 mmol/L, CI” 147.8 mmol/L, HO-
CO* 4.2 mmol/L,, HPO, 1.0 mmol/L., SO+ 0.5 mmol/L..
LB FIKER
1.4 Z2eERVERE

FRICO.12 g M Z W I, K& FKER Bl &
2 mg/ml 2 i 3% W 3L 100 mLL, 3 ff 5 B 5 A
37 °C, %% 4 800 r/min. 5¢ &% )5 , 1 10 mmol/L
Tris-HCl 2% #h i %% pH {5 %2 8.5,



b

Als&mBAE 202246 108 %$30% F10H
Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2022, Vol.30 No.10 http://www.kqjbfz.com - 701 -
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BT IR L, 454110 i, SEG 4L RRAS B i T3 fif
Bc il ) 22 BB R, S0 G R ERE 24 h, il
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N, T4 s X B2 R AL,

37 CHEMEA W P REATE N T
B3 d,E S AR, 8K T — ) A T
W BTG, 25 B8 1/ RN i 88 75 3% %6 20 min,
TR B0 0 25 B 77K Ve, S T T I 4
FOF REZH A R BT V) 45 5 7 VR R 3RAEM 8
1.6 T ki Ba A 5%

W5 047 i T A 1 S92 56 2 06T R 2 5 Rl R
%5 R, 4 R i T O E W SBE BT 37 C
() e IR AR , 4 K e — YR SBF, 75 3 B B oF b R &
AT, FFERIRHT d SR EU  FH 25 1K AN
HiHR 75 3 Uk 20 min, B B0 A9 58 FOKIEE =
bl N O 2 (1o g
1.7 &4E

A H5 # 7 B 5BE (scanning slectron micro-
scope , SEM ) WLEZ il i 22 TR 50, B B 3 d 19 SEM

K5 A Image-Pro Plus B, B A A FLBR B
2o 38 2 g 5 A HOE 3 [ (energy dispersive spec-
troscopy , EDS) 43 Afr il o 3 180 45 8k LU o AR B v AL
21 AN IS AL (Fourier transform infrared spectrosco-
py , FTIR) ¥R TR v 0y R Ak B RE AT .

1.8 %It F o

pecs Image-Pro Plus A ) BT FLBR AR S
H K JH SPSS 26.0 Ge it 4R AF 53 B & , 58 T X ¢ 46
55, P<0.05INAHERAGRITEE L,

2 &% 7
2.1 SEM VLA BLA 4L 32 5 A i & & 7% 3%,

I&] 1a {715 S92 36 20 28 Bl Jo 3R 1T Y PDA JHEJBEE 55
¥io) ot P, B b SR AL Rl B T
JBEA™ 3d AL BRIS , 2l TP S s IR LI, R/
— 2, [F IR G A RO R . I e BRI
AR 3d 5 B A FLBR /N, Z oA [A]
I LB o 1B 1d ~ 1 S B Acb L5 o 2 5
B 4 B 22 AT PR Ak 7d 5 9 SEM &L 1] 1d W] L
B BN B A28 R 5T AT R /NS S 1 2R ) 5
DU, TTRARSME 45 e 22 . 18] 1e 1 BT 175 55
B2 AR B R A T ROIRARORL, AR KRB R
J7 Tl AR, HES &) — 2,

AT AL B 3 d J5 , % B 2 il o 3R A AR AL
Bt B A2 R (421 £ 0.71) wm, 5255 20 £L B B2 0
(2.09 + 048) pm, A ZEF HA G IT22E XL (1t =
19.392,P < 0.001)

W a: X2 000, precipitated on the enamel surface with polydopamine coat-

ing, the coating morphology is uniform, smooth and flat; b: x2 000,
control group after demineralization for 3 days, honeycomb pores with
the same size are formed, and the glaze column structure is dissolved

and destroyed; c: X2 000, experimental group after demineralization

§ for 3 days, the pores of enamel with polydopamine coating are small,

scattered and shallow; d: X4 000, control group after demineralization

for 7 days, there are flocculent mineral deposits of different sizes, no specific shape and poor crystallinity; e: X4 000, experimental group after

demineralization for 7 days; f: X1 000, experimental group after demineralization for 7 days; e & f: in the experimental group, flake grains were

produced on the enamel surface with polydopamine coating, and the growth showed obvious directionality, growth law and uniform arrangement

Figure 1  The surface morphology of enamel after demineralization was observed by scanning electron microscope
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2.2 EDS % # LA )& b i & & CalP 1k

W12 P A B s Rl o 3% T Y EDS [ AR 4l
EDSAR 2T R & i AAR 1, X BRZH 7 2l o 3%
RT3 d )5 1 Ca/P HE N 2,53, T 5255 2H PDA
TR RSB 3 d S Y Ca/P [E R 2.37 1 T X IR
40, BRI bR E HA 9 Ca/P 1 (1.67)
2.3 FTIR 54 F fh R iR AR 4 P 40 45 4L B 4k

&1 3 & 22 LU A i S S0 2H 24 h PRl B0 AR
S A F A 7 d S RS DU 1Y FTIR Sk
Blo 24 h 2 fh ST R ) 0635 ol DL #3283

em™ b Y BLELE T I 04, 3 R PR A O-H R N-H ()4 4
TS IIE B, 1 644 em™ Ab 1y 6 &2 43R | C=C
B IR SN, 1 515 em™ Kb 004 2 N-H (1 55 21 4%
3y, DA b 235 SR W AS S 90 FE SRl T b B o 45
PDA )2 . B ML 7 dJ5 AR R DTS 1063
Al LLE F] 3 572 em™ Kb Sk O-H A9 R AFE ML I e i | 1
089 cm™ &b PO W4 IR Bl . 3 572 em ™ A0
U6 J& F HA H %) O-H £ A1, 1 089 em ™ &b (1) 14 )& F
HA H ) PO B A, UL F FTIR 45 53E 10 FE9 1k 7 d
Je 25l o 3 T TR 1) 32 B4 HA

a: control group after demineralization for 3 days, precipitated the Ca/P ratio is 2.53; b: experimental group after demineralization for 3

days, precipitated the Ca/P ratio is 2.37

Figure 2 Analysis of Ca/P ratio on enamel surface after demineralization by energy dispersive spectroscopy
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—DA
Enamel-DA

801 Enamel-DA/HA
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Wavenumber/cm™

34 it

DA: dopamine sample; Enamel-DA: enamel deposits before demineralization
in the experimental group, precipitated the peak at 3 283 ¢cm™' was formed by
the superposition of O-H and N-H stretching vibrations, the peak at 1 644
cm' was the stretching vibration of the C=C bond on the benzene ring, and
the peak at 1 515 cm™' was the shear vibration of N-H; Enamel - DA/HA:
enamel deposits after demineralization for 7 days in the experimental group,
precipitated the peak at 3 572 em™ is the characteristic absorption peak of O-
H, and the peak at 1 089 em™ is the stretching vibration peak of PO,"

Figure 3 Analysis of characteristic functional groups in enamel de-
posits by Fourier transform infrared spectroscopy
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FHOAE™ o IERERE R AP AR TG [ 5k B ARG
FEFR) AN BBl T AR A FT X o gl 25 A
WSLs B AE A Jri 08 (14 il 5 B A X, 5 17 A A T Wi
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LA FIAT 175 40 £ B R L
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5 Y T Mg 8 5 A DR A0l 5 S0k 1 K A R A
13% 0 JAR BRI A — € S BRI, MR Y
S BH 1 T2 Rk Ak 5 o RO AR ) 2
i AR T4 R 7 AR T SR R o BR T AL AR
K 1 AR B TR 22 iR - 28 JE 2 4% ( casein phospho-
peptide-amorphic calcium phosphate , CPP-ACP) i,
THRSE G . A WE SR W] S SR o A
EL , CPP-ACP 1 I35 2 [f1 i 22 FY) ™ 5 A JEE 90
Jr A 2251 A CPP-ACP i S , A W
GBI b B IRt B2 B A 1 E R84k, WSLs
RN PR YT 7 i EE A MR AR B S
WRRH AR GBS . A UFIE B T o
T2 3 SR BT 45 4 T RS BRI R TE S BRAh BTR R
1% [+ S 2R 5 8 1 e S 1 A LRI TR B, AT 3
BT R IS B AR B O AR A R
WSLs [ 160 28 14 3 A0 R A e 2 219
J2 A 5 BEURR IR R i PR VAR o B B s BRI
SRR TF LA B T R, A5l T 1 PR 1 B A, AR
MR Z R B a8 2 — A FE R, it
2 Wi 2F AV AT (L ORE 2352 W WSLs BB (LR 5E
PR TDORDRE B2, PR, 7 2 TR — A £ ik
ZF Rl SRR A 18 [) IR R 40 ) 2 Rl SO Y TR B
ROk

e DU BREBR PN 5 AT i MR B 3, 4- TR BRI
% IR (dihydroxyphenylal- anine, DOPA ) , 1fif DOPA #x
MRF R ZEA 25 A LB 2R Al . DA J2 DOPA 1y —
Tl B AT AR, () IR — T i DL b 22 4%
YR, AR TR TP E W E ATz G
o Lee 55" Kt DA ETEA: W52 vh i) =32 Y ik 2 ik
e 22 s Y, JRRE pH (Bl 8.5, LA iR AN [+]
MOAARE, A7 5 T E 24 h, IR 2495 T 820 50 nm
[ PDA i JIEE , 53 192 122 90 F1 75 7235 5 PDA S AT)
FEAE, FLARBHE A7 . DA #% ¥ 24 h 58 BN PDA
WIS TLF- AT LR 3 A A o] [ AR R 2 T 91
& St R GRS S S TR AR
K, DA B Bl HA TP sAY B T AN BT i), PDA R )
FEAE A R A5 i HA S8 438 T —Fh 8117 09 05
HTJ7

T AR BRI AR R 2R AR, AN [R) A2
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PDA VBN — B 357K et 7], o008 T 80 1 1 i 1
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2% |, PDA & )2 % WSLs A7 3 /6 T, BE /b
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B FYA YT WSLs #2435 T —FhoBr 0 B 5
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