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Abstract: Pulp capping agents are effective materials which can preserve dental pulp and treat caries in different
ways. It is urgently demanded to establish a guidance to select the appropriate pulp capping agents according to the
conditions of pulp and cary requirements. In this work, morphology, composition, physical, and chemical properties of
three commonly used clinical pulp capping agents, namely dental zinc oxide eugenol cement (ZnO), self-curing
calcium hydroxide (Dycal), and light-curing calcium hydroxide (Calcimol), were studied. Their antibacterial,
cytocompatibility and blood compatibility were evaluated. The results showed that ZnO was hydrophobic and its
effective component, crystallized ZnO, could consistently release zinc ions, giving its alkaline environment to inhibit
bacteria. Structure, morphology and components in Dycal were similar to those in Calcimol. However, its surface was

more hydrophobic and its release amount of calcium ions was larger than that of Calcimol. It formed an alkaline
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micro-environment, thereby possessed good antibacterial ability and biocompatibility. Meanwhile, Calcimol was

hydrophilic and convenient to operate, and released less metal ions. Due to its safe composition, Calciomol exhibited

excellent biocompatibility but slightly weaker antibacterial property. Our results suggested that these comparative

results might be a useful clinical guidance for selecting appropriate pulp capping agents according to the degree of

caries and the health status of dental pulp to treat the caries.
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Table 1 Content of the three samples

Sample Components

ZnO Zinc oxide powder Eugenol solution

1,3-butanediol bis(salicylic acid)
vinegar
Zinc oxide
Calcium phosphate
Calcium tungstate
Iron oxide pigment

Paste A (13 g)

Dycal
Calcium hydroxide

N-ethyl-o/p-toluenesulfonamide
Zinc oxide
Iron dioxide
Zinc stearate
Iron oxide pigment

Paste B (11 g,
with catalyst)

Urethane dimethacrylate
Barium aluminosilicate
Barium sulfonate;

Silica
Triethylene glycol dimethacrylate
Calcium hydroxide

Calcimol




512 W

Fo W8 = ol 55 A T ()8 FH A o B HEAT IR A,
H Dycal 7544 A 1 B BIFHAH 4218 1 1 B 5RE .
=M RE AR A Y 2 RR, 2R E R A iR R
(5000 r/min, 30 s)¥FIX %L SEHET BRI T B
R 13 mm K BEBEE F b, DR S 2R AR
ERTIIE
12 FREFMMEMS R

K F B3 AT 22 19 4 7 5B B8 (SEM,  S-3400,
Hitachi, Japan)# %% ZnO. Dycal f1 Calcimol = Ff
mm MRS . R RIS {X(EDS, S-3400, Hitachi,
Japan) /M AT AR R TR T & KA X HHLRATHA
(XRD, Rigaku, Japan)73#7#F i (1) Bl 7 A SR AH, F94
TG 5°~80°, HFHIHZ K 0.08 (°)/s.
1.3 FREIEEMERLE

S AW A4 fih £ A3 (SL200B, _Lig A 15 B R
F A R A A EFE A # ZnO. Dycal Fl
Calcimol 437 B THES & b, RSk ) FF 5l 22 T %
B2 pL Ak, MR ERE SR ARE f5, 3
A 3BT RGO BRRE 5 FER 50 BT 5 L L 1
Befb f RN, DUK BRI 3 3 [ /R it R4
14 BFREMH pH RIE

K HELECR & 25 B A T R SR TS (ICP-AES,
JY2000-2, Horiba Jobin Yvon, France)ill & 55 %77
Ca BT Zn BT IRICE K 54 RE AIR HEAE 10 mL
gk, BT 37 CHEERFFMN, 12 4h.1d.4d.
7d F 14 d B BRI SRR, e Hod Ca 1A
Zn B FHIRE . B RO 24 FLAR, &L
A 3 mL gk, 37 CHEERFHNME 3 d, M5
fi I pH it (FE20-fiveEasy'™, Mettler Toledo,
Switerland) W 5& %% 204 it 1) pHe
15 HmEMSEETFM

K= KB KA # (E. coli, ATCC25922)
O IR M & W A EK W (S aureus,
ATCC25923) V¥ = Fh a5 8 771 A P TR PR BE o 48 B =T
Fis#% % 10’ CFU/mL %% 1 .
151 ZHERMER

A B /R 3 E K & ¥ (AlamarBlueTM,
AbDserotec Ltd, UKl 55 i 771 X 99 Fh 41 B8 5% 7% 5
M. =M ERERAE A RINRS 2 h 5 ET
24 FLAR N, HL 60 uL B RRINTERE 3R TH, SERERs
FIREEIHET 37 CHEHFRM TR 24 h, 2
Ja LI ART /R #3057 500 L, 485575 2 h )&,
1§ FH g AR A (EL X800, Bio-Tek, USA)K: il 4H B 1% 77
WAE 560 nm P AKALEE . 590 nm K AL K 5 S
BT . 4 B AN S P (Cell viability)d% T 20t 5

WIS, S5 =l PR 55 875 A 0 A 1 R AR AR 2 X L A 1451
Cell viability = —test ~Flonke 000, (1)

control FIblank

ot Fliese NFESA IR IEERE, Flyam N AR
PEIEHRIE, Fleonwol AXT HEZH 1) 9 6 5R B
152 HEEFITE

SR FH 20 A1 B 9 B0k SR AT 55 0 770 AR B M R
P KA B AE 24 FLANBE RS R0, 31 40 Bl # Fh
60 pL ¥ ¥ 10" CFU/mL (40 3-8 T 37 “CIEIR
BRFRAR PRI 24 he BAES/NOIRH, TREAEKE
B, IMNAEREK 4 mL, ARG 8SE % E O
B, R B MRESERTH 2 B R . K A B IR A R R
WA EEARE 100 fi5, HX 100 pl % B W0 n 18 7%
DRGSR, FHHEREIR ST, BIEAE 37 CHHER: IR
FERREFE 18 ho KRG L RS (FluorChem M,
ProteinSimple, USA)XJ %5 i I 4 B 5 i 35 7% 0L 47
R T S
153 HIEIFMR

DU B 2R FH T 20 BT 2 S 70 A R B 1 SR DA
¥ 100 uL ¥y 107 CFU/mML (4 B 8 515k T8
FEBRNEAR, B J5 K & 2R b {800 OFE b 11 25 1 70 T
I BT B B AE B B AR 0, 37 CEIRES 9% 18 ho F]
B 5% 2 e sk, MEMEIE.
1.6 HYHEBEEN
161 ZHREHEEMENIR

K ST A6 = IR EEE DR A TR A
)N & T 41 fis (HDPHCs) (Cat No.1047D)%f LbiF
#r ZnO+ Dycal Fl Calcimol —F 55 i 771 1) 21 Bt #H 2%
M. AHIES IR AN 10%05 4 3% (FBS, Gibeo,
USA)HI 1%75 55 3= /55 %5 2 1R & 7 (Hyclone, USA)H]
a-MEM FERHEE F27(Gibeo, USA). ZHHIEs FRAE & 4 14
TR B 5% CO, B 37 CIEIREE A k4T .

W SR AN KB AR BE 2 h FIFE S BON 24 FLAH 5 97
B, VA BE R 55 E R I B E 15 A ot R . A
ok R 2% 1 BT e & ALRE o S, AL D FE A
2x10% cell/mL ZHffI 2% 1 mL, $3: 3 d J5, WEH
BEFRM, AN E A 10% R 3535 Se i (1) 35 e 15
FRWR, F B R 3 W S U0 B PR, R B AR X
T 5E 41 ff % F3AE 560 nm YK AL A . 590 nm P
A S 5 1 2 S 5 FE A
1.6.2 M&EHEBMEMX

K FH b A8 38 K A B e R4 1= e 4 At 1 i v
AT MLVRAH R PRS0 . 25 B8 T K RTAE 3 36 K 4 S
I A 0 R R B P o) R o & ZEL R A O 24 FLBRGFE I
1.5 mL A FRERK, BT 37 CEEA M A 30 min.
# 0.5 mL FAEFEER KON 0.4 mL (L3R N HTR A 350 .



1452 T AL A R R

38 %

HOMRE J5 B 30 wL AN it 4k 8255 77 60 min.
IR AR OB S, R IS AR 545 nm &b
W . ¥ I (Hemolysis ratio)$% T =0t
OD, ~ODyqy
ODHZO —ODyyq
HoHH, ODyes RNFE S ARG, ODycr NAFEER
IK IR FE, OD,o AR 41 7K [RIR O'G FE o 345 1M1 26 Bk v,
P A 25 T B 22
17 HESZITHH

iR B IG AR IIE 3 Nk 3 AL AT SE
5%, il HEHE G134 GraphPad Prism 7 X 2% 444k
AT 0T, 45 il S N P E bR iE 2 . SR HERD
o AT 7 v %o B AT R M E R T, p<<0.05
TR BRI F R UR E W E R HESTE
FRidA* p<0.01 NEERZEZER, FridA**; p<0.001
R EZE R, bRid e,

2 GRSt

Hemolysis ratio = x100% 2)

21 FREBEHUER
Kl 1(a)’y ZnO+ Dycal FI Calcimol J& ¥R FE i [

ZnO

Dycal

Calcimol

K1 FERREIMN SEM HE A (a) & H EDS #8155 H 45 £ (b)

SEM JESilE fr, EDS Jt 3 & & A gs A gh 51T
Bl 1(b). ZnO FTH EILHERIEICIFIEI, ®BOK
£ 3T 2 AN 5T IR Bk 254, R B RA
%A C+ O F1 Zn. Dycal Fl Calcimol & il AH X KL K,
RIMEAAMLL, 2 Dycal 2¥RE th, M Calcimol N
FLEA . P R ORI ORI T MR AT
W, Calcimol FIRURL K/ A BRI, TimfE
MEE ] WK & (I FLIA S5 # « I EDS JC &R & &M 4
BE, ZnO FEM R EES C. O fl Zn st &K, H Zn
JFEF 43 #0k 3 10.7%; Dycal #1 Calcimol H#)&H K
M C. O fll Ca jLEK, {H Dycal FIEEH 2.2%M
7n JGH o

P 2 Sy =F ke B9 XRD B . B RS AL, ZnO
T WK TITH 1 ZnO 15 B 45 i ; Dycal 1 Calcimol
s iig 2, (8BRS, Dycal EERHH
Ca(OH), M54 A Ca(OH),, LA K /b&E /) ZnO;
Caicimol F %45 §iAH N Ca(OH), LA K /b & SiO;.

Bl 3(a) A i B8 M ORE B8 5 [ O R4 )
ZnO. Dycal. 1 Calcimol PUZHF¥: & 1 2= I £2 ik /1 1
WA IR, RIM-FIEMmA 7 h 61°, 90°. 75°H]
220, X5 R, = PP PR H FH 55 88 77 i) He ik Ay

®
Element  Atomic/%
—~ C 521408
5 0 359+0.5
et Zn 10.7+0.7
2 n Zr 13£0.1
'z
o
&
=]
&
CO g4 g
Zr Zrir Zr
ZrZ1 71 .
1 2 3 4 5
Binding energy / eV
Element  Atomic/%
(o] 47.9+£0.8
’; C 334+0.8
= Ca 9.1£02
S’
g P 4.1+01
i s 33+0.1
w
Z +0.
§ n 2203
E Co m Py Ca

Binding energy / eV
Element  Atomic/%
. [ 45209
= o} 42307
3 Si 63402
} Ca 1.8+0.1
= Al 1.5+0.1
§ S 15£0.1
g |co Si
c Al P S Caca
. S S2Ca
) 1 2 3 4 5
Binding energy / eV

Fig. 1 SEM images (a) and EDS results (b) of three samples
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Table2 Comparisonson physicochemical and biological
properties of clinical three common pulp capping agents

Property ZnO Dycal Calcimol
Morphology Smooth surface  Smooth surface ~ Porous
Element C,0,Zn C,0,Ca,Zn C,0,Ca
Water contact angle 90° 75° 22°
pH 6.66 9.16 7.90
Antibacteria effect/% 92.6 84.5 82.7
HDPSCs activity/% 6.82 44.54 137.87
Hemolysis ratio/% 8.14 0.99 1.42
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