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Evaluation of cytotoxicity and inflammatory tissue response of mineral trioxide
aggregates containing dicalcium phosphate dihydrate

Hyun Jae Park, Hee Chul Park, Gitae Son, Yongjoon Kim, Lele Wu,
Sang Hoon Choi, Hyeong-Cheol Yang

Department of Dental Biomaterials Science and Dental Research Institute,
School of Dentistry, Seoul National University, Seoul, Republic of Korea

The purpose of this study was to evaluate the effect of dicalcium phosphate dihydrate (DCPD) on the biocompatibility of
mineral trioxide aggregate (MTA), DCPD was added to MTA (OrthoMTA) to suppress the increase in pH of MTA during hardening,
and the change of pH, cytotoxicity, and subcutaneous inflammation reactions in mouse model were observed. The pH of OrthoMTA
and DCPD-OrthoMTA at 1st day in phosphate-buffered saline was 12,5 and 12.8, respectively, At 19th day, the pH was 11.6
(OrthoMTA) and 8.8 (DCPD-OrthoMTA). Cytotoxicity of DCPD-OrthoMTA extract was lesser than that of OrthoMTA at high
concentration (above 50%) (p{0.05). No significant differences appeared in subcutaneous inflammatory reactions among ProRoot
MTA, OrthoMTA and DCPD-OrthoMTA, Therefore, it is likely that there is no apparent relationship between the cytotoxicity
and subcutaneous inflammation in our experimental conditions.
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Table 1, Composition of OrthoMTA and DCPD-OrthoMTA (OrthoMTAIII-1)

OrthoMTA

DCPD-OrthoMTA

Calcium Carbonate (53%)

Calcium Carbonate

Silicon Dioxde (21%)

Silicon Dioxide

Composition

Aluminium Oxide (6%)

Aluminium Oxide

Bismith Oxide (20%)

Zirconium Dioxide

DCPD (10%)

AEEA Z24S el MTA T2IE 647 F<F H3kA)7]
31, 18O 10993-120)] F3}](22) &0S A8} &=
& MTA Y23 1 g 95 mL AZH] R o)A 39 St
e 20((25£1) Tl Z ARk 85 945 7,
AZ =4 SAS 3 8E54s viAI= 20 A%
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2, MTA &% pH

MTA §-=9¢] pH ®3tE SAs17] f3), 63t 5
ZA3}A)7] MTA t]22=E Dulbecco’s Phosphate-Buffered
Saline (DPBS, Gibco BRL, Grand Island, NY, USA) (pH
7.2-7.4)90] 0.2 g/2.25 mLo] H]&Z ¥ pH meter (730P,
Istek, Seoul, Korea)2 1997t pHe| WsE SA AT
=74 Zol| v A&akeict,
A 3Y TS 2443w S48l oH, o] o= 2
Ao 2 S5tk DPBSE pH &4 F vj3] A2
DPBSE A3} ).

pH meter®] calibration2 A|&

woke] AAIeH
Th(23), Zteks] Ads }“ﬂ NIH 3T3 A-frobAlE(ATCC,
Rockville, MD, USA)E o|&3}9on, AEE= 100 SHEH
(fetal bovine serum; FBS) (Gibco BRL)Z} &Y A (penicillin-
streptomycin) (Sigma Aldrich, St, Louis, MO, USA)E X3+
3l Dolbecco’s Modified Eagle’s Media (DMEM) HjA]
(Gibco BRL)OIA] B &Fakelth, 1x 10709 AMEZ 96-well
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plate®] Z} wellol] H=3}al 2447k vk & vlA| S MTA
45 Mo g wgkskal, SR 4A1E B dslih 85
HO 7 24A17F Tt AHElH AEZE WSTH O Z(EZ-Cytox

Cell Viability Assay Kit, DoGenBio, Suwon, Korea) A3
9o 245, MTA $359) AESHS BT, A%
44 =248 $J8] EZ-Cytox £ A|E7} A= ZF wello]]
10 UL F7F8faL 37 TellA] 1AIRE §RAIZT §, 450 nmellA]
plate reader (Sunrize, TECAN, Salzburg, Austria)E A3}
of FFEE ST ST O R HiAREeE A

23 AEZE o]83t

MTAS] o3 9FWE =S B skl 150
1009369 F3o] k-2 o] 43 Tlsfol 4AFS 3k

AtH24), OrthoMTA, DCPD-OrthoMTA, ProRoot MTA
(Dentsply, Tulsa, OK, USA)S A|ZA}e] X wie} g
o] "l &3Sl Polytetrafluoroethylene (PTFE)
tube(#7d 2 mm, 40| 5 mm)e] FiL, Ao 2 w3 sH
vhp2se] 5 9] TlshzAol ol e, tewen
UR7} 98] QU PITE rod AHSBl0, A8 58]
S 7 2 Grielolt). FRANE Mgt £EA4
&2 93] skl LABFATHSNU-160718-8-3).
o4 2% 3, wH9E Q) A7), PIFE whesh 54
235 AAG] &2l 4% FEEF L8] =(para-
formaldehyde) 2 15%-7F 1At 1A A|lHS e}
oz Fulak, 27 BBg A% %, AriE A oo
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Table 2, Histological evaluation criteria

Cell type/ Score
Tissue response 0 1 2 3 4
Polymorphonuclear cell 0 1—5/phf1 5-10/phf Heavy infiltrate Packed
Lymphocyte 0 1-5/phf 5-10/phf Heavy infiltrate Packed
Plasma cell 0 1-5/phf 5-10/phf Heavy infiltrate Packed
Inflammation Macrophage 0 1-5/phf 5-10/phf Heavy infiltrate Packed
cells and - —
response Giant cell 0 1-5/phf 5-10/phf Heavy infiltrate Packed
Necrosis 0 Minimal Mild Moderate Severe
Groups of 4 to 7 Broad band of  Extensive band
Minimal capillary capillaries with capillaries with  of capillaries with
Neo-vascularization 0 proliferation, focal, supporting supporting supporting
1 to 3 buds fibroblastic fibroblastic fibroblastic
structures structures structures
M tely thick
Fibrosis 0 Narrow band Oderbaaicyj ' Thick band ~ Extensive band
Tissue response - Elongated and Extensive fat
Minimal amount .
e , Several layers of broad accumulation  completely
Fatty infiltrate 0 of fat associated . . .
e ) fat and fibrosis  of fat cells about surrounding the
with fibrosis ) ) .
the implant site implant

* Irritation score: (Sum scores of inflammation cells and response x 2 + Sum scores of tissue response) / Number of test animals

* Relative irritation score (RIS): Irritation score of test group —

Irritation score of control group

* Irritation grade: non-irritant (RIS: 0.0-2.9), slight irritant (RIS: 3.0-8.9), moderate irritant (RIS: 9.0-15), severe irritant (RIS: ) 15)

1phf:per high magnification image (400x)
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1. MTA E5%2| pH H3}

OrthoMTAS} DCPD-OrthoMTA £-59¢] pHE £% 1¢
BE 199712 2A349th €2 19319E OrthoMTAS}
DCPD-OrthoMTAS] H pH7F 242} 12.5£0.1¢9}F 12,0
+0.1 o]¢lor SAAHOZ F2J3k 2po]|E HATKHp (0.05)
(Figure 1), &3 AJ7to] ZdojA4E F 89 pH 2po|7}
AReH, &% 199x}9]E OrthoMTASt DCPD-Ortho
MTA®S] pH7} ZH2}F 11,640.43} 8.8£0.684 2.82] 2jo|=
LeRTl =, DCPD-OrthoMTAS] pHZ} T whe] #]}+
At
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Figure 1. pH changes of MTA in DPBS, MTA was set for 6 h in a disc form, and then added into DPBS. The pH of MTA-containing
DPBS was measured at intervals, DPBS was changes with fresh DPBS after each measurement, Each value is an average of three

independent experiments.
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Figure 2. Cytotoxicity of MTA. NIH 3T3 cells were exposed to serially diluted MTA eluates for 24 h, and cell viability was measured,
Cell viability was expressed as % of untreated negative control cell viability, Each value is an average of three independent experiments.

* indicate a statistically significant differences at P<0.05.
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Table 3. Inflammation scores of subcutaneously implanted MTA

Sum scores of

: ) Sum scores of tissue L Relative L
inflammation cells Irritation score o Irritation grade
response irritation score
and response

Negative control (PTFE) 4 8 27 0
ProRoot MTA 24 9 95 6.8 Slight irritant
OrthoMTA 21 13 9.2 6.5 Slight irritant
DCPD-OrthoMTA 23 15 102 75 Slight irritant

PTFE

2

ProRoot MTA

OrthoMTA

DCPD-Ortho MTA

Figure 3. Representative images of H&E stained tissue sections. Ma, macrophage; MGC, multinucleated giant cell; BV, blood vessel.
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