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ABSTRACT

Objectives: To evaluate the effects of mineral trioxide aggregate (MTA) application after pulp injury amplified excitability in the
trigeminal ganglion (TG) using electrophysiological optical imaging. Beyond simple pulp shielding, the therapeutic potential of
MTA lies in inhibiting pain-related signal transmission and alleviating ganglion-level sensitization associated with pulpitis pain.
Methods: Pulpitis was induced using allyl isothiocyanate in C57BL/6 mice. MTA was applied to the exposed pulp after pulp injury.
Neuronal activity in the TG was recorded using voltage-sensitive dye-based optical imaging. The expression of inflammation-
related molecules and pain-associated pathways protein was evaluated by western blot analysis. Results: Optical imaging
demonstrated that the MTA-treated group showed markedly reduced spatiotemporal neural activity compared with the pulpitis
group. The activated area was also reduced, indicating attenuation of pulpitis-induced TG sensitization. In the TG, the pulpitis
group exhibited significantly increased expression of the inflammatory pain factors. TRPV1 and pERK, which are associated with
pain sensitization, compared with the control group. In contrast, the MTA-treated group showed significantly reduced expression
of these pain-related proteins. Conclusions: These findings suggest that MTA may serve as an effective therapeutic strategy in
root canal treatment and in reducing pain-related signaling activity.
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2|4 WY A B Al 50] ZFolli= LA 484 29| (Transient receptor potential, TRP) g2 o] 252 F239F A4S S} 53],
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= A3 C57BL/6 R 7525 (18-23 g, Koatech, Pyeongtaek, Korea) & AHE3191 0 M, & 300+2] & ARSSIACHH 714828} 370 18,
A FH 5, 24 Aol 59 n=D). & A At oJ et E-EAE w291l (ACUC SRS A2024-0182)9] 5912 ot 44|
Ak AR B2 12413 7712 ool v, Akgel B2 AR AlgEe ARAA 2M ARSI mEARE HEEHE
(Pentobarbital, 75 mg/kg)& ol-g-sto] B2 W) st Ag F2-S 7F Aol ARSIt
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2L

2, K|~ 2 HIEH S AHE 22|

Ok@A0] 212 Aot AITTLa] (M)l A %] kg EHS ARgd}o] 2|45 eESt & 2|7k H|o|3 EQIE (dental paper point; 27 0.15 mm,
Zo] 20 mm)e| AITC(Sigma-Aldrich, Milwaukee, WI, US)S E- &, leZH 2]4of] 7]9] 157 = 2510 2|4 G52 -FsIgih A2 AITC

T E5}0] 24> P52 2SS EndoSeal MTA (white; Maruchi, Wonju, Republic of Korea) 2 le % X|4of] Q1510 8319t =, 2|40k
LEAF] AP E HFS Fshe AITC thi] ARSSH th27H(Normal 25 n=10), 9% 53t 2|4 A& (Pulpitis - n=10), 214> 5 -7

T MTAS ]2JH &+ (Pulpitis + MTA w5 n=10) 2. & Lro] Jesigict E AL AR5 E AR Hadlol7] 9t 22istolM 4=k

3. H71RBH YEu|H

GG/ oA &2 ekEA]glo]| mhE 55 A oA = RIsk| el Al A o] Al=of| whe 7] AYe]sh Wislks wEsieIch 2|4
AT FE 3Y T UReAE piskL, Q1% 2= (Artificial cerebrospinal solution, aCSF)ell 5% CO,/95% O, & Z-5| 7]2E3tA7] 84
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< ARgate] AaE A7 ZESEe] 37°CollA] AR 59t QPYSHAIZILE 11 &, Xa/d 2173 Hk H9jak AAA(Voltage sensitive dye, VSD)Q
Di-2-ANEPEQ (50 mg/ml, Molecular Probes, Eugene, OR, USA)Z 1A]I7F GAIE1L, Q15 | M40l 0 @ 2] & 228 by slsl= 3
Z1e¥5}ict. Bipolar electrode- 0185101 200 ms delay, 1 ms pulse, 3 sec stimulation interval, 0.1-1 mA stimulus intensity= AF2} 41
A2 Siinh A7 E o) ERdol] 2] 0 2 TEl e CCD 7HH[2ke] S-2 SIRIAI7| AL, A7 e 2 Q) A o] g $ighe o) e
3.7 ms&E MiCAMO2 A] A& (BrainVision, Tokyo, Japan)2 o|&5to] 1aAt= CCD 71Hlete A3 A|E 242 AlZkatsto] el 2+
HEo] sk Jat 21=2 0.5 mAS] 7] Aol o5l Lehd E5H FAA olnfAE IXiEAIZ} 0.63X Z2AM 2= (Leica
Microsystems Ltd., Wetzlar, Germany)=- ©]-85}21 192 X128 H419] detector array 2 A4t 2F 2445t =5 Lehd= Zg o]u)#]
(B7HA 3} 22 Aol TSt /g3t o2 BAISISITE x| ofu| x| 2 ¥Rk oS w821 EAdst o o/ZdA] A P X 1002 LERASA
t}. Z} A% d|o|e]*= MetaMorph software(Universal Imaging Co., Downingtown, PA, USA)Z AR&35}o] 1] al- 244513t}

4, ERPEESH A

7 ARlte] 4 M1 S AEsto] AF s S, SA] A AR 54 S0t AAdA R S AR 2212 ohalfeh & Lysis
buffer (PRO-PREP; Intron Biotechnology, Pyeongtaek, Korea)S %7}t Phosphatase and protease inhibitors (PhosSTOP; Roche,
Mannheim, Germany)2 221t utafsto] F28}5HITh 4°ColA] 13,000 X g2 1583 YA Eelskl 45S 3|4sie] Hejd s
SDS-PAGE=Z #7]%955}3it}. PVDF membrane (Merck Millipore, Darmstadt, Germany)el] £2]% 188 27 5% bovine serum
albumino| 231 -8 0 2 Al 20f| 4] 1A|7H 529k 2] 2|5} 13} | 2 anti-ERK(4376S, 1:1000; Cell Signaling, Danvers, MA, USA), anti-
PERK (43768, 1:1000; Cell Signaling), anti-TRPV1(NB110-40763, 1:1000; NovusBio, Centennial, CO, USA), B-actin @1](1:10,000; Cell
Signaling) = AF83}0] 4°CollA] 16A17F o) %2l 3it. o]} A anti-rabbit/mouse IgG (1:10,000; Cell Signaling) 2 membraneg 20°C
of| A 2417 HRS-A|ZIC}. ECL plus kit (GE Healthcare, Little Chalfont, UK)Q! chemiluminescent detection system 2 §1-g-A7] membrane
S A5t TAS AJARI(ILAS 4000; GE Healthcare) ©]-g5t0] HF25H E4 thil g 7k D20 v B BA31ch

> ofl oM Mo r

5. X2 2AM
= AuolEf= Pt + BF 23 Hmean+SEM)Z AIASHALE A& E 7] F-o)4] vl v] 24 A9 Kruskal-Wallis testS 433
31%.0H, AFE 7372 Mann-Whitney U testS A AJ510] 15 7F o] S H]w 9 BAI5Th 54| BA =2 7382 SPSS software(ver. 23.0;
IBM Corp., Armonk, NY, USA)E AR&sF1 2.5, p<0.05% wf SA2 o= §

o
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1. AX[AAE S| MTA K20 2 B 2t}

21748t 4 QJR; GRS 0] 83 FJ /02 2ol FtEl= AR 21748 WskE o lsiel). o] 2|4 ae A7l
AJarat Q] HSHAF/F)ol] wh AZA|E E/d8tE Al-3714] Wish A= 2 v Y B350tk Representative VSD F5% oo xojjA] |48
FreRA] 92 TR ol| A= 0.5 mA H 71210l QJsl| A7 M2 /357t A4S H9lol| 7143 0 &2 A|gte] of LR B, 2|~ TgolAf= ARt
A1730] Ed317} o 7oA R o .0 2 RIS Ehatel s S Bt E5] 1E/dst 2O (F-2M3 mgh)et F-5 1 2/dsh 2.9 (
Z2M) A 57} 2|4 ol o A[&A o)1 \A| Bago] A3k o|u| x| 2 HaE]o] SEAJ MM 2 Bt Aot Alstche Ze 211513
T}, 2|4 54 & MTA *{2] 1EollAl= Al-87t o|u|Roj|A] A7 et Hrrt thah Eojoe= S BYlom 1 s Kot 21 352
/et Bolo] Asw 7HA 0 2 oksiA] -k 7ML o] A S TSIt Eig. 1A>. A=l theh 2k 1 52] A7 MR §ES- 1w el
ollA] thztol] H]sl x|~ gl IA| B dets]= A E HEg-2 Bl o™, MTA *{2] ZLFol|Al= Hrt Rolzl A7 243t E ol vt
-20] Tha Zhag S ER151I g, 1B>. 2 152 AF/F2] peaked value(@ 3. ) ¥} H] 1 Al A=A 0] A7A1E SE/0] QlojA] 24
TolA= 0.861-0.03 o] tiRollA= 0.2410.052 ER1E| o] 2X|do] -k 739 5 250l thshA of 2 AZAIEE Bkgo] Ta=|glont
(p<0.01), MTA (0.6410.07)5 2|5 78 & 2] 2|5t D50l A ARl 2] MM 233} vE-go] F#]5] ZA8IAtHp<0.05)<Fig. 1C>.
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Fig. 1. Comparison of trigeminal ganglion (TG) responses with electric stimulation in each group. A. Comparison of VSD
signals in the normal, pulpitis, and pulpitis + MTA treatment group. The typical time course of the optical signal from
trigeminal neurons. Fluorescence changes indicated; upward deflections of the signal indicate depolarization after electrical
stimulation. B. Increased neuronal activities in TG by electrical stimulation of pulpitis. C. The amplitudes of the optical signals
were increased in the pulpitis compared with normal group. Data are presented as mean £ SEM. **p<0.01, *p<0.05. n=5 per

group.

2. MTA x{2]of| [iE A|-Z37HY S g9t Aol tHa}

7] AF=ol| ek A7 A2 B/det sie & Al-37H4] igtol| whe g/ olm|A| = B Felstal a2 det Foiet S5k 2/t 799
Y= FRIeH 2 20| B9 A7 IAEE & FRlolARE S5 =0 WML /a7t dojual Algto] Al 1.0 2 Shitel= P2
Holz] gkt B, 2|9 dFollM= a2/t Bl7h dstal W] F1 0= gt o] Al7ko] AUt 2|&421 0 2 MPMES S2A7]=
ljedo] WE|ITt. oo RISl MTAS %{2|3t g0l i A= F-elollArt 128/ det #9171 A S50 AGH|1 2 24dept oz
ofstA| Eribe]of A|& = d/do] TEE UTHFig. 24>, F, X|4=Holl MTA X 2|A| A7AE] A48t} Al-57H4 0 2 ZhA )= 710 & Ho}
2|l of g ARIAMIE S22 Alol| 28l A7dAIE B/t o] Zhad o= YTt

AAIZBAIE 273 FoE FUsHA et the 2t 291 9] abgds) Ho| (M)} 55 =2 st 29l (25 M) 9] A SAokal 23t
He2 oAz B AvlFig 2B>, 22 gAalo] 25k 3443} o] 749 thR T (5.39+11.39)2 H] 3L A] 2142 18(29.70+3.46)0014 &

(o]

ofnlaiA| Z4dst o] Holzle ol TEEATHP<0.01). AL MTA Lgollies AZBME B4g0] 14.40+7.7002 SASZ 0 2 o
nJsHA] thtoll Hlsh S7FokA] gttt g/dat ol X144 15(14.9313.28) 7 MTA T1-5(8.7410.24)2] 7+ w4l v wA] o]
& ZpolE HATHp<0.01). T3, 22T M7bMe wE gt SVt JoollAls tiRate 12214238 o|out 2|4 Agolie
44.631+4.1092 MTA 152 23.14+17.942 F 15 25 fo0]stA] 571 o] T ATHp<0.01).
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Fig. 2. Representative image of the activated areas shown in each group. A. Comparison of activated areas by typical time
course of the optical signal with green/red. Reduced neuronal activities area in TG by application of the MTA treatment. B.
The optical signal with green/red activated area was significantly decreased in the pulpitis + MTA group, whereas pulpitis
group significantly increased the green/red activated area compared with the normal group. Data are presented as mean +
SEM (B). **p<0.01, *p<0.05. n=5 per group.

3. tIXRIZEMe| S5 H=THE 2AHUE Hal

[T

MTA 22| A] 2|4=5E] T 2 Z2p7 b= AR Aol 5278 A73H2 /st Al edd 71 7| d e 5ol 24 A s iz
2

=9

o= gojo]ghajol 5 BYITHpe0.05)<Fig. 38> 21491 TFIAE chzol vlal ARt 54 55 Akl TRPVIE 53 714}
21218l pERKS] W 40] §ol817] Z7}at whel, MTA M2 Lol olefer 52l thild waldo) Sojushi 2age Helsiel
t}

T ootvtvw vl o-t-To= =

https://doi.org/10.13065/jksdh.2026.26.3.5



324 - J Korean Soc Dent Hyg 2026;26(3):319-27

A. B.

- Erk — Y Sy
TRPVL [ S — pErk r— — +—4
Beta actin je—mu - — Beta actin | A——

@ Normal

Il Puptis
Il Puptis+ MTA

2.0 2.0

-
o
1
-
2]
1

-
o
1
-
o
1

(=]
o>
1

Relative density (TRPV1)

Relative density (pErk/Erk)

0.0 0.0~

Fig. 3. Changes in signaling molecules in each group. A. Changes in TRPV1 between groups. Increased TRPV1 protein levels
were statistically observed in the pulpitis group. B. Changes in pERK/ERK. Significantly increased pERK was observed in
pulpitis compared to normal, and these changes were reduced after MTA treatment (n=5 per group). Data are presented as
means & SEM and asterisks indicate significant differences compared with the pulpitis group (**p<0.01, *p<0.05).
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