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ABSTRACT

Objectives: This study aimed to evaluate the pain induced in the trigeminal ganglion (TG) by pulpitis and investigate the changes
in inflammation-related signaling pathways within the TG. Additionally, the study compared pain intensity and inflammatory
signaling changes after treatment with the antioxidant coenzyme Q10. Methods: An experimental model of acute pulpitis was
created by treating the maxillary left first molar of 6-week-old C57BL/6 mice (20-25 g) with AITC. Neuronal activation in the
TG was analyzed 3 days after treatment using optical imaging. Protein expression of inflammation-related molecules (TNFa,
IL-6, c-Fos) and antioxidant-related pathways (Nrf2, SOD) was evaluated using western blot analysis. Results: In the TG, a
significant increase in pain-related neuronal activity was observed in the pulpitis model, accompanied by an upregulation of
the inflammatory cytokines TNFa and IL-6. Coenzyme Q10 treatment mitigated the heightened neuronal activity by altering
membrane potentials. Additionally, Nrf2 and SOD expression significantly reduced following treatment with coenzyme Q10.
These findings suggest that coenzyme Q10 modulates nociceptive signal processing in pulpitis-induced pain by influencing the
inflammatory response through its antioxidant properties. Conclusions: Coenzyme Q10 is a potential therapeutic agent for
alleviating pain and tissue damage associated with pulpitis through its antioxidant and anti-inflammatory effects.
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Mol gttt FAXHY Q10, EF, K+g, MAEE

0o

)4 2|oke] ekt 23] ol £AH3}L, Al % elei7bA] Folo s £442 ¢
W, ol X4 35T BRAE oA A4 L 57} TIES L o]
52 24o] g0l waf ul7leiHel 2o 2 PeeRl 2 2 L WAE TYe A
A o}
~

o2
olN
=
\o
0
1)
o
N
N
o>
N
N
_|L
¥
o)

3

[o
or re
Y
T
NN

N,

oo
rok
= og rlo
o)
=
[
rok
o

I
2
N
fru

[t

juy
ol
X
rid
i
o
N
(=T
oY
N
N
olr
1o

s

i
=2
o
)
>
> o o2 Ho

H
ﬂ
&
o o
]
S
<l
o8,
oN
=T
3
2
o
ool
X3
‘_ir:Ul
W
al
Nl
0
£ b
_olT

3} 4714l 2l
23 52} phizo] aeini[3] A EE Sl A7 g

Received January 17,2025 Revised February 13,2025 Accepted February 16, 2025
Copyright © 2025 by Journal of Korean Society of Dental Hygiene. This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/4.0)


https://orcid.org/0000-0002-2020-5308
https://orcid.org/0000-0002-2020-5308

34 - J Korean Soc Dent Hyg 2025;25(2):133-41

oy
19
o
1o

Z¥zto] 2 AdEth At Mol X|4pe] Ut TAGAHA A7 ZA51AL, of2i7kA] 2F=o] 2|4 B2k 48] ”3—5}01
7t o] chofet 484 Tt o2 S EAskela AT Falg BAdSAIA A3 HRE oo ol estcH4l. )4
2 533} o] 455 Tt 55 242 RskARE L oAU S 25 ofali=]A] &t QATHs).
(Reactive oxygen species, ROS)& HZll glo] 583 5hS 5, 2| oA E/datag- ¥ vtea]ot AAE flgtH
*1?4 G AT T XA Z S A S AL O] Yot AR E EdakagS AYdstcHel. of2fdt 7] 2|4 W E/dakA
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EZceol 7|5 fAlo Eagag 2 dejA ok 27K Q102 =02 HRIG A A 2749] HAHE whot
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9 A2 AP ol = ofst, Aol g/deo] HT). stAIRh U]zt EU v AEto] gl 749 AU $d 530l
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2k 2|2 9 9] Hutat e tiar 5 0] o] R0 AN 7|5 A H—‘Z: FERSHCHIL 212K Q10+ WiQlY Akt 2 #18sto] 45

o] gl Al Lol 2t QI09] 57t EokA] MY AT AEE HH O ofAE 4 glout, e E Aol T QI09] Zd A

o>
et rlg B
oX 4 r
_>|“_, mlI. o,
>
o

H
T
Nt

0o

7

]

Y

)

>~ 19
uf
—m

F

[t
g4 L
)

y

>

Ae go rﬂ
Lﬁ r{r
E

=
ot
i
12 ox
ofr
)
o
ol
-

_\3_1‘
N
BT
X
He
o?.:

FAgo = ofojd 4= QITH10]. &, /84 =34 ol Ak 2t th' D/IrtT2 vl SRR, PAte} 0] SESH B2

R 2|5 Z2)0] Ao AR 2of thafd 4= glof 2|5 22| &3e] Mgl ST 5, 2RIk Q10 2382 x| 2deht wzdo] o
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1) QU0 ES T oS R B A X5 Yot Eajo| thet Qg ATS0] BshAl ol oA\ UTHIA LS.
oflA] olo} 1) QA mjn|sto] s o] chet Sdo] ek Aol

A, 3% 9% ol 2 AR 55§ PES Helshart ik
S, 3% 9% 0] B AR 93 Bl ALEHT 71H1e) MEE Selski gk
A, 3|5 9% Bol] PSR 2AAY QU0 W F 55 L G5 A N B WeH P ] BESIRFIc

1. 4SS
HE A8 C57BL/6 BR-A 735 (80 100 g, Koatech, Pyeongtaek, Korea)S AFE-51%1.0H, & 210t2] S ARSI CHA 71/ 2] 84 Ay
1271, 247195 A9 9nte, ZF 15 n=3). & A= AAcsk ozt FE24d %EJH °494(IACUC SR 2021-0173)9 591

ot AAJsch AE & nheAE 12/\]7 572 ool v = AR B0l ARSEIQloH, Abg et 22 AM-EA Al E I A SE2
EuH|et UE §(Pentobarbital, 75 mg/kg)S 27 Ul F<lslo] misla, zF Aol ALg-5kiTh

1) xed 2d

?ﬂi 2|78 =P ARESTo] uke20] AZ Aot AR (MD)S] X5 =271, =2 2|40l AITC (Sigma-Aldrich, Milwaukee,

Us)ell & Z]-\—}& Hlo] = 21 E(Dental paper point; 274 0.15 mm, Z°] 20 mm)E 187 =Es10] 2|4 45 FsI3ich

o

2) A3 22

A2 ZF AITC T2 5 Coenzyme Q10 (0.1 mg/ml, Sigma-Aldrich)oll B #jo] ZIEE 387 =3t 253} AITC =2 5 AJe]
Aol g slojH ZJEE 37 X oH 150 R Lol vl usholrt e M19| A= BlH o E5to] 7h Y R ARSI
. 5, X5 95 /' & 2R Q102 M 23 A (PulpitistCoQl0 2 n=3), BF F-= F AG45 st X4 AT (Pulpitis
n=3)upro] ARE g, BE A2 ddEE AS Hashsly] sl a= eyt tiew (Normal 2 n=3)2 A|59h eEA7]a
B2 FEshe AITC HiA A dauhe ARSIl
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A7 71RE o 88t 55 H A A= E Elsh] Sl 214 fe 3Y & wlERHE UEE(75 mg/kg)e AR&Sto] mReAE
o] 5% CO,& 2E3F3t Q13 =4 4=H(Artificial cerebrospinal solution, ACSF)Z 2% 37C, 1

ARE RPESE T E AA o] F AR X1eYsIgith. X14/d 41739k A1t A7 (Voltage sensitive dye, VSD)$! Di-2-ANEPEQ (50 mg/ml,
Molecular Probes, Eugene, OR, USA)Z 1AIZF A & Q1 Hfxjrolo 2 A & fA]a3ict. Ak} 417 AH-E 9Jgt 1=-0 2 Bipolar
electrode AFg-5F] 247] 215200 ms A1, 1 ms B2, 3% A= 77, 0.1-1 mA %) shith 2/dshe 97t 52 0.5mAS] A
71 AF0llA 2 A TES Bl 2ASIITh A8l = CCD 7Hi|2ke] -2 A7 ol ol 2l 0 2 Q1%]A17| 4L o]n| ] PEC| V35 &
AISFATE 2173 et X913} A o] &g ke ars = CCD 7he & o =2 Jd 3.7 ms) 2 7+ E MiCAMO2 Al A (BrainVision, Tokyo,
Japan)& AHEe] A7 /8 S A28t sho] e, o213t ojm]y 71 AukA 0 2 1020 &5 S A /HIAE Ak W
2 ARESEAL A o] OJ3]] o] 27 AAE 2 Htsholo] A7 B/ W Hkg-2 ERIsiiTh F Y ofm|A] 52 7] A5l ofsf Lt
Eht, 8- 1 x thE 229} 0.63 X T2 AA AZ(Leica Microsystems Ltd., Wetzlar, Germany) & 192 X128 H412] Detector array 2 A3
/gt ZH kA 2 =4 0) e ofn|z]of| tjsh g2t oS 2AISAL, A 7} ofw] 2|0 HighE JolS wE-a(/dE o /AA| 7Y

2] G x100)2 7151t Y= % /95 22 MetaMorph software (Universal Imaging Co., PA, USA)E AHE-5Ho] H]al BAI51IT
3.M|9S

7} agollx B4 AAIAEE AFsto] dA| i SA] WEAIA phosphatase and protease inhibitors (PhosSTOP; Roche,
Mannheim, Germany)7} 37} lysis buffer (PRO-PREP; Intron Biotechnology, Pyeongtaek, Korea)Z o|-&3}o] Tl 2lS Ba|519ict.
o TEEE 4°C, 13,000X g2 1587t YAl Eeloto] e Eefotal, T AS SDS-PAGER £kt 2] @2 PVDF
membrane (Merck Millipore, Darmstadt, Germany) 2.2 €74 5% bovine serum albumin -&-2ljoj] A1-20f|4] 117+ 529 2] 2|51t Anti-
TNFa (1:1,000; Abcam, Cambridge, United Kingdom), anti- IL6 (1:1000; Cell Signaling Technology, Danvers, MA, United States), anti-
cFos (1:1000; Cell Signaling), anti-Nrf2 (1:5000; Abcam), anti-SOD (1:2000; Abcam) 2 B-actin @](1:10,000; Cell Signaling) S 4Tof|A]
overnight 5}31t}. ©]% Membrane2 horse radish peroxidase”} 52 o2} @A anti-rabbit IgG (1:10,000; Cell Signaling) S 2417t 20T
of| A BESAJH T HE-A17] membrane chemiluminescent detection system?! ECL plus kit (GE Healthcare, Little Chalfont, United
Kingdom)2 4 5o E7g TS TAS A|ARI(LAS 4000; GE Healthcare)2 o]-&5to] 2415131tk

4, X2

2E A9 tolEE2 mean+SEM O 2 B3I oM, Fg g || A| Hlo]Efol| M = Rtk 7k 2fo] = ttestE &3l Bl Bl EAISIITE &=
, T 24 Hlo]EjollA 15 7HH]al= Kruskal-Wallis 742 4338 $ AR 7.2 2 Mann-Whitney U 4782 AR&sto] 451310
S
2]

2 £ AES Bl SI5) A4 Al QAAS o] 8 YA O AT} 9] Bislol T2 AMIE B Bsllon]
Ao} 91% T A422H Sebhe AR A5 T ABMIZHE S48HE YIS o] §5te] B1HA, ARHA vist HEe
] 5 BAJSHIk Bl olnl A X4 §ushA) She thEaolA 17] A5l ok A7 AE Bo] 2t 9lo] egEle] Ui

N of
L.l
it

2 A ou} 7

E & = 7S

T2 YERQITE tizwat Bl A] 2|49 535004 B Wil 2 sifd o] AP B/t o] Bt ltikFig. 1A>. =2 MR E %
% z

FolAE 1 mA A7) 23] ofat Azl S48} o w27 F0 2 WA ks tEdel 55
94 3
SApHA) Ltk ZAsbg ) wishs Selsha 71 BAJshE 52 Alo) wigh ml o) S} RiA e Zgslel BAIG AukFig, 18>, T
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TollA= 1 mA #17] A=l tigt 717 E/d sk A7t ik Hsh= 31240.092 UERTE SRR 2|58 LEolile AEAIE E/do]
166.34111.62% A 0 2 {on|sA] tiztol Hlsl F7I5FATHp<0.01). 5t 2EM JAol| A= TR 207.10+35.30 0|2 o1 2]
Y ZE0MAE 641.33£56.202 2 Fon[siA S7HE F/d2 B ATHP<0.01). 214 B5 ¥Hs- &0l AoiA x| LFollAl= 0.560.03
ojr, thRo A= 0.2810.04% ERIE|o] X|5AY 79 A o #HEA| 5352 HEshe 2102 T ATH(p<0.01) <Fig. 1C>.
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Fig. 1. Comparison of normal sham and pulpitis model. More activated pixels and higher peak activity were observed in
AITC-treated pulpitis group. Representative image of the activated areas shown in green/red in Normal and pulpitis group (A).
Data are presented as mean+SEM (B). Max peaked values after stimulation were analyzed (C). **p<0.01, *p<0.05, t-test. N=3
per group.

2, st A2jof hE AXMBE ST M= Hal

QS olm|A] At 2|4 LgollA H7] A=Fol| thgh MM EAdo] Zekal IA| FH O & HA ke §5 ' A =S UERHSIch v

H, FAIRFT Q10 LFollM &= 1 T2/ AFAIE L] EE-2 20-40%7HA] Aok TEle] ARl St 2917} Hadhe o] Tt
&) QATk<Fig. 2A>. FAFeFAQ1 FQAIAR] Q10 A2 A] Al *ﬂ&‘t«l 7] A=l whet Yehhs 843} oiels YAt ofn| x| o] g2 A% 4
L 2 9 T121Q) Q10 LF2] M at oA w3 v WS wf 3-oju]gh xfo] & EITHHEIAY: 2|4 163.414-10.37, ZIAHY Q10
45.0019.16, A 2493 630.41+55.21, ZAAFY Q10 439.67+58.15) <Fig. 2B>. &Y Q102 2|44 7 T 2|25t TFol|A EAds)
AZA| 2] Hhg &7} A 5] ZH4aske 212 ER15ITH X4 0.560.03, ZA2HY Q10: 0.3940.05) (p<0.05) <Fig. 2C>.
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Fig. 2. Comparison of pulpitis and pulpitis+CoQ10 model. Reduced neuronal activities in TG by application of the CoQ10
treatment. Representative image of the activated areas shown in green/red (A) Data are presented as mean*SEM (B) Max
peaked values after stimulation were analyzed (C) **p<0.01, *p<0.05, t-test. N=3 per group.
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ATTC #2jol] wh& 2|4 ko]l 28l g3kl Al 7o) el e jisks 71st] flsl 2AHEEshe 7Rl 17982
ARESto] AR i 2 S ke AR 55 Alee] Bl B S ERIselt: 2 ATelMe 0311% 172l TNF-q,
IL6, c-Fos A} kst /g8t QIAkel Nrf2e} SOD Dol & ozt 7 A3 I-goll ol i 452 vl 2 BAJSI3ITFig, 3>,
A7 RIM B Al E7I F Sl TNF-a® -2 th(0.92:£0.06)01] HISHA 2|4+ 135(1.71:£0.20)01141 ‘rr——]‘:'] 317 571t

£ P2 Bglou), Fuskl 124 QIS X2ie TH(1.204014)10H TNF-a T Wo] R9lulsb 243HEk(p<0.06)<Fig.
30>, TEOhE W B 24 Q1% w0l 23 i RAIEA 24 116 Alo| E7RIolAE A1 Chil Wl Qe o] T 086+0.07,

249 145 1.19£0.07, 22K Q10 15 0.9310.062 H3/d A EZFRI AJA8E F 86k MW A5 g Tl A dhddof] f-2ju]gth 2}o]
S B ICHp<0.05)<Fig. 3B>. SHAIRE Al Aol A] B33 QIAE UeX c-Fos Tl ‘ﬂa*oﬂoﬂ o] thz<tol] H]sl x4~ -FollA S7kst

L

S opde B oL} Fllake) 010 183t-golu]ak o] 2 Ko x| PTHTNZT 1.05+0.12; 14 1.51:0.20; 1A Q10 1.29-0.20)<Fig.
3C>. gZol| o3t Ateka] 40 2 HE] B o5H= ghate thil A 2 ok 7] Nirf2 thif Hhel-o- x]T 1E(0.97£0.08)0l14] thRH(1.51+0.11)

T2 2 1

I 3M2HQ] Q10 1-8(1.330.10)°1 I3l o] ulstA| S FRISHATHp<0.05)<Fig. 3D>. T3l AIZFAES] Fo 3t hatst 4= o

X SODE] e %)+ ZLFo| tiztol] Hlsh Axtal 73 F9lollx] fojnlshA| 248 v, F2He] Q10 A 2] 252 f-2fsiA| 2ol &
Aate Ao g PEE| TR 1.2740.13; 21429 0.660.06; TMAH] Q10 1 1.09+0.14) (p<0.05)<Fig, 3E>. 21429 ZEoAf =tz
ol H]al A3 oA TNF-q, 116 B c-Fos®] ' 40| f-ofstA| S7Isk3iet. FAtaa|el elie) Q10 22 2golA= Nrf22F SOD
chanal dksl2fo| Lon|sHA| 271k Bhelstgltt
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Fig. 3. Changes in the relative density of inflammatory signals (TNFa, IL6, c-Fos) and antioxidant signals (Nrf2, SOD protein
in Trigeminal ganglion. Protein levels were statistically different between pulpitis and pulpitis +CoQ10 treatment. The band
densities from three independent experiments were quantified and plotted as relative intensities (means+SEM). Kruskal-
Wallis and Mann-Whitney nonparametric tests were used for statistical analysis. Asterisks indicate significant differences
compared with the pulpitis group (*p<0.05).

= X —

B AL A3 uhe T pRIE 77 o 55 PSP W) 71t 7158 Sl Felat ol Aillele] X149 53 mlelM 9%
3 HH5-2 she eI IR Q10 A2 78 staLAl si3it. At A 2|4 Aol mhe AR A 9 3 2/ AAIZ 24
& U 2 QID Aol e oA skl Sih A 34 1S ol o2 Bsiich w1 el QU AN
5 5% B RApyEsiy AsAg 2] 7o A8 ZAsigic mehd Ak QLo PSRN §F4 whe-g 2 slo] X4

A AskE A7) N5 B4k oo Al R 50 R AR AL
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I} o] L H]AIA 2|4 Ao ofsl] HiE]= TRPAE 0] fFA1S Aol tofste] 2|49 F/doll oiRttHI9). 2|4 o] Bge o
Q1 ARt /g n et HRlE A EAF siR ) &4 B S 2AolA WEE e &4 1 sliEo] Ty ]lo] HW, o= X|4A
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BT A B A5/ HAHIES] MU Sl AAE 2ahE ZRth20]. 553 Rl TRPAL AE2 B/ kagol| ofsiA 2/
S, o= IAHEA(H,0,)E Xlotr|Hol] ARRA]l XLAHIZE &A17]3L TRPAL Ad B3-S Feshl 2opEER AREs
2-hydroxyethyl methacrylateE x| QIehAl 0]l X2] A] /d4t4E-2 53 TRPAL A'ES 248} Sk tol] ofsl Rl=|leH21]. 3
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