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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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LETh o= 24> S AR oA A4 Bl F2 RS2 LERUAL of2{SH RIS X oletal RTHIL /A welM 214
5% 20| fol ufe} uzleizlel Ao R Hekslw 2 X B U HAE TP A4 H X BE bl Bk ST 4t 7)o a4
EIH 2| o] 22 &3 ot 550 Aol whe WAl BEehA] ¥, Ao Tt A nivixet 3 Tz Ae g3 oAb At
=2 U2 B SRR $5H/E S7HIA X4 & ASHAIZ 4= TH2). oS A o= Q1% 552 At 23 2 frEst
a1 Zxjo) éuu Aol G PIX|A|R, X|Gol| theh x| & et 7)1 4]9] Gk 2] o2 AgtAolh X|ol/do g QI F5of
ofsh= b4l 7 (Trigeminal ganglion, TG t-22] 417 50 52+ 2p15o] WaE|m[3], Ax17Ed = Feine] A7 Ad-foll oJs) +
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4§53 oA 55 TRt 55 34 oA L WA US-2 25 ofsi=|A] ekar ATHS).
(Reactive oxygen species, ROS)& HZll ¢lo] 583 J5hS 5, X|phollA] E/datag-2 ¥ vtea]ot AlAE flgtH
*1?4 AT T XA Z S A S AT O] Yo AR E Edakag-S AdstcHel. of2fdt 7] 2|4 W E/daka
AZ T 22| £ cst7] Qg 21 529] HAo] F 4 Sl BAAFS AASHE PAtsA 2 F 27l 212 Q102
Hlzajal w2 o) o|Axal k] 125 71 S5k EUIE—‘T’—EE’JOH A A A ol 2] A8/ 2t A A2 cha A o]
EZcgo} 7|5 g0 W4 sz Z AeA Qlok 2zl Q10& %Hlﬂi_i AAPdG Al A 2712] HAFS whol 2
Aol Atskzoll M2LE Al gshe FarskA|e] dehe SAlol aigict. TEah FARR] Q102 Tk Fakst E30] Ay
|32 /37 9 A2 AP Aol = Hofsh, Aujellx] g/ge] ETH7]. skAIRt el 7t E7']L]' g0 Qe ¢ AU A SEo|
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I QI0E &ttt vl S =4 T3 A x| 43} o] tigh o
ollxf ole} A A= mn|si Heby 27 o) ik SiRdo] W a gt Aol

A, 214 % Fol T2 ARHAIAE0) £3 9 RS HeIsuat Sk
S, 214 9% Fkol T2 AR S| 1% Bl AlsHD 7Ae) WSk Belstaxt st
A, 4 9% melof] AEHAIQl ARt QI02 He) T 55 U 9% pel A 2 vist RS ] Bt dick

1. EISE
HE AL C57BL/6 BF-A 735 (80 100 g, Koatech, Pyeongtaek, Korea)S AF2-51%1.0H, & 210t2] S ARSI CHA 71/ 2] 84 Ag
12n1], 247195 A9 9nte, ZF 15 n=3). & A= AAcsk ojztdhet FE24A 9 %EJH °494(IACUC SR 2021-0173)9] 591

ot st AE & kA= 12/\]7 7] 2 B etol R = AR B0l AR 9l o, ALg et B2 ARE A Al S E QI A s &2 1
EuH|et UE §(Pentobarbital, 75 mg/kg)S 27 Ul F<lsto] misla, zF Aol ALg-5kich

1) xed 2d

115& 2|7 =P ARESTo] nke20] AZ Aot AR (MD)S] X5 =271, =2F 2|40l AITC (Sigma-Aldrich, Milwaukee,

Us)ell & Z]-‘—}R H|o| 3 ZIE(Dental paper point; 27 0.15 mm, Z°] 20 mm)= 187+ =E510] 2|4 P52 55190

o

2) A3 22

A2 ZF AITC T2 5 Coenzyme Q10 (0.1 mg/ml, Sigma-Aldrich)oll B #jo]m ZIEE 387 =3t 253} AITC =2 5 AJe]
Aol g slojH ZAEE 37 o 15 0% vhro] Hlusholrt e M19| A= BlH o E5to] 7h Y R ARSI
. 5, A5 A5 /i & 2 Q102 23 A (PulpitistCoQl0 2 n=3), BF F= F G5 =xdt X4 AT (Pulpitis 7
n=3)upro] ARE g, BE A2 ddEE AHS Hashsly] sl a= eyt tiew (Normal 2 n=3)2 A|th eEA7]a
B2 FEshe AITC HiA Adauhe ARSsE9iT
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A7 71RE o 88t 55 7 A A= E EjIsH] Sl 214 e 3Y & wlERHE UEE(75 mg/kg)e AR&Sto] mReAE
o] 5% CO,5 E3F3t Q13 =4 4=MH(Artificial cerebrospinal solution, ACSF)Z 2% 37C, 1

AIRE RPESE TS AA o] F AR 21eYsIgith. X14/d 41739k A1t A7) (Voltage sensitive dye, VSD)$! Di-2-ANEPEQ (50 mg/ml,
Molecular Probes, Eugene, OR, USA)Z 1AIZF A & Q1 Hf2jrolo 2 A & fA]aict. Abxt 417 A8 9Jgt 1=-0 2 Bipolar
electrode AFg-5F] 247] 21200 ms A1, 1 ms B2, 3% A= 77, 0.1-1 mA 3%)2 shith 2/gshe 92t 52 0.5mAS]
71 AF0llA 2 A2 Bl 2ASIITh A8l = CCD 7Hij2ke] -2 Aol ol 2l 0 2 Q1x]A17]|4L o]n| ] FEC| V35 &
AISFATE 2173t 2913} A o] &g ke ars = CCD 7heH & o =2 J'd 3.7 ms) 2 g E MiCAMO2 Al A (BrainVision, Tokyo,
Japan)& Ao} A7 78S A28t sho] e, o|21gt g3t ojn]y 712 AukA 0 2 1020 &5 S A /HIA Ak
2 ARESEAL A o] OJ3]] o] 27 AAE 2 Htsolo] A7 B/ e Hkg-2 ERIsiiTh F A ofm|A] 52 7] A5l ofsh b
Eht, 8- 1 x thE 2o} 0.63 X T2 AA A Z(Leica Microsystems Ltd., Wetzlar, Germany) & 192 X128 H412] Detector array 2 A3
/g, ZH kA 224 0) e ofn|z]of| tjsh /g3t oS 2AISAL, A 7} o]w] 2|0 Mg JolS i E-a(/dE o /AA| 7Y

2] G x100)2 7151t Y= % 2495 22 MetaMorph software (Universal Imaging Co., PA, USA)E AH&-5o] Bl BAI51IT.
3.MI|9S

7} agolx] B4 AAIAEES 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|519ic).
e TEEE 4°C, 13,000X g2 15%7F YAl Eeloto] S Eefotal, ©HiAS SDS-PAGER £kt 2ejd @2 PVDF
membrane (Merck Millipore, Darmstadt, Germany) 2.2 €74 5% bovine serum albumin -8-2ljoj] Al-20f|A] 1|7+ 529 2] 2|51tk 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 2417 20T
of| A BESAJH T HEg-A17] membrane chemiluminescent detection system?! ECL plus kit (GE Healthcare, Little Chalfont, United
Kingdom)2 4 so] £7 TS [AS A|ARI(LAS 4000; GE Healthcare)2 o]-&3to] 2415131tk

4, Xt2EN

2E A9 tolEE2 mean+SEM .2 B3I oM, g || A| Hlo]efol| M = Rk 7k 2fol = ttestE &3l Bl Bl EAISIITE &=
, i 24 Hlo]EollA 155 7HH]al= Kruskal-Wallis 742 433 $ AR 7.2 2 Mann-Whitney U 4782 ARg&sto] 451310
S
2]

] £2 AT BES] 918 A7 191 RIS ol 83 BIAHLoR AlEe} g vistol mhe AZAE B2 Bsigion,
Aot 9% ) px] 2|52 Re Sebhs AR 230l T2 ABMHIE S48 Bl IS o] 83tel Bk, A7k Wist JE g
] % SAsHIcE A o|u| R X492 Su51X) o TiZZolA 217] Aol Tk AAIE Edo] A2 Rglol SHElof Lt

N of
L.l
it

2 A ou} 7

E N = 7S

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

FolAE 1 mA 17] 23] ofst Aatiize] S48} o w27 Fo 2 WA ks tiEde 55
94 3
SAYH) Ltehks ZAsby el wishs Selsha 71 BAIskE 5o alo] wigk ml o) s} RiA e Zgslel BAIG AukFig, 18>, T
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TollA= 1 mA #17] 2=l tigt 717 E/d sk A7t ik Hsh= 31240.092 UERTh kAR 2|54 LEolile AEAIE E/do]
166.34111.62% A 0 2 Fon|sA] tjztol Hlsl F7I5FATHp<0.01). E5F 2EM JAol| A= tiE7-2 207.10+35.30 0|21 2]
Y ZE0lAE 641.33£56.202 2 Fon|siA S7HE B2 B ATHP<0.01). 214-Y &5 ¥Hs- &0l] AoiA] x| Z1FollAl=0.560.03
o|m, thRo A= 0.28H0.04% ERIE|o] X|AY 79 A o #HEA| 5352 HEshe 21 02 T Atk(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, At A2jof hE AXMBE ST M= Hal

G olm|A] At 2|4 LgollA 27] Aol thgh MM EAdo] Zekal IA| FHO & HA ke §5 8 A =S UERSIch i

™, FAIAFT Q10 LFolM = 1 T2/ AFAIE L] E5-2 20-40%7HA] Aok TEle] APl S5t 2917} Hashe o] et
&) ATk<Fig. 2A>. FAkeFAQ1 FQAIAR] Q10 A2 A] Al *ﬂ&‘t«l 7] A=l whet Yehhs 43} oliels Y4t ofn| x| o] A2 A% 4
L 2158 2 TR Q10 2] A} A mAS Bl w RS uf f-o]n|gt xfo] & BATHET Y 2| 163.41410.37, ZUAHA Q10
45.0019.16, A 2493 630.41+55.21, ZAAFY Q10 439.67+58.15) <Fig. 2B>. &Y Q102 2|4 72 & 22|35t TFol|A A3}
AZgA| 2] HEg £ 571 §25] Zhashe 21 ERISHITHA 4! 0.56+0.03, TA2H Q10: 0.394-0.05) (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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ARESto] AR i 2 S ke AR 55 Alee] Bl B S ERIslt: 2 ATelMe 0311% 1Rl TNF-q,
IL6, c-Fos T} kst /g8t QIakel Nrf2e} SOD Tl & oz} 7 A3 J-gollM el i 452 vl 3 BAJSI3ITkFig. 3>,
A7 RIM A Al E7 F Sl TNF-a®l 452 tha(0.92:£0.06)01] HISHA 2|4 135(1.71:£0.20)01141 ‘rr——]‘:'] 17 571t

£ P2 Bgou), Faskl 124 QIOS X2id TH(1.2040.14)10H TNF-a T Wo] R9ulsb 24:3Htk(p<0.06)<Fig.
30>, TEOFE W B 24 Q1% w0l 23 i RAIZA 24 116 Alo| E7RIoIE A chil Wl Qe o] ol 086+0.07,

2|49 14 1.19£0.07, 22K Q10 1F 0.9310.062 HS/d A EZFRI A& F 86k AW A5 g Tl A dhddof] f-2j]gth &}o]
S BICHp<0.05)<Fig. 3B>. SHAIRE Al Aol A] B33 QIALE UeX c-Fos Tl ‘ﬂa*oﬂoﬂ o] thztof] H]sl x4~ -FollA 57kt

L

L opde B oL} Fllake) Q10 1E3t-g0)u]ak o] 2 Ko x| PTHTNZ T 1.05+0.12; 14 1.51:0.20; T2 Q10 1.29-0.20)<Fig.
3C>. gZol| o3t Atala] 40 2 HE] B o5H= ghateh thil A 2 ok 7] Nirf2 thifd Hhel-o- x]T 1E(0.97£0.08)0l14] thRH(1.51+0.11)

[ == S

I 3M2HQ] Q10 1-8(1.330.10)°1 I3l o] ulstAl S FRISHATHp<0.05)<Fig. 3D>. T3l AlZFAES] Fo3t atst 4= o

X SODE] &2 %)+ ZLFo| tiztol] Hls Axtal 734 F9jollx] fojnlsiA| Zh4g vHH, F2He] Q10 A 2] 252 f-2fsiA| o] &
Aate Ao g PHE| QTR 1.2740.13; 21429 0.6610.06; TN Q10 1 1.09+0.14) (p<0.05)<Fig, 3E>. 21429 ZEoAf= Tz
ol H]al AP oA TNF-q, 116 B c-Fos®] ' 42o] f-oJstA| S7Fsk3iet. @Ataalel elie) Q10 22 2golA= Nif22F SOD
chanal dksl2fo| Lo)n|sHA| 2713k 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 Bl Felat ol Allele] X149 53 mlel 9%
3 WH8-2 she eI IR Q10 A2 78 staLAL sl At A, 2|4 Aol mhe AR 3 2/ AAIE 24
& U 2 QID Aol e oA skl Sih A 34 1S il o2 Bsiic) w1 el QU AN
% 5% T RApyEaiy AsAg 2] 7o 918 Zasigic mehy 2Ak QLo PR §F4 whe-g 2 slo] X4

A sk A7) N5 B4k ooz Al R 50 EE AR AL

<0 1@ A7gAIES] B2 Bdstel ke £ Bl 3715 7] el ARt A 9ixt A AA ) Fd i o]
| ohek A7AIAE G- Hatel Fre S WEslth x4 RHlojlA tizol lsl] A1 EH A=

! *ﬂi«] ’éi} +E7P “‘*EH] 2/t go] FelelAd vt o w2 Aoz WEHSIH. o= X452 AlZu HEEAE Q) 7t
/e ST AR ol A O*%*é 550l ToI5h= Voltage-gated sodium channel= F7HIA AL 0] 242k E S7HAA 2
G ol R|of|A] A7 A O] 3 B2/ 2t A AN Bso] F7FEThs o Aot AX|ghe BRATHI16]. 22 ALl ofsh X1t Ao
AITCHe] & #-E Ca* 5= 377t °‘°1L1LJ_’— ol= TRPA'E & TRPAL Tl Qleh= Aol AXIFITHIS). of= x| et of ek A7
e} B A1734d 2]4=A| 2] Transient receptor potential (TRP) o] xfdo] Ta=m, /\‘7} 7 Ul TRPAEL tlofst &ejjo] 7ot E=
I} o] AL H]AIA 214> Ao ofsl] EiE]= TRPAE ] 5412 Aol tofste] 2|49 F/doll ToiRttHI9). 2|4 o] Bge o
Q1 Y URt /g n A Eat HRlE A EAF siR ) & B S 2AollA e &4 R sliEo] Ty ’lo] H, o= X|4A
Ioj| A o]2]gh B} Wl £4) ¥k 3l Toll-like receptors (TLRs)E BA4J3} A7 95 A E7} Al2te]o] G254 Alo| E71Q10) W& Hl-SAd
BT A B A5/ MM HUE Sall AAE 2SRt 20]. 553 Rl TRPAL AE2 B/ kagol| ofsii 2/
S, o= IAHEA(H,0,)E Zot|Hol] ARRA] APAHIZE EA17]12L TRPAL A B3-S feskal 2opEER AREs
2-hydroxyethyl methacrylateE x| QIchAl 0]l X2] A] /d4t4E-2 53 TRPAL A'ES 248} Sk tol] ofsl ZRl=|leH21]. 3
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A Q10 A 2] A] FAkat 2-gof et SODF Nrf2 A5 7g thiZ o] fojn|gh 371 tHasto] 4kaha] /ol tisl 2t 2u]H Edikagol 2
<2k Q1001 oJ3h AAE-S BI5IACE. o] %5 melojlA] 2L Q10 A 2] A] SFret Prre] 71 Zol5o] Bt thxt
of u]aj ZHAstal w2 3Eeg Hel ofH et fAFRS HRITH24]. tEdh & oo 2 g A W dAtol|A] W] & 39izk] Q10 911t
Eul2d el erk 37kt o] AAEI o, 1Ak Q108 X|-20fl =4 Fof Al GCF &8 Y 2|-21d2] Zlo] & 7hai|7|1
2] 2] & B FARTHE o] Aot RARRHS BRITH25]. &, o) B/dAtaZol ot X 552 FAtstAl 2ol uh2 AtskakgoiA|
o} FEAl S0l ot ASA BHS-& Weo] Fo 2K 550 H ot Hobxlrtar g7be]m A=) Q100 oJs) 2= AIZFM|E S8
2 B34 24 5250 WegE]glol 7]ofs 4= S A o2 AL & Ao Alghd2 x| BelS o]-8slo] 2Ak Q102 kst
SIS BAsIglow, 55 mElo] AR Qleh QI X|rdatke] 2|3 A9l AYelshA ulawrt o, 7|2 2|5 Fah W 24 Fof B0
oot 27t AL d Qste e AtollA] st FatshA|eke] vl i, x]42d] B3 Q1 HARRS-Z Teeh thZlA Q] At W A9l ok
3 B7He 5ol A A8 7hs/dE FAISR E et ik

Z2E

2 AT 24 U B34 TRt SRRl FRAREQ] Q10 A 2ol whe et 5 e %71/ 2)E Y B ESA 7R Bl
wEsko 2 gatetA| ] x| ke Al e S40) Hstet 550 B2t Ao 2] XS g S ARIFHo =M A A E Al 2|4
dol T35 B S8 7Fs 7|1ZARE Algstt oiglom, thaat 22 A2S Ak

1. F71/Y2]5k4 335/ om|A] glo]ele] E/dst S A PR BASH At thRTol|A= 27) 2120 thist 718 2/ sk ARk A
P} HSh= w7 EAN(3.1240.09)2 2544(207.10+35.30)2] A w o] LR A]RE X4 g0l A= A2 166.34+11.628 25
ol A= 641.33156.200 & FASHH 0 2 Folu|ahA| A7 A E4do] F7HE 2 BATHp<0.0D).

2. X5 T35 W S0 QoA X4 TLFoll A= 0.5610.030]H tRatol| A= 0.2810.042 ZR1E] o] X|4=HolAl= Al 7 Aol A]
o 201 75k 2/d 3t vhg-o] =] ITH(p<0.05).

3. %140 % 902k QL0 TLF A ZABH AP O T Ak 0 ] S o 52k ol S HEATHEAY: X148 163.41410.37
2] Q10 45.0019.16, =A: 2|44 630.41+55.21, FA=FI Q10 439. 67“‘58 15)(p<0.05).

4. 7021 Q102 =] 2)3t 120l M BAJakE A Eo] HES 5y ]—z] 52 0.5610.030] 2 M2 Q1091A1+= 0.39£0.052 &
215] 24T p<0.05). &, TSR] AR Q102 A3l <lgh 2t 5243 *17:‘*115591 52 20-40%7HA] JAIEHIC
5. 2APYESA 7S o 85t AP o) Al e g thild w3t %ﬂré}oP 23t 2|44 2gollil= tiztoll v]s) TNF-a2t 11L62]
A5/ T v o] folsHA| S8 LHp<0.01), o3/ AS AR c-FosollMe 7 ke /dnto] Ta= qich AtskA|l 21
A11Q10 #2] 2FolA= FSdTuld el whao] folulahA| Z01E 2 (p<0.05), B/dAtAFol| oI5t 2taha] 442 HAA]7|= NRF22F

SOD Sl W] §ojulspl S7kehe EI5t9IrHp<0.05).
o ge] ATk AR X490l et BEBA APAES] Bio] F7Hsklon 5 AlolE7lele] HilE HAsH 715l
k. v, 391x4e) QL02) Helol W AAHIES] 55 B Bisht Aastglon olo} B Gasttde] Wizl 7)ol )
oIck. olefet Auke 2 QL02) et 5T ASE AER AT QI X4 £4 B B5S Folr 483 NBHIUS ATL 4 U

Ul
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