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XA N ZE A ER A DB R AR . FiE /0 MB AL AR MB 20, MB ZH R H 50 pumol/L MB ¥ ¥ , B4 MB 21
K H 50 wmol/L MBIRA7EREFL I P, B N- £ Bt -1~ (6 E FR LM (N-acetyl-L-tryptophan amide , NATA ) & 1,3-
RIS IRIFULIR (1, 3-diphenylisobenzofuran , DPBF ) 23 5l 45l MB 21 % 4 MB 41 11 0 Ak 6 1 B B 48 S
A A TR EOCEIGRI BE 77 AR LR ) o WSCER SRR R F L M S IR OF 1 26 i R AR A R A Y S, F L B
W FE I R B ZEAR A TP 1 20 A o K 2 BR DA AR AR B AR I 43 S — 2 H AR AR YT 4 \MB-PDTVRYT 4 B
A MB-PDTIRYT 4, BH4H 104>, SRR WA B FEA S , TARSME IR 24 h it 3 7% 40 (CFU/mL ) , 7347 PDT XJ i
HNIEERE G R R . R T IR AR R B IR 73 o =2, B 5 REAS, 40 BIERBUR | AR R
T =B AT/NE 1000 pm VR BE I A B REAS, RSN FR 24 W THER IS AL (CFU/mL) , 43 H1 25 41 A4S A [R] 36
DA/ NE LA ERTATE R . R B MB 41 A IE 1 X BB R =R RE 1358 F MB 41 . 3 #HL
BEnT USRI BRI 0 A T A AR /NG R RSN AT B Y SRR S B T . B4R MB-PDT A7 41 35 I BR T ¥ B %
1= T AR VR TT 41 R0 MB-PDTIRY7 4 (P < 0.05) o B PDT BH 5 k036 T AR T Bt 25 AR o /NS ) R BRI, 2%
A ERTRE BR BT A4 (P <0.05) . & AR MB 3547 PDT A] LUARAS B8 47 AR A R IR AR, OF B
AT DL 2 R R AR T B AR B R 2 1 2 K A T R AR

[kiA] Stahdrik; BREOLEGH; WHEE; WS, REESHE; WREHEH;
ThERRYL; EEKE; BT :
[FESZEE] R78 [XHFRE®B] A [XEHS] 2096-1456(2022)09-0638-06 Wi
(SIAZRBR] A E 0, R B EOG3h 7 i MR A N 288 1 B 5 3 BRI O AR AN 52 [0, 11 s 2 s B
1A, 2022, 30(9): 638-643. doi:10.12016/j.issn.2096-1456.2022.09.004.

An in vitro study on the clearance effect of oxygen-releasing photodynamic therapy on Enterococcus faecalis in

the root canal YANG Guofeng', CHEN Weiting”. 1. Shanghai Stomatological Hospital, Shanghai Key Laboratory
of Craniomaxillofacial Development and Diseases, Fudan University, Shanghai 200001, China; 2. Shanghai Xuhui Dis-
trict Dental Center, Shanghai 200032, China

Corresponding author: YANG Guofeng, Email: 921888961@qq.com, Tel: 86-17602191536

[Abstract] Objective To investigate the clearance effect of photodynamic therapy (PDT) with an oxygen-releasing
photosensitizer methylene blue (MB) formula on Enterococcus faecalis in the root canal. Methods ~ Groups were divided
into the MB group and oxygen release MB group. Samples in the MB group were mixed with 50 pwmol/L. MB solution,
and samples in the oxygen release MB group were mixed with 50 pwmol/L. MB in oxygen release emulsion. N-acetyl-L-
tryptophan amide (NATA) and 1,3-diphenylisobenzofuran (DPBF) were used to detect the oxidative activity and singlet

oxygen generation of different formulas of MB (MB group, oxygen-releasing MB group), and the oxygen-releasing capaci-
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ty of the oxygen-releasing photosensitizer formula was analyzed. The single root canal anterior teeth were collected, and
the Enterococcus faecalis root canal infection model of isolated teeth was constructed. The distribution of Enterococcus
faecalis in the root canal was observed by scanning electron microscopy. The isolated teeth with Enterococcus faecalis
root canal infection were divided into three groups: the conventional root canal therapy group, MB-PDT therapy group,
and oxygen-releasing MB-PDT therapy group, with 10 teeth in each group. Bacterial samples in the root canals of each
group were obtained, the number of colonies was analyzed(CFU/mL) after 24 h of in vitro culture, and the clearance rate
of Enterococcus faecalis in the root canal by photodynamic therapy was evaluated. The remaining isolated teeth with En-
terococcus faecalis root canal infection were divided into 3 groups, with 5 samples in each group. Bacterial samples at a
depth of 1 000 pm in the dentin tubules of the upper root, middle root and lower root segment were obtained and cul-
tured in vitro for 24 h for calculations. The number of colonies (CFU/mL) was analyzed, and the clearance rate of Entero-
coccus faecalis in the dentin tubules of different segments of the root canals in each group was analyzed. Results The
oxidation activity and singlet oxygen generation capacity in the oxygen-releasing MB group were stronger than those in
the MB group. Scanning electron microscope detection showed that Enterococcus faecalis was distributed in dentinal tu-
bules, indicating that the model of root canal infection in vitro was successfully constructed. The clearance rate of En-
terococcus faecalis in the oxygen-releasing MB-PDT therapy group was higher than that in the conventional therapy
group and the MB-PDT therapy group (P < 0.05). Oxygen-releasing PDT significantly improved the bactericidal effect in
the lower dentinal tubules, and the clearance rate of Enterococcus faecalis was better than in the other two groups (P <
0.05). Conclusion Photodynamic therapy with the oxygen-releasing photosensitizer MB can achieve a better root canal
bactericidal effect and can significantly improve the clearance effect of Enterococcus faecalis in the deep dentin of the
lower root segment.

[Key words] photodynamic therapy; oxygen-releasing photosensitizer; methylene blue; reactive oxygen; singlet
oxygen; root canal disinfection; dental pulpinfection; Enterococcus faecalis; isolated tooth
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WHRE 1 min, RHDESIIEIT ARG, 1 min(660 nm,
30 mW) , HLAZ AP BR 1 UK B MB-PDT IR YT 42K
FH 1% % SR BN IR WAL BRAR A 5, 15 A 50 umol/L
MB B FLAL W E 1 min, % FH 660 nm i#0O6 I
51 min, FE HPIR 1R

FIH TC AR TEAR A N EURE , 8 60 s JiT L i
NEH 1 mL THEKTHEEOCER IR
10 s K5 4B AEASFE BHI A ¥ 85 37 5 37 °CF B
FEo FEARTENFE 24 h5 , 43 WA I A5 A 15 3= 1L _L
PRV T B L FF HEAT AR T 0o K AR A AR AR (1)
R (ORI 5 7 N | BN W = R R
IR B %

HRETEFR (%) = (M-N)/M x 100%

o MA FE 2R A0 B A, N oA A BT A0 R AR
SR KR IS S0k (9],
1.5 AFHAFTEANRRARE AT KR DNEAE
W SR T 84 7 R AR

U i K PR R A TR 1) B AR AR 15 A4, Bl L
Oy M H ARG T 41 . MB-PDT 457 41 FI B4 MB-
PDTIAYT A, B2 S AN B AR AR, W I 53 B 5 A4S 85
AR 5 AR AN ASUAT: AT &b BB AR BBURR 487 NS [] 35 467 28 A
JE /N P REAS A Ay 200 B 0 SR 2 B AR U A
KB\ ) BETF 8 P =250 70 AR b AR R
=B CR/NERE (B AR 1 mm) 7EAR | AR AR
T =B A AR A G A AR B EE 1000 wm Y
FAJEE |, A O B A A W 1 5 AR o )
JAT R R AE — 250, I AR BR AN Sk NI A 58 4 T AR
A N BE ISR 1 OB [R]Bs R T 0k G e Gt 2
() VT 7 s, o J FH) G T KO R D e 8 30 5 00 A5 v
IR 10 s,

g 2H AR PN Ah 3L B A R B 3R O VA T
LAPTIAR . S8 RO I kS5 30k
1.6 %itErik

K F SPSS 20.0 #4 (1BM, 2€ [# ) iE 47 %5 5 4>
M, B H x + s KR, ZA I LR T 220907,
PO LR R, R 37K 7fE e = 0.05 6

2 & B
21 BB AERFELEA T AR

NATA ¥ B2 1 T [ 3 A0 3R 7O Ak I 1 .
10 min(z = 3.570, P = 0.023) .15 min(z = 3.507 , P =



A& E

b

2022 9H F30%5 FoH

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2022, Vol.30 No.9 http://www.kgjbfz.com - 641 -

0.025) .20 min(z = 2.904, P = 0.044) i}, B¢ 48 MB 4H.
NATA ¥ B (1% °F [ 2 #6 5 T MB 41 F B %6 (P <
0.05) (Kl 1a).
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20 min (¢ = 10.180, P = 0.001) i} , Bt & MB 4H

——MB
= —=—oxygen-releasing MB
312
: 10 ¢
z 8 N
26 :
2
E 4
=2
0
S 0 5 10 15 20

Time/min e

Concentration of DPBF/uM

DPBF {4 T [ 2 2% 5 F MB 4 F B 3R (P <
0.05) (&l 1b)
22 EMERABREREBED G ES

20k 3 SRS SR SR A4 L IO WL AR
AEREZR T, AT DA DL B AR A SR T K = DR Y 28 g Bk
WG, IR AR AT/ INE NEB, 6B AR 7 Ik e
TR Y DT (K12) 6

—m—oxygen-releasing MB

120
100

80
60
40
20

Time/min @

a: the decreasing rate of NATA in oxygen-releasing MB group was higher than that in MB group (P < 0.05); b: the decreasing rate of

DPBF in oxygen-releasing MB group was higher than that in MB group (P <0.05); n = 3, *: P <0.05. MB: methylene blue; NATA: N-

acetyl-L-tryptophan amide; DPBF: 1, 3-diphenylisobenzofuran
Figure 1

Singlet photooxidation activity and oxygen generation capacity determination in MB group and

oxygen-releasing MB group
B 1 MB ZH AR MB ZH DI S A T A B2 4™ A e

$3400 15.0kV 6.2mm x10.0k SE

23 BUMRENEMIKRRAFLE
AR E R AR E NG ERE R R R R
(90.43 + 1.43)% ,MB-PDT /Y7414 (95.95 + 0.77) %,
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WEE R E R TE B R 22 R B A 12 X (F=
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P TR MRERITA , ER W EASIT¥E
X(P<0.05),
24 RRMEIFRAT AR NERNERRA FRE
SHRRAE N FERA AR AR R B B AR

a: a large number of round Enterococcus faecalis
on the surface of the root canal can be seen (X10
. 000); b: a large number of Enterococcus faecalis in-
vading the dentin tubules(x2 000) (arrow: Entero-
coccus faecalis in the dentin tubules )

" Figure 2 Scanning electron microscopic ob-
& servation of root canals infected by Entero-

o coccus Jfaecalis
o B 2 A B UL A% 2 M R T R
WA
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PDT {697 4L B % & T3 BUARE 1R T 4L, B4 MB-
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3 3 i
3% M BR A R — 2 I PH MR ek IR AR, A
FAE N AT IE WA WIS, 76 8 A B /INVE N T A 7 IR



b

AfEEmmBiie 2022698 £30% $9H
+ 642 - Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2022, Vol.30 No.9 http://www.kqjbfz.com

R RFRRAST AL A B/ NS A FE I BB R R

Table 1 Determination of the clearance rate of Enterococcus faecalis in dentin tubules of different sections x s, %

Clearance rate of Enterococcus faecalis

Group n

Middle Lower
Root canal therapy 5 97.47 + 1.04 92.48 +2.83 85.44 +1.43
MB-PDT therapy 5 99.39 = 0.87 95.73 + 1.95 91.94 + 2.47*
Oxygen-releasing MB-PDT therapy 5 98.67 = 1.18 98.96 + 0.78" 97.87 + 1.14*"

a: compared with root canal therapy group, P <0.05; b: compared with MB-PDT therapy group, P < 0.05. MB: methylene blue. PDT: photodynamic therapy

JETTIR 1000 pm, BEHETE R R B AT HAE,
Al AT 37 AR A N pHAE I B R4S T I B R AR
b, LA 250 " . T AR 45 M R 2
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445 2 JE AL 2 0 ) R 5 i A T, TG 2 1 5 R TR
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FEAR S B BOAE . BFAE R B, R AR AR TR
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