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Abstract

BACKGROUND: Studies have reported Enterococcus faecalis can exist in environment which is lack of nutrients
and antimicrobials to cause re-infection of the root canal. Sodium hypochlorite solution is shown to have strong
scavenging action as a root canal flushing fluid to eliminate residual Enterococcus faecalis.

OBJECTIVE: To explore the antibacterial effect of sodium hypochlorite on in vitro biofilm formation of
Enterococcus faecalis in different phases

METHODS: Biofilm models of Enterococcus faecalis were established at exponential phase, stationary phase
and starvation phase, and then the biofilms were exposed to various concentrations of sodium hypochlorite
solutions (1.0%, 2.5%, 5.25%). The contact time was 30 seconds, 5 minutes and 10 minutes. The direct optical
observation of Enterococcus faecalis was conducted under confocal laser scanning microscope.

RESULTS AND CONCLUSION: In the same concentration of sodium hypochlorite solutions, the biofilms of
starved cells were more resistant to sodium hypochlorite than those formed in the exponential phase and
stationary phase (P < 0.05). When the concentration of sodium hypochlorite was 1%, the reduction of viable cells
showed significant difference between the exponential phase and stationary phase (P < 0.05). When the
concentration of sodium hypochlorite was 2.5% and 5.25%, the reduction of viable cells in the exponential phase
and stationary phase had no statistical difference (P > 0.05). For the biofilms at the same phase, 5.25% sodium
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hypochlorite reduced more viable cells than 2.5% and 1% sodium hypochlorite (P < 0.05), and 2.5% sodium hypochlorite
also could reduce more viable cells than 1% sodium hypochlorite, but it only exhibited a significant difference when the
contact time was 30 seconds (P < 0.05). These results show that under the same concentration and same contact time,
the Enterococcus faecalis biofilms at the starvation phase are more resistant to sodium hypochlorite than those at the
exponential phase and stationary phase. Under the same contact time, 5.25% sodium hypochlorite exhibits the best
antibacterial effect on the Enterococcus faecalis biofilms at the starvation phase.

Subject headings: sodium hypochlorite; Enterococcus faecalis; biofilms
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JL 5 £ W 1 8% (Confocal Laser Scanning Microscope,
CLSM)(NiKou Ti-C1, H#Z).
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VIEREAAORFIE SRR, 37 ClHiRIGIR48 hig, WIE %
S KA AR R R LON B % 7R (log CFU/em?),
EEAEFH 24 7 )5 AR R P R 850, S I P 24 5 % A PRI o
IR 24 5 FEAR LL2% 15— W 18] 52 10 min, PBSIEEYE
U A min/ik, AW IN100 pLoE 4, =il
FHEE 15 min, PBSHE3IR, 2 min/ik, AL 2 Y,
Bl JE EATCLSMWLEE, DL E e s = kAT .

FEEWMERIEHR: AR S K B AR W 24 ) R s
PEGER s AN 13 Bk o A A M P 24 i 036 T ke B it v

GO WSR2 R0 2 ki T 4
3T, LASPSS 11.540 v AT Hicdte kb 28, - %5t
XtSEIRN, WA M HCBER 2 R 35 75 2253 T (ANOVA);
SR G R HILSDILS-N-KVEAT I LEEE, P < 0.058 Z R
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21 EmREAAKwLE BE1IR: 0-8h, IR KR
TP K, REOY; 8-24 h, BN B K S
IHRFEA R R, hARe i 48 hiE, IR IFiH KR
BETS, ANREISHERC, (HIFEAT e, Rz E
FEIABE A ER A NS PE, A LRI

2.2 RABANBIRAT AR I E MR E AL s
R OGETHTRI, SIS R T R WA SR
WHZGSREe T, B R A AT, AH R I ) Y AN [
A TR 30 6 K A A 0 X A [ 3 U S IR i 2 ) Uk
% BEER X (P < 0.05).

ZEHEMA30 s(F1): ORI 1E1% IR RIEH
N O HU S RS WG B R R R e e e R
(P>0.05), XF&UY. Ao W15 1L G 1 PG i b s 22
HEREE X (P < 0.05); {E2.5%KEMMIEA T, %4k
A5 A% MV A IR L 2 R E B R (P > 0.05),
X EUHA AR WS YUY B PR R L 2 T R R
X (P<0.05); #5.25% XA BRIERT, OS5 s
R R e 22 S e i B P 7 (P > 0.05), X330l Ay
SV T P o L e AT B R (P < 0.05). @41
PWELE: PR, 1% 152.5% A RANE R 15
PR R L ZE R LR EMER (P > 0.05); 1% 2.5%5
5.25% UGN AE HT R 103% s BRI i L 22 e 1 BB R
X(P<0.05). FaEdt, 1%52.5% )& B 1ER R
TR PR LR E R L R E R X (P> 0.05): 1% 2.5%5
5.25% UG IR AN VE FH T TR0 B PR A L ey e R
(P < 0.05). YUHIMIZIT, 1% 52.5% KSR AVEH T 3G
FR R ZE R LR EEE (P> 0.05); 1%. 2.5%5
5.25% AR VE T N IS s G R R E T B E R
X (P < 0.05).

ZEEES min(#2): ORI 151% R IRIE
MR, *EOS R m EBRCR LS = R B E R X
(P>0.05), XF¥i. Feow -5 LIRS 14 PR B Ll 2= 5
AEFEEE (P < 0.05); E2.5%KEMAMIER T, X4
H e A R ARG o L A 2 S B Tk (P > 0.05),
SR AR B S YRS B PG R L o ey B R
X(P < 0.05); 1£5.25% K FIBRAMERT, XEUH ST
T PR LR s R B MR (P > 0.05), XHEUM. e
PSS YV & PG LR 2 e B R (P < 0.05).
@A LR SEHIAT, 1% 52.5% ke 1E R 1
TG PR R LR 22 S R T (P > 0.05); 1%+ 2.5%
155.25% RN VE T T 035 B B A% o Ll 2 o S ik
BX(P<0.05). faeiidld, 1% 52.5% KA RMIEM T
FAOE P PR A LU 2 S B 2 3 M SL(P > 0.05)5 1%+.2.5%
155.25% RN VE F T (TG 18 B i b 2 ey R
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Figure 1 The grown curve of Enterococcus faecalis
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Table 2  Effect of different concentrations of sodium hypochlorite
on viable cell reduction in Enterococcus faecalis biofilms at different
phases when the contact time was 5 minutes

(x+s, log CFU/cm?)

F1 TEREXGERNERIERATSHBEFKEEYEI0s F
BEE IR E L

Table 1  Effect of different concentrations of sodium hypochlorite
on viable cell reduction in Enterococcus faecalis biofilms at different
phases when the contact time was 30 seconds

(x+s, log CFU/cm?)

e lh XHE FasE ke d ]

1% 3.24+0.36%° 3.49+0.18%° 2.76+0.38°
2.5% 3.80+0.27%° 3.75+0.18%° 3.12+0.38°
5.25% 4.14+0.19° 4.20+0.28% 3.31+0.36

Fik: SYURIZEMEREEM LS, °P < 0.05; 5 5.25% K& RN LI,
°P<0.05.

F 3 REBWARIERTRITEIZEBIKEE MR 10 min FRIEEFE
K2 LR
Table 3 Effect of different concentrations of sodium hypochlorite
on viable cell reduction in Enterococcus faecalis biofilms at different
phases when the contact time was 10 minutes

(x+s, log CFU/cm?)

R RINR YO FasE i PRE2 ] AR pope ] A e WINE ]

1% 3.77:0.21% 3.84:0.46% 3.38:0.25° 1% 4.10£0.33% 4.03£0.13% 3.6610.36
2.5% 3.95+0.28% 4.03+0.22% 3.49+0.28° 2.5% 4.27+0.53% 417+017% 3.76+0.30°
5.25% 4.33+0.23° 4.16+0.15° 3.65£0.31 5.25% 4.52£0.31° 4.39£0.88" 3.97£0.21

Frk: SR IREEYIELLE, °P < 0.05; 5 5.25% XS IRMNLLE,
°P < 0.05.

g ]

Fk: SYVRIIZSIREEYIELLE, °P < 0.05; 55 5.25% XS IRHNLLE,
°P<0.05.

IREE

2 A REFTHZEBFIKEEMIRE 5.25% X [ERHIERE 10 min FRIEE A RERMBEUE (x200, 543 nm/488 nm)
Figure 2 Confocal microscope observation of of Enterococcus faecalis biofilms at different phase after 10-minute treatment with 5.25%

sodium hypochlorite (x200, 543 nm/488 nm)

PAVE: B INUISE I BR TR A SR I AU T AN TR SR AR, (R R UL BRAE O AR T A BOR B e R A, RA BRI R AE B (K BoR), 1L

YIS B AR A L R A AN 2,

(P <0.05). YLHLIIALT, 1% 52 5% A RMER
)75 1T B A e b 22 R e W 3 PR (P> 0.05); 1%+.2.5%
55.25% R ERANE R T TG E LR LR ZE A B
= X (P < 0.05).

ZIERTI0 min(H#3): OULLLE: 1E1% U A
fERTT, MO SREIER R LRI ER T EEEE
(P >0.05), SEOH. Fae il S YUERIHWE R P E L 2=
FHEFME (P <0.05); 7E2.5%IXERMIET, X5
AR e B B P Eh iR 22 S E B 35 s (P > 0.05),
XE . BRSNS R RERER A R EER
(P < 0.05); 7E5.25%RAMRMIERT, MEUHSEH
TR B R = R T B MR (P> 0.05), X, fauE
WS UV W L = A B MR (P < 0.05).
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QAN ELE: WEIRALT, 1% 52.5% KA IRMER R
R RE R ZE R R E R X (P> 0.05); 1%, 2.5%
555.25% A RN T (03 B B o b A 22 e e
X (P<0.05). faEidi, 1%52.5% K E R MIEH T
)3 BT ARG i PR 22 S Wi 5 1 i (P> 0.05); 1%, 2.5%
E555.25% IR E 2 AVE R T s R R R E R
FPER (P <0.05). YURIAALY, 1%52.5%IK AR 2
WIVE R T 05 T PR L 2 e B P (P > 0.05);

1% 2.5%155.25% I IR N 25 A E L1 17 B B LU e o2
S W E R (P < 0.05),

23 TREEIEMREG EMEGMERLRIE 2
EH30 s. 5 min. 10 minJ5, 3/MNANEIIAZE M ER R A
AR BN, R A YA 2R G A0 Al i
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ARG L A, (RS T AL 0 B 1 A T AT R A A
SEARIE, MR AT B (F5 Sk PTR), DU
TR ] BRI, AR

3 i1+ Discussion
YU S AR N 8 TLARAS, IREVRIT FIRE W
BRAT I 258 8 R S IR, AR P 7k B 40 T v LUGA )
REAKNT], KEILURIRESBAAEA 7S 1.
I, A2EFHER, MAERTT R TR 2 AT IO U A7
AT TR w5 R, B H AT 1k, BRI IR
JRGEHLE NG A S AT 28, (BATHTSUE M 3R e e 37
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M FAIT BORES2, Giard P03 e segh p R B0, 5xt
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BN BIERIERR . OB, WARE RS IRN TR 52
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ML B TE S RO A R A R IO R IR AN A
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FERE TR FRY TN REIR RS, I RIEN RS, FelimEk
BRLE LN TR Py RSB T BRI 2, (B2 BRI 4%
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TS HT AN G R G bR . R E RO ARSI AR A P 41
TP H O B IR YOt gk, AR BTz
. CLSM 24k K T A ZUB S = R —
TR, ATEASTIR A I 6 B 58 0 o Loy 2 TR DG R
MIRTER R, G, 2B, SN BT 9T 1 B AR M 1 25+,
MRAEILG O, RO BB N IR N o T
SOEAT AT AR IR, B T 4 R O AT AR
B E WA R A Y ) SR AR R L, AR
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ANIAY SRR TS (e p 2, i e P 2 1 A b R B AT AR
SRFRITR 241k A7 A3 PR A0 8 R A 3 R
AR, ARSI AEARSNEHON . Fae i
DU S Bk P L DAY, DL BB W T B,
FAARN [RI I 8 DR SR B O SLVE L, R R LRI 26 ek v

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

AR 29U . VT2 SEIG R W IR SR B A AR
E YR, R ISR B G, XSRS Bk
X YRR IR AU . ARSI h RS RN E L S, S5 4
FE R A A (3 v G R T AR I, AT 4
W SRR AT 291 E 30 s, 1%, 2.5%
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BRI R, A TRVE R R IR R E LA
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TEIFARETE A RIC AN AR, RIS R
(TR 2P, 3R] RER T UR A ER R AL A S TR =
EREE I 2EAT, AT AR IARPIRAS, 0B A Ko B At
PRI AT 218, AL TR dn s, I FRR T ORI
J¥r Bk o AR I B R R U . LSRRI R e LU
B, LI IR A YA DU FRIE G AR ek B b
(A R AR B, AR 20 B 2 P T, AR AR A
TR, PR g R T EAR, 2 RIS Ek e
AN R R L A A B B . X IR 2 R
FIH BRI FAT R, DU 2SR i A 2
URIER, XTRGRANRIL T AR i 2R,
Vianna2: " 531 520.5%  1.0% . 2.5% . 4.0% X
5.25% IR TR A0S FE I ER T AT R0, AR 1K BIAH [F) 40 1
S I IR IR PB) AR ) o A7 2 2 W82 53 1 FH 0.5% 1% 2.5%
5.25% < FE IR YU RAN T B 806 F IR OB 2, AT 4N
BEIR, KW AR A, 5.25%IK IR0 mindi =1
FEHRBAYE, HABIKEE 210 min, IR RIKEREN
BT R R S IR 5% o T I A b Yk SR A P 5
WIEH490.5%-5.25%, HICAEImARHRE W B, Lk
FEIGER A, AR B TR, Rz K25
W, DU RAFFIE SR . MBS R N 2Bk
PRGN 250 R ANIR R, nl A 28l B R I e 15 2]
RAUFPEH], MARA L i, 32 miiiisiasr .

Bl BRHREEMRF O EERELR =6 H 3.

TEZ DT FRHRItAH Ak, FRADIME, KK
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