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The Efficacy of Atmospheric Pressure Cold Plasma Jet

Against Enterococcus faecalis Biofilms
at Variable Time Interval
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Abstract
Objective: To study the time duration in which
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atmospheric pressure cold plasma is efficient in the
elimination of Enferococcus faecalis biofilms on
dentin slices.

Materials and methods: 90 slices of 5x5x1
mm human molar’s dentin were prepared and
sterilized. The slices were incubated with E. faecalis
to form 7-day-old biofilms. Specimens were
divided into controls and five experimental

groups. Groups 1-4 were subjected to atmospheric
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pressure cold plasma jet with 98% helium gas and
2% oxygen gas for 30 seconds, 1 minute, 2 minutes,
and 5 minutes respectively. Group 5 was subjected
to 5% sodium hypochlorite. The elimination of .
faecalis biofilm was determined by LIVE/DEAD®
BacLight™ cell staining under Confocal Laser
Scanning Microscope (CLSM). The proportion
of viable bacterial cells were calculated. Changes
in biofilm structure were studied under Scan-
ning Electron Microscope (SEM). Results were
statistically analyzed using One-way ANOVA and
Tukey’s multiple comparison test at a confidence
level of 95%.

Results: Dead cell proportion in experimental
group 1-4 were 0.65, 0.61, 0.63 and 0.78 respec-
tively. Group 4 showed significantly more elimina-
tion of biofilm than group 1-3 (p <0.05). However,
group 4 still demonstrated significantly less biofilm
elimination than group 5 (p < 0.05). Image from
SEM showed the disruption of E. faecalis biofilm
and deformation of some bacteria.

Conclusion: Atmospheric pressure cold plas-
ma jet was able to eliminate E. faecalis biofilms
on dentin slices. The most effective time duration
was 5 minutes. However, none of the experimental

groups showed complete biofilm removal.

Keywords: atmospheric pressure cold plasma jet,

biofilms, Enterococcus faecalis

vindflgtRmsainuluaassnaiuisawaumaiieoa:
24 fis 77 peananusnsalunismssdnlusani:

windaud llmuzaunazdanumusalunsasoua:

(4)

o1fwegluguuuuresuiuTinw'” donaliidefinu

AUNUBITU AN IS AdMeunnUag (extracellular
polymeric substance) viovinuazimatominalungu

oAl o 1 < (5
‘\}E\]?IWVIB']FTEJE]Q'E'JNﬂu( )



Py, AT U7 41 aufi 1 w.A.-10. 2563

laineulaluaaalss (sodium hypochlorite;
NaOCl) uthendroansssnitufifeuldidunasgm
Tutunoumsidnde Wosnndgndandend siuded
AnusInInlumsmdaunuiinmwilelfanududui
g0 lnefinenuanuamnsalumsmdnunudanimlag
Tuidsulalupnalsdinnuidudugoiosn: 6 i

a a i v v s (B
U‘iZNV]ﬁﬂ’]WJﬂﬂﬂ’J’]ﬂ’ﬂﬂJL?JM?Ian( )

aenolsAmuleineu-
laluanalsd fdadoavaauszms léud finduqu fqns
Srmlumsghdoueein Wy Wumslsnendailma
uazuAUAM SN WA (Candida albicans; C. albicans)
Wusu wenaniidsliiAnnsinnsouuasinnuiiy
fngoraiiaifalnsnuAnuIuusousRuAuAN LY
Fuvosloioulaluaaslsn’® foludednnuneney
Tumsmismsnauwnunsidlaneulaluaselsa o1
mslfiawesuannnaieeiia 1wy imwestiiaiilefideu-
ufn (Neodymium: YAG laser) awasutiaoasidan-
ufn (Erbium: YAG laser)” wazinweslalen (diode
laser)'? dofifaspefemusoiidnunmiudunseis
limonndasdudnvaznsnansnily Bnviogunsal
finmgouaznsfnwinuinaweiivsziniaimlunis
mandeuuafideldiisuuihnslilafonlaluaselss
FouanliiduisoguUnsaiiadulumanszduihenluidoy-
lalunaslsmuiniu wonanigeinisliasinlalaundn
(photodynamic Therapy; PDT) Foidumsld WRIATZAY
f3luds (photosensitizer) nalvilAnsyinsaandiau
fiteoly M lumsmsadouuaiise odolsfnudens
wuUszansawlumsmanidenuaiisedeaninmsld
ToieulaTunaslsn®'"

wagan (plasma) Wwsssiiai 4 l5umaimmn
wazsuflouian lumensunn g uasmeiunn sy
warsinaaasUssanmuilasefiuanaeiy 1
WARONE0IH gaunAd wARThuNEY 01 Biie
20nT1aN UlATIAN B815ADN wATANBMIYBIWY 1Uu
13n (jet) wau (plume) Auge (pencil) 134 (needle)

12,1 ~ = &
(12.13) mmmummmmmm‘[unnwnmmaa

WUy
WAIRUNNANUAUUTIENAA Taserdenalnaisunnsa
YpounsinlAsundssunnTzud Wi tAndiRAnTau

(electron) Uszqlwih (ion) uazeyyadas: (free radical)

CM Dent J Vol. 41 No. 1 January-April 2020

'
= =

=1 »(14-16
Foflmusunsalumssudela®

TOAYDINRIEU
fo fanudssaduilssnnlufianuden lddinavhane
floe Uneadpaey liou liwasouties uiinsse
fowinden warsunsngdesumelsrenAaiadals
solugtuvugadndaszunzunudaam’’™'
ANINUNIUITIUATIUNUI WARZANTANWINAT
nagsUmMIZNTafmsna LS aTiszazauanmeAuly

=(17,19-22) = - . o
LIYIUATTAABINITAIAA

mous 1 B9 15 Wt
LLNu%’JmWﬂaoﬁlﬂuﬂﬂﬂuﬁgﬂﬂaﬂmamimﬂwmam
finar 1 i fussinsawlumsmaauduiininees
BeodumelsrenaailmaglagiAsrunsgionieten
ANDLENT ﬁuﬂQImum (chlorhexidine gluconate) A4
Wutudesa: 2 sawrumsliinisssanmlofindunm

30 Juit?

WeNAARB MBI UIINRIFLTIIE
15 Wil Aanusnsalumsmaaunudnnooods
wuwmelspendsimadlusniiuaeuinnnin 5 waz 10
Wi TnemsAnmslngwuindelinwarsunfinm
WuBuaninUssnsmwasmanide egolsAmuns
Wnnafiinniuesldmunsausunsldouaielume
aaan?*?1 32 solumsAnwiaeiesn1sAnTonaT
ﬁmemuﬁmemLﬁmmmﬁumimmﬂﬁqmmﬁﬁw
sunsamdnuHuiimwaeodedunelsrenAaiaas

vuunileAulaneoduszfindaw

qqﬂﬂsmumaﬁms

mMaAsEnuRULE oY

sAdaiiumiusalasemsfnuidelunyud
91INAMZNIIUMIRTINEEIRANNLR:ooAundun e
YOI ATUAUWNEAERT unanenaeTeosln
WM 3/2562 uazruMIFUTEINITaYLIA LY
MIAMUANUUABAAENIITIAN IAANINTTUAIT
AnuUaanAEMaTIMNIEAUT YRR 5 uminend
Waslnad (Approval No. CMUIBC0562003)

msfnmilddunuuyedduau 90 4 un
FAUIIANTDEABLANDUNUAUIARDUIIANY (cemen-
toenamel junction) Aaawinseliiinlaneunnsn
(diamond disc: 3M, St. Paul, MN, USA) MnuRn

AudrumAuaulaunuiilodu (dentin slice) NiaAwME



Uy, AT U7 41 aufi 1 w.A.-1.0. 2563

yihdndusUfimAsudnisunn 5x5 Gadwns v 1
finfuung fendainily (IsoMet® 1000: Buehler,
Lake Bluff, IL, USA) fauaviiunuduliizaulne
T¥nsemeneiniinnueIuiues 800 ua: 1000
musay hududeduliunanndesisnisudihe
laneulglupaalsn Anuduiuioes: 5 (RCI labscan
Limited, Pathumthani, Thailand) MUFIBATUTEN
witulaeiumnszez@in (ethylenediaminetetraacetic
acid: Smear Clear™, Kerr, Orange, GA, USA)
anududuiosa: 17 anduszifivgnivesloidioy
laluanelsfaromsutludeloisulnledamn
(sodium thiosulfate: RCI labscan Limited, Bangkok,
Thailand) Anututuiesaz 5 luewsanmlofinuah
L°t”nm'%'a\maam%@‘s:uﬂaﬁnﬁqmmﬁ 121 poAmgaLded

ANusulen 15 Yeudnanis1ofia wuial 15 Wi

mawnseatiounzuiuianiw

ihideiduimelsnendsimasameiugiofidd 20212
(ATCC 29212) MNoIMImMandBde ¥n3da
delusnuwizideiuiiealo (BHI agar: HiMedia,
HiMedia Laboratories, Mumbai, India) Usluguu 7o
(incubator: Memmert BE-200, Memmert GmbH,
Schwabach, Germany) lugn1i:fieandiau gamail
37 sermaides e 24 Halus mmfuiidenn
fudsade munluomadsodefinmaidiele (BHI
broth: HiMedia, HiMedia Laboratories, Mumbai,
India) fuunisvitliunanndeluduuds g
37 svrwades wlddenfianududuwiiy 0.5
McFarland #ifivsinande 1x10° wierogulalaiide
18@8M3 (colony forming unit per milliliter; CFU/
ml) Yndeuazemamaitiung 5 daddnsldacly
nau (well plate: Corning Incorporated, Corning,
NY, USA) Zsuraztosussquaiuilafiu unluguuidely
sanzifieandiau namndl 37 ssrwaided iunm 7
Fu Tagvhmaasuomsiesderfinmariuduiuie
TiAnmsafounudanmun Gudumsifnududininae
msthusileiud 2 winlneismaduatiodiom

AnwmentesyanIsAudIannTouTingeonIn

CM Dent J Vol. 41 No. 1 January-April 2020

gunsalAndanatanninnuAuUsIEINIAR
qmwnﬁﬁ""l

Tulowamsnanuduussnmeafigunaiis (BIO-
PLASMA Cell Modulation: PhotoBioCare Co.
Ltd, Nonthaburi, Thailand) #inlnsaaizidiAmanssu
Tamsunngd Andmnsauans uminensodesln
MM awsunmuszuuAIaoHAAn ssua I AT L oA uLa:
ANNAINaN AN INIANUAULTTIIN ATID AT
s Wnasnflidusuunaanidaanuduusssme
(atmospheric pressure non-thermal plasma jet) i
INNIFLAUDIALTUNILANEAR1Y 0.25 TRRINAT 812
1.2 wuiuns Wuihlni (electrode) wazldUasn
duefindummazvigeslseiiafu (ethylene tetrafluoro
ethylene needle: Terumo Surflo®, Tokyo, Japan) #17
1.7 WufmaT 1aduuAugna1s 0.7 Jafwns v
MﬁwﬁLﬂuuNuﬁv”ﬂw%ﬁjﬂmu (dielectric barrier) ufii
1 lumsfnuiife Siduy (Helium; He) Souas 98 uas
pandiau (oxygen; 0,) oz 2 (He/(2%)0,) Uiuls
fisnmsluazesufis (flow rate) 0.5 Anssiewii wle
Falpeipdooinenmmalve (flow meter: Cole-Parmer,
Vernon Hills, IL, USA) ufIWUTEILITONIANRIENT
ANNFUUTINMAT AT liidetaU sz 0.075-

0.2 TAARDATIILYUALUAT

nMsnataunansliarswa NS ARINY
ussmnmﬁqmmﬁﬁlﬁ

LUsuN e AU TunuTinweosidieifuinels-
ARNARHAIAEDDNTUNTUATUANLRZNEUNARDIDETD
qu Foaof 1

thusuioiuffiuiudinmeny 7-5u fuferosin
Uniesoilay (Phosphate-buffered saline; PBS:
Merck, Darmstadt, Germany) U314103 5 {aRan3
o 2 it nduhllihmmaseumungdudoil

nguAIwANay: wiwdudoAulunosiatwires-
glatl Usung 5 dafdns wier 5 i

AQUAIVAL: VINITRENAITUIIAAIUAY
ussEnMATaAsn Usumanud 10 Aladand ua:

gns1Wae (pulse repetition rate) 100 (&5aF 1dsnT



Py, AT U7 41 aufi 1 w.A.-10. 2563

CM Dent J Vol. 41 No. 1 January-April 2020

Mz 1 Fauusuideiuluuiaznguilinagoy
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Selected CLSM images from the control group with 20x magnification
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Figure 2 Selected CLSM images from the experimental groups with 20x magnification

mswA 2 ennaauas uiFin (Andeowu) ludasagunismaney

Table 2 Proportion of dead cells (standard deviation) in each experimental group

Experimental groups n Proportion of dead cells (Standard deviation)
1 Plasma jet; He/O 30 seconds 6 0.65(0.12)*
2 Plasma jet; He/O 1 minute 6 0.61 (0.11)*
3 Plasma jet; He/O 2 minute 6 0.63 (0.14)*
4 Plasma jet; He/O 5 minute 6 0.78 (0.07)°
5 NaOCl 6 0.95 (0.04)°

4¢ Values with the different letters are statistically significant different (p < 0.05)



Uy, AT U7 41 aufi 1 w.A.-1.0. 2563

Mfouene 10,000 whwusnwazadinsURsuLUag
iy madnmaventugad ImaUdsuudasgielas
fAMu ANty (gﬂﬁl 3 b2,c2,d2,e2) uaﬂmﬂﬁﬂf\ju
neaaufl 3 uaz 4 wulTaneadinisaaddnuiaua:
wnduAwaadnaniingunanooi 1 uaz 2 Tusnd
AgunAnas 5 wuhiuiidln Unenadouuidu
ety wuidaiiedluuinasiedoduuiodu (Ui 3

f1,£2)

3,000x

nguAAY
(PBS)

. -
nguNAADIF 1
(Plasma+ He/C,)
30 ui

., el
NEUNARDIN 2
(Plasma+ He/O,)
1w

nejumaaosil 3
(Plasma+ He/Q,)
21

ngamaaaddl 4
(Plasma+ He/O,)
5wl

. o
nguNARBIN 5
(5% NaOCl)

gzli'f 3

CM Dent J Vol. 41 No. 1 January-April 2020

umInsal

wumalspanAad mfgidunuafiisounsuuan
gusn Aslsavarsszuulusime wuguAnsalgelu
ARBITNALAFLIMAINAMTT AW ARDITIATIY Lilasa7n
fusaaiouazofeoglugluuuurudanin virlid
wvsndmeusnaavieudieiddinedld lusni:
wndeuiliminzay Wy Uinaems ganzmsdl

2ENTLIUTIAN NMIZNIA—ANIYS ViTRMNYNFY waziins

3,000x

10,000x

NGUATUAN
(He/0,) 30 3uil

AgUAIUAY
(He/0;) 1 Wit

NFUAIUAY
(He/O,) 2 Wi

nguAIuAN
(He/0,) 5 unl

AmegvnIAnsasganssmiBiaansoudiingoun 1 lunguAIuALLasAgUNAEUTIAEIE1Y 3,000 1huaz 10,000 11

Figure 3  Selected SEM images from the control and experimental groups with 3000x and 10000x magnifications
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