UNINYINS
Original Article

anadunuaniSavavasmuidoanvstanls
Tumaasidulaaouddoiisaiduinolsnonfa
Wmadna:nvansoadd wsad
Antibacterial Effect of Some Hemostatic Agents Used
in Endodontics to Enterococcus faecalis
and Bacteroides fragilis

20ARA w1na’, AFUTEAY misuds, wist sryayzAalwma’

' mAr AR sTUY sUR ISR INEN AaIuAUNNEManT uminendendeolna

ZAnizdnunnemans uminededeolni

S mATNMEIMAMAn3 AAILAULNNEMAnT 9Wa0ATAIMINENdE

Phumisak Louwakul', Treepradab Norkaew?, Pasutha Thanyakitpaisal®

! Department of Restorative Dentistry and Periodontics, Faculty of Dentistry, Chiang Mai University
’Faculty of Veterinary Medicine, Chiang Mai University

*Department of Anatomy, Faculty of Dentistry, Chulalongkorn University

U3, Yiunans 2558; 36(2) : 89-98
CM Dent ] 2015; 36(2) : 89-98

o
UNANYD

Tnguszaod: WaAnmgNiFuLLATISBTRIMI
Fudenuriindedeifumelinenda Amasua:
wuANTesRAs WA

Bms: Weidumelsnends fmas wiaadidy
7783 uazuuniiseuid WidRe 1ilaweiidd 25285 gnld
iaAnwnnEIuULLATIGBTBsITNADA 5 Uiln Aip
By exgiiflunaslsd oxgliloudamn wes
InTam LRzNIANIIUBNTITN DIFEAINATOUUTED

lulaslagduuszAsdaniadu Tnednguarunuuinie

Corresponding Author:

piiAnA w1na

nu., M. (ngueulanaus), am.a. (iuai iFamans)
MATNIUANTINY IUZURUTIUATNGT ARIZYIIAUNNEYAITAT
umanenaedeslny 50200

Abstract
Objectives: To study the antibacterial effects

of some hemostatic agents to Enterococcus faeca-
lis and Bacteroides fragilis

Methods: Enterococcus faecalis strain JCM
7783 and Bacteroides fragilis strain ATCC 25285
were used to test the antibacterial properties of
five hemostatic agents: epinephrine, aluminum
chloride, aluminum sulfate, ferric sulfate and

tranexamic acid; by using broth microdilution and

Phumisak Louwakul

D.D.S., M.Sc. (Endodontics), Ph.D. (Dental Biomaterials)
Department of Restorative Dentistry and Periodontology,
Faculty of Dentistry, Chaing Mai University,

Chiang Mai 50200, Thailand.

E-mail: dinon25@gmail.com



9. Wunsns U7 36 aufl 2 n.A.-5.A. 2558

lovieulaluanelsl uaznquaruAuaufie Weswn
Uriesoau

wansAnw: manasevusasiulaslagdu wu
Nanududusgandudouazanisidumelsnoads
WARS waz wuAfisesdd WIIRE veovpsgiiifiuu-
Aaalin acglifloudamn uazodindamn Wiy
58R20.781251.5625 Uz 0.4845 MUMAU MINANDU
AsARWILTY Insordumyinunaduriugudnaoues
Toududo ladudufoqriduuuafiiGenesezqiifioy
Aaalin argiifloudamn uaziwasindamn deowdu
welspenAs AAIAS ua: uwupfiseuid WIfe s
SRWIuLaznIannudandnlifgnimusuaiisy

a3 BRwsunazasandnndialifignsi
wuafiGe diuesglifisunaslsd axgilifluudamnn ua:
wesindamn fgnsmuuuaiiGeazoradumoion
Amunzanlumslfidumsiudonlunssawimg

wulpnous

ArdAn: BRwnsy exgiliflunaelss ergiiien
Faln osIndatln nAsANILEAINN §NERAIY
wuAfise Wwmelsnends AR wupiveadd

WIIRE

UM

TuousnwiAaessinfiy (root canal treatment)
n3fisInn:q (radicular perforation) NI0N1IHIARN
Ua1e3nidu (apicoectomy) dnnuiiiiensan Fountis
Awddelun13viey ununngdduneeyinliusieu
fivhouwisuazazeraiioone sunsouesdinlddaian
wasfisnwwndeniivnzausmvsumsdenusy (repair)
yoaaaAUaeTIn (retrofilling) Wiel#inndanuuun
gAniAfuNTsARoITINTY wazanunInilesiunsindy

= o(1-2
yooadnld

90 CM Dent J Vol. 36 No. 2 July-December 2015

disc diffusion tests. The positive control group
was sodium hypochlorite and the negative control
group was phosphate buffer saline.

Results: The results of broth microdilution
test were reported in minimum inhibitory concen-
tration (MIC) and minimum bactericidal concen-
trations (MBC) of aluminum chloride, aluminum
sulfate and ferric sulfate to both Enterococcus
faecalis and Bacteroides fragilis, which were
0.78125, 1.5625, 0.4845 percent, respectively.
The disc diffusion test confirmed the antibacterial
effects of aluminum chloride, aluminum sulfate
and ferric sulfate by observation of the inhibition
zones. Both epinephrine and tranexamic acid had
no antibacterial activity.

Conclusions: Epinephrine and tranexamic
acid has no antibacterial activity. Aluminum chlo-
ride, aluminum sulfate and ferric sulfate have an-
tibacterial activity and may be beneficial for use as

hemostatic agents in endodontic treatment.

Keywords: epinephrine, aluminum chloride, alu-
minum sulfate, ferric sulfate, tranexamic acid,
antibacterial effect, Enterococcus faecalis, Bac-

teroides fragilis
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Table 1 The MIC and MBC of the hemostatic
agents against Enterococcus faecalis and
Bacteroides fragilis
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static agents against Enterococcus faecalis

and Bacteroides fragilis
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Figure 1
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doifoisumelsaenns Amaa: (A1) lndey
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pzgliipuanslsd AT UTUTOER: 25
(A3) ezgiiileudamn AUTUTUIDEA: 25
(A4) Waisndainn AITNTUTOER: 15.5
(B1) lnaeulslupaslsy anuduiusosa:
0.15625 (B2) ezgiiieunaslsd ARty
Tusoea: 0.78125 (B3) o:giiigudains
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Disc diffusion test of the hemostatic agents
against Enterococcus faecalis: (A1) 5%
sodium hypochlorite (42) 25% alumini-
um chloride (43) 25% aluminium sulfate
(A4) 15.5% ferric sulfate (B1) 0.15625%
sodium hypochlorite (B2) 0.78125%
aluminium chloride (B3) 1.5625% alumi-
nium sulfate (B4) 0.4845% ferric
sulfate (C1-2) 0.1% epinephrine (C3-4)
5% tranexamic acid (C5-6) phosphate
buffer saline
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Figure 2
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Disc diffusion test of the hemostatic agents
against Bacteroides fragilis: (A1) 5%
sodium hypochlorite (A2) 0.15625%
sodium hypochlorite (43) 15.5% ferric
sulfate (A4) 0.4845% ferric sulfate (B1)
25% aluminium chloride (B2) 0.78125%
aluminium chloride (B3) 25% aluminium
sulfate (B4) 1.5625% aluminium sulfate
(C1) 0.1% epinephrine (C2) 5% tranexam-
ic acid (C3-4) phosphate buffer saline



. unsns U7 36 aufl 2 n.A.-5.A. 2558

Fawil Adedolilddsniunzanatonaludoiou
Wisurnavesinasusadugrimuuuaiisosuiioms
FuRonaudazefin wamsnatouAtAANRITuNUILA
dudolunquezgifiounnolsd ezpfiflondan ua:
wosindawln fnnudnfupTomilsvasanudududy
fiu uinduldwundudadaldanuduiumandisnde
1% sisdlenadululdhmmaseuAsdaninduiianuls
(sensitivity) Ashndiwseslulasiagdu ilesaniiidede
10 q softlanaanuds umrnuavnavesiunguds
athalsfimuilosnnmmaseudadaniaduasossd
AnduduaanilsrasanuduiuEuiulinadugy
Aumanasevusesiulaslagiu wamsfnwmasoiied
pnuidefowaznmsnfuduldd exaiidsuaaslsd
pzpfifloudamln wazosiadamn dansiunundise
vorindumalsnonfn Andtuazuuafisasid Wadda

dsUszneuozgiionduisneufognidiu
wuAfiEevess1Usznouesglids I U N
nafo axglifloue:dnalussazaednlag (Burow’s
solution)'"” druezgfidsuanelsdmiuinenuhiqns
fudeldnaeeiin 1wy amllanends (Staphylo-
coccus) AWHiTaaA (Diphtheroids) iAdu@aai (Kleb-
siella) glalumg (Pseudomonas) ua: lulAsnemie-
@8 (Micrococcaccae) loldifluendunau (deodor-
ant) usndudomaaiuesgadnlduund 3 u7”
qusiuuuAfiGenesivezgfifiauaselsduazesgfifion
fan e19fnnlszy 3+ vacergiiiloy Govinld
ssazmefigniidunsa fevmusznn 3.5° wie
AnnnmsnezgianluiAsuuasmdngdm (zeta
potential) Fufinafunismdenilusuulni (electro-
phoretic mobility) wa\j@ga%w“g) wonRETi By
fowansznulaenssuesezafifisusoifevuadae®
azpfiflounnolsfidunauuiitonldlumsiuien
USnasaawmien (gingival sulcus) luousiunnssu
Uszing faaautiildidedewionnadmldlus:du
thunan®’ Guszinsamlumsilivaenifeanni
Faenidfiuniy uwiianulaoadogondt flosan
fowanoszuuties uazldvildiAnmssnsuudaneig

(22)

lunszgn'™ HeRarsanfvnasuifninan Uszasu

CM Dent J Vol. 36 No. 2 July-December 2015

Augnsduuuailse exgiiilsunaolsduazesgiiiey
Famadoduesuuiidumodenniisfionaiivs:Tow
Tumssawmosulaneus

wofindaia galdafonsnmonisunndlu
U 1857 lufomsazaisueuda (Monsel’s solution)
aalamsvhoumaiv A sannzneuveslUsAUR
imaduviedendunnufisevenionsviomes
FnAudaindesu nznsudnaazluangilaveonii
vaeadien MaNEIehUARSATAUEeR viliden
vealnalavudl wasmndoaviigaiionsonagazaunsa
Fonnlahenndiuaneiu lumeiunnssuied i
dealumsvhwaninladl mahudeafivdon sauvons
wisnUmenniu"? mafnsfiuaadliduiognisu
wpfisuresessndamn deenainunananufidun
savseanuiiufivrowasvosss® wedidululds
wwaiGedianusunsalumgaduinesialosou (ferric
ions; Fe*") uaz3mdlidunessalosau (ferrous ions;
Fe") dofiazluvufasendumsoantladiiegnielu
wwas i guiedeenlas (superoxide) lolasianiles
ponlas (hydrogen peroxide) laiiuayyadaszlonson
n (hydroxyl free radicals)” namsfnwiilnenndas
fumsAnwzes Cinar uazAn: finuiunessndamn
munsagnideinumelugesnldnaesin samiodu-
welspenda Amassie® Fehendudslovismsy
AIFARINISYTUANTTULRZANTTAMIN10LE Ul ARBUR
at19lsfimudNeoulInuMIsnIEuYTaINIzANUTLIN
fifudaiua sz liunamdamedt mondsanms
TH0u® dniuiadosidneanliinun Tasmsgauaziig
fednfeUinaanng

TusrudidnuaiesafuiinsAawuszansannis
MURDAUAZHANITNUNITTUUTRY DNUNTY Bzgdillu
Anelsn uasesiadawn lnensAnwUSeufisuns
fuSagesmadiinUaeTAluIznIemMsIIBRunSY
Aunzgiiiananaladiszozina 12 deu lunuany
uansoRueteiitasAmesan” wazdowSeuiou
e IBNUNIUALIWBTInTaA WuE1TAIUIRD A
Wososrinduszinianasinndenfinuaslddona

(6)

Asznuneszuy aenudsdululddinisiRenld



9. Wunsns U7 36 aufl 2 n.A.-5.A. 2558

azgiliflsunnslianiamesindanalunmsnidadaie
iy Juszindamliuanaeandiuniu walites
n Ao lidonansznumoeszuy dandmuuuafield
yaTwlizovesndiauuazgadnnusendiaulula
fmfumsinufendn 2 oia A BNLWWIULRS
nsanTmdnndn donanmsAnuiuanslidinildd
andiuuuafisedy SRwnsudusesTuntianiod
Jurumsuuen3uesin (adrenergic receptor) ilald
ez lusuiumsuueariuen3mesdn 1 (al
adrenergic receptor) vlvilAAN1ITNARITBIIEUIREA
uinandolen Amids wazeteizmelu duuldediouns
e lunumeiunnssy lnedudiunsuuesensiams
i wenunislfidumsinideomanzilunmssnm
ArosTIARULRzMInIAaUmeTIAiy TneoglugUdau
daguaiunsy andhlTaensdlusnaniiiensen
D ey sugaian wes 3 (Racellet #3) Fousznousie
BNunTUUTIIN 0.21-0.34 Tafniunlalan (pellet)
fadAnTesdNUWTUAD D1aReNaRBIZULI T ILYREA
‘e (cardiovascular system) lasiawizludileiil
Tsmialaunzwaomiion (cardiovascular disease) sty
nsliaRuWuRfanududugelugiamaiiduion

26 = 4 v @ I aa a
@8 NNﬂ’]iﬂﬂU’]uLLNm\jﬁlWLWU'J']@WLHWTH

AT3:10ATE T
LifigndsuuuaiiGe definsnuhooluulunduuadi-
Tamiiud (catecholamines) liifignssuuuaiiFe lume
psethunaudIsEIuMTeuRvInvewuASLeYiin
16728 dannsansudnnfindussiumsssaves
I#u3u (antifibrinolytic agent) gnldiiodaisTulviidon
nealnaanziludesthn nalnmsseangniiAnainnis
fudemsnszfuraswaiaidluiau (plasminogen) luilsf
wWaswdunaadn (plasmin) doiduenlusdifvinehi
saelwudy (fibrin) Tu3luan (fibrinogen) 33uvi0
wanslUsiiy (plasma protein) wfinduq Tumonis
wwngiinsldeefiaiiiensiudsaunduaiui
Morindnuaziy drumeiunnssuiinslinsansnsa

PIUAANUTNTUTOBAT 5 198 NIULINU (transamin)

CM Dent J Vol. 36 No. 2 July-December 2015

lunsdinfimsuinduguuss donalviliionsonuin 1y

'
=l

msaouiulumumisiunuwiauiuuinni 1 9 Mk

a’isl R aleyu . 2 A (29-31) v«
Wumn Punslugthenlasueazaiefuiien kG
Y9 InuReATiaiAe luiAnnznau lugdenameszuy
fimudaeadage esa1ninsldoumemaunndan
WuaIy wAnansAnstuagnsliiiui Asansu
wamiinlifignamuuuniise JeseandooiumsAng

32) = v vl a -
( )wawmqﬂlmwmﬂmmuﬁu

189 Ozgelik uRzADLE
uaznsanTdaninlidoasiumsmdauuaiiGefiogio
muluuazmeousnAaee N
muif-{]”aﬁl,ﬂumiwmaauﬁugwmﬁ'aﬁmﬂiaamiﬁm
denfiignisuwuaiisedessu Snvioanwazmsldo
wevssnuieadugUuuududanss (direct contact)
Auaadn maidenldmmaseuuseslulaslagdudu
AadanTiuiafsoneiazussninguszaodvaseide
il aeholsAimumsinidemeluaaosnnilueadisuuuy
fidudion wWu masnuvesdeigiaifiony nsase
WHUTIA W (biofilm) 1Tusuy ﬁ\jﬁy’umimﬂaqu%’ﬁm
wInwasmmanuiianoranssildfmenmmagoudu
1y wuusiaeouieniiiony (dentin block model) wuu
d1800uNuTINN (biofilm model) tusiu %uagiﬁu
TaUszaeAunsmAnm uenanliideanadsusiia
vaoideilinarouvieanaiionnaseuiumsndouuy
el (mixed infection) v3aunuTINW vIaAAE UL
undu g Wy Anuidufivdowad AnudiAuldnig
Taam Tawoenafimsfnwludninaasoudeluuyud

oM

dagduanmsnaaey

meldfedrinvessided enanguléd SRy
Aunsanaudnniinlufignsmuuuaiite duezgidloy
anolsd exgiflondamn uaziweindamnignsiu
wuafize deoraduus:Tenilumahlulf lumansisu-

TnAouR



. unsns U7 36 aufl 2 n.A.-5.A. 2558

19Nd15919949

1.

Kim S, Kratchman S. Modern endodontic surgery
concepts and practice: a review. J Endod 2006;
32: 601-623.

Jang Y, Kim H, Roh BD, Kim E. Biologic
response of local hemostatic agents used in end-
odontic microsurgery. Restor Dent Endod 2014;
39: 79-88.

Schonauer C, Tessitore E, Barbagallo G, Alba-
nese V, Moraci A. The use of local agents: bone
wax, gelatin, collagen, oxidized cellulose. Eur
Spine J 2004; 13 Suppl 1: S89-96.

Ibarrola JL, Bjorenson JE, Austin BP, Gerstein
H. Osseous reactions to three hemostatic agents.
J Endod 1985; 11: 75-83.

Penarrocha-Diago M, Maestre-Ferrin L, Penarro-
cha-Oltra D, von Arx T. Influence of hemostatic
agents upon the outcome of periapical surgery:
dressings with anesthetic and vasoconstrictor or
aluminum chloride. Med Oral Patol Oral Cir
Bucal 2013; 18: ¢272-278.

Vickers FJ, Baumgartner JC, Marshall G. He-
mostatic efficacy and cardiovascular effects of
agents used during endodontic surgery. J Endod
2002; 28: 322-323.

Gupta G, Kumar S, Rao H, Garg P, Kumar R,
Sharma A, Sachdeva H. Astringent in dentistry: a
review. Asian J Pharm Hea Sci 2012; 2: 428-32.
Siqueira Jr. JR, Rogas IN. Present status and
future directions in endodontic microbiology.
Endod Topics 2014; 30: 3-22.

Stuart CH, Schwartz SA, Beeson TJ, Owatz CB.
Enterococcus faecalis: its role in root canal treat-
ment failure and current concepts in retreatment.
J Endod 2006; 32: 93-98.

10

I1.

12.

13.

14.

15.

16.

17.

18.

CM Dent J Vol. 36 No. 2 July-December 2015

Pallotta RC, Ribeiro MS, de Lima Machado ME.
Determination of the minimum inhibitory con-
centration of four medicaments used as intracanal
medication. Aust Endod J 2007; 33: 107-111.
Dahlén G. Microbiology and treatment of dental
abscesses and periodontal-endodontic lesions.
Periodontol 2000 2002; 28: 206-239.
Benachinmardi KK, Nagmoti J, Kothiwale S,
Metgud SC. Prevalence of extended spectrum
beta-lactamase producing anaerobic bacteria in
chronic periodontitis. J Indian Soc Periodontol
2014; 18: 567-569.

Mayrhofer S, Domig KJ, Mair C, Zitz U, Huys
G, Kneifel W. Comparison of broth microdilu-
tion, Etest, and agar disk diffusion methods for
antimicrobial susceptibility testing of Lactoba-
cillus acidophilus group members. Appl Environ
Microbiol 2008; 74: 3745-3748.

Hecht DW. Antimicrobial susceptibility testing of
anaerobic bacteria. In: Victor L, ed: Antibiotics
in Laboratory Medicine, 5th ed, Philadelphia:
Lippincott Williams & Wilkins; 2005: 149.
Dickert H, Machka K, Braveny 1. The uses and
limitations of disc diffusion in the antibiotic
sensitivity testing of bacteria. Infection 1981; 9:
18-24.

Sutter VL, Kwok Y, Finegold SM. Susceptibility
of Bacteroides fragilis to six antibiotics deter-
mined by standardized antimicrobial disc sus-
ceptibility testing. Antimicrob Agents Chemother
1973; 3: 188-193.

Holzle E, Neubert U. Antimicrobial effects of an
antiperspirant formulation containing aqueous
aluminum chloride hexahydrate. Arch Dermatol
Res 1982; 272: 321-329.

Khan MU, Khan MR, Hossain B, Ahmed QS.
Alum potash in water to prevent cholera. Lancet
1984; 2: 1032.



YU,

19.

20.

21.

22.

23.

24.

25.

26.

VuRgns 19 36 AU 2 A.A.-5.A. 2558

Olsson J, Glantz PO. Effect of pH and counter
ions on the zeta-potential of oral streptococci.
Arch Oral Biol 1977; 22: 461-466.

Avis TJ, Michaud M, Tweddell RJ. Role of lipid
composition and lipid peroxidation in the sen-
sitivity of fungal plant pathogens to aluminum
chloride and sodium metabisulfite. Appl Environ
Microbiol 2007, 73: 2820-2824.

Kostic I, Najman S, Kostic M, Stojanovic S.
Comparative review of gingival retraction agents.
Acta Medica Medianae 2012; 51: 81-84.

von Arx T, Jensen SS, Hanni S, Schenk RK.
Hemostatic agents used in periradicular surgery:
an experimental study of their efficacy and tissue
reactions. Int Endod J 2006; 39: 800-808.
Cinar C, Odabas ME, Akca G, Isik B. Antibac-
terial effect of a new haemostatic agent on oral
microorganisms. J Clin Exp Dent 2012; 4: e151-
155.

Sun HQ, Lu XM, Gao PJ. The exploration of
the antibacterial mechanism of Fe(3+) against
bacteria. Braz J Microbiol 2011; 42: 410-414.
Lemon RR, Steele PJ, Jeansonne BG. Ferric
sulfate hemostasis: effect on osseous wound
healing. Left in situ for maximum exposure.
J Endod 1993; 19: 170-173.

Jang Y, Kim E. Cardiovascular effect of epineph-
rine in endodontic microsurgery: a review. Restor

Dent Endod 2013; 38: 187-193.

27.

28.

29.

30.

31.

32.

CM Dent J Vol. 36 No. 2 July-December 2015

Kinney KS, Austin CE, Morton DS, Sonnenfeld
G. Norepinephrine as a growth stimulating factor
in bacteria--mechanistic studies. Life Sci 2000;
67:3075-3085.

Belay T, Sonnenfeld G. Differential effects of
catecholamines on in vitro growth of pathogenic
bacteria. Life Sci 2002; 71: 447-456.

Carter G, Goss A, Lloyd J, Tocchetti R. Tranexam-
ic acid mouthwash versus autologous fibrin glue
in patients taking warfarin undergoing dental
extractions: a randomized prospective clinical
study. J Oral Maxillofac Surg 2003; 61: 1432-
1435.

Borea G, Montebugnoli L, Capuzzi P, Magelli C.
Tranexamic acid as a mouthwash in anticoagu-
lant-treated patients undergoing oral surgery. An
alternative method to discontinuing anticoagu-
lant therapy. Oral Surg Oral Med Oral Pathol
1993; 75: 29-31.

Sindet-Pedersen S, Ramstrom G, Bernvil S,
Blombédck M. Hemostatic effect of tranexamic
acid mouthwash in anticoagulant-treated patients
undergoing oral surgery. N Engl J Med 1989; 320:
840-843.

Ozgelik AB, Ersan S, Ural AU, Ozkan S, Ertan
M. Synthesis of 3-substituted-5-(4-carb oxy-
cyclohexylmethyl) - tetrahydro-2H-1,3,5-thia-
diazine-2-thione derivatives as antifibrinolytic
and antimicrobial agents. Arzneimittelforschung

2007; 57: 554-559.



