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Mechanism of Action of Sodium Hypochlorite
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The choice of an irrigating solution for use in infected root canals requires previous knowledge of the microorganisms responsible for
the infectious process as well as the properties of different irrigating solutions. Complex internal anatomy, host defenses and
microorganism virulence are important factors in the treatment of teeth with asymptomatic apical periodontitis. Irrigating solutions
must have expressive antimicrobial action and tissue dissolution capacity. Sodium hypochlorite is the most used irrigating solution in
endodontics, because its mechanism of action causes biosynthetic alterations in cellular metabolism and phospholipid destruction,
formation of chloramines that interfere in cellular metabolism, oxidative action with irreversible enzymatic inactivation in bacteria, and
lipid and fatty acid degradation. The aim of this work is to discuss the mechanism of action of sodium hypochlorite based on its

antimicrobial and physico-chemical properties.
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INTRODUCTION

The agents responsible for microbial control in
endodontic infections have been studied in different
health areas. There is significant research about bio-
logic reactions to microbial virulence factors (repre-
senting pathogenic degree) and immunologic factors
(host defense responses). The selection of effective
microbial control of infected root canals requires de-
tailed knowledge of the microorganisms responsible
for pulp and periapical pathology associated with knowl-
edge of the mechanism of action of the antimicrobial
solution.

Microorganisms that compose endodontic
microbiota were isolated and identified after the devel-
opment of modern collection and transport techniques
for its culture (1,2). It was then confirmed that infec-
tions of root canals are mixed, with predominantly
Gram-negative anaerobic bacteria. Antimicrobial agents
must suppress or destroy microbial growth; thus sus-
ceptibility of the microorganisms, penetration of anti-

microbial agent to the infected site, adequate concen-
tration of the agent, low toxicity to the host cells, lack of
microorganism development of resistance to the agent
are necessary.

The process of reducing or eliminating the
microbiota of infected root canals with apical periodon-
titis has been studied (3-6), reporting the importance of
complex inner anatomy, the dynamic relation of the
microorganism and factors related to host response.
This process is begun during root canal preparation
with chemical agents and the use of an intracanal
dressing that aids in success of this process (3,5).

Different auxiliary chemical agents for root ca-
nal preparation have been proposed and the most com-
monly used in endodontics is sodium hypochlorite (7-
12). An effective irrigating solution in root canal prepa-
ration is essential for the sanitization process because it
favors cleaning and shaping and neutralizes necrotic
content which favors root canal enlargement for subse-
quent filling.

Thus, considering the necessity of sodium hy-
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pochlorite as an auxiliary irrigating solution during
infected root canal preparation, it is essential to under-
stand the mechanism of action of this substance.

SODIUM HYPOCHLORITE PROPERTIES

The worldwide use of sodium hypochlorite as a
root canal irrigating solution is due mainly to its effi-
cacy for pulpal dissolution and antimicrobial activity.
A less concentrated solution, such as 1% sodium hy-
pochlorite, presents acceptable biological compatibil-
ity.

Pécora et al. (7) reported that sodium hypochlo-
rite exhibits a dynamic balance as is shown by the
reaction:

NaOCl +H,0 ~ NaOH+HOCI ~ Na*+OH-+H*+OCl-

The chemical reactions verified between organic
tissue (7,10-12) and sodium hypochlorite are shown in

Scheme 1. Saponification reaction.
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Scheme 2. Amino acid neutralization reaction.
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Scheme 3. Chloramination reaction.
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schemes 1-3.

Interpreting these chemical reactions, it can be
observed that sodium hypochlorite acts as an organic
and fat solvent degrading fatty acids, transforming
them into fatty acid salts (soap) and glycerol (alcohol),
that reduces the surface tension of the remaining solu-
tion (scheme 1 - saponification reaction).

Sodium hypochlorite neutralizes amino acids
forming water and salt (scheme 2 - neutralization reac-
tion). With the exit of hydroxyl ions, there is a reduction
of pH. Hypochlorous acid, a substance present in so-
dium hypochlorite solution, when in contact with or-
ganic tissue acts as a solvent, releases chlorine that,
combined with the protein amino group, forms chloram-
ines (scheme 3 - chloramination reaction). Hypochlor-
ous acid (HOCI") and hypochlorite ions (OCI) lead to
amino acid degradation and hydrolysis.

The chloramination reaction between chlorine
and the amino group (NH) forms chloramines that
interfere in cell metabolism. Chlorine (strong oxidant)
presents antimicrobial action inhibiting bacterial en-
zymes leading to an irreversible oxidation of SH groups
(sulphydryl group) of essential bacterial enzymes.

Considering the physico-chemical properties of
sodium hypochlorite when in contact with organic tis-
sue, these reactions can be verified. Sodium hypochlo-
rite is a strong base (pH>11). At 1% concentration,
sodium hypochlorite presents a surface tension equal to
75 dynes/cm, stickiness equal to 0.986 cP, 65.5 mS of
conductivity, 1.04 g/cm?® of density and moistening
capacity equal to 1 h and 27 min. Its antimicrobial
mechanism of action can be observed verifying its
physico-chemical characteristics and its reaction with
organic tissue.

Considering knowledge of pH processes and
isolated activities in essential enzymatic sites, such as
those in the membrane, it is enlightening to associate
sodium hypochlorite (high pH, over 11), to harmful
biological effects on bacterial cells in order to explain
one part of its mechanism of action.

Estrela et al. (13) studied the biological effect of
pH on the enzymatic activity of anaerobic bacteria.
Because enzymatic sites are located in the cytoplasmic
membrane, which is responsible for essential functions
such as metabolism, cellular division and growth, and
take part in the last stages of cellular wall formation,
biosynthesis of lipids, transport of electrons and oxida-
tive phosphorylation, the authors believe that hydroxyl
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ions from calcium hydroxide develop their mechanism
of action in the cytoplasmic membrane. Extracellular
enzymes act on nutrients, carbohydrates, proteins, and
lipids that, through hydrolysis, favor digestion. Intra-
cellular enzymes located in the cell favor respiratory
activity of the cellular wall structure. The pH gradient
of the cytoplasmic membrane is altered by the high
concentration of hydroxyl ions of calcium hydroxide
acting on the proteins of the membrane (proteic dena-
turation). The high pH (12.5), influenced by the release
of hydroxyl ions, alters the integrity of the cytoplasmic
membrane by means of chemical injuries to organic
components and transport of nutrient, or by means of
the degradation of phospholipids or unsaturated fatty
acids of the cytoplasmic membrane, observed in the
peroxidation process, which is a saponification reac-
tion (14).

The antimicrobial effectiveness of sodium hy-
pochlorite, based in its high pH (hydroxyl ions action),
is similar to the mechanism of action of calcium hy-
droxide. The high pH of sodium hypochlorite interferes
in the cytoplasmic membrane integrity with an irrevers-
ible enzymatic inhibition, biosynthetic alterations in
cellular metabolism and phospholipid degradation ob-
served in lipidic peroxidation.

The amino acid chloramination reaction (reac-
tion 3) forming chloramines interferes with cellular
metabolism. Oxidation promotes irreversible bacterial
enzymatic inhibition replacing hydrogen with chlorine.
This enzyme inactivation can be observed in the reac-
tion of chlorine with amino groups (NH,) and an
irreversible oxidation of sulphydryl groups (SH) of
bacterial enzymes (cystein).

Thus, sodium hypochlorite presents antimicro-
bial activity with action on bacterial essential enzy-
matic sites promoting irreversible inactivation origi-
nated by hydroxyl ions and chloramination action. Dis-
solution of organic tissue can be verified in the saponi-
fication reaction when sodium hypochlorite degrades
fatty acids and lipids resulting in soap and glycerol.

Some physico-chemical characteristics must be
mentioned. Grossman and Meiman (15), observing
pulp tissue dissolution capacity, reported that 5% so-
dium hypochlorite dissolves this tissue in 20 minto 2 h.
The dissolution of bovine pulp tissue by sodium hy-
pochlorite (0.5, 1.0, 2.5, 5.0%) was studied in vitro
under different conditions (10-12). It was concluded
that: 1) the velocity of dissolution of the bovine pulp

fragments was directly proportional to the concentra-
tion of the sodium hypochlorite solution and was greater
without the surfactant (10); 2) the variation of surface
tension, from beginning to end of pulp dissolution, was
directly proportional to the concentration of the sodium
hypochlorite solution and was greater in the solutions
without surfactant. Solutions without surfactant pre-
sented a decrease in surface tension and those with
surfactant an increase (10); 3) with the elevation of
temperature of the sodium hypochlorite solutions, dis-
solution of the bovine pulp tissue was more rapid (11);
4) the percent variation of the sodium hypochlorite
solutions, after dissolution, was inversely proportional
to the initial concentration of the solution, or in other
words, the greater the initial concentration of the so-
dium hypochlorite solutions, the smaller was the reduc-
tion of its pH (12).

DISCUSSION

The greatest concern in the selection of any
irrigant solution or medication is the knowledge of its
mechanism of action on the predominant bacterial mi-
croflora. Knowledge about morphology, structure and
physiology of microorganisms that are responsible for
pain and destruction of periapical tissues led to several
therapeutic trends. The first step of endodontic treat-
ment is the knowledge of the interrelation between
microorganisms and host, together with the chemical
and biological dynamics of antimicrobial medications.

Root canal preparation and the use of irrigating
solutions such as sodium hypochlorite is responsible
for eliminating the majority of microorganisms in an
infected root canal system (4,5). However, the use of
intracanal dressings is essential to eliminate surviving
microorganisms (3,5). Calcium hydroxide has been the
most used and studied intracanal dressing (5,6).

Sodium hypochlorite is recommended and used
by the majority of dentists because this solution pre-
sents several important properties: antimicrobial effect
(3,4,16), tissue dissolution capacity (1-12,15) and ac-
ceptable biologic compatibility in less concentrated
solutions (17,18). In relation to antimicrobial effect,
studies have shown that sodium hypochlorite decreases
microorganism number during the treatment of teeth
with apical periodontitis (3,4).

Estrela (16) studied the efficacy of root canal
irrigating solutions (1, 2 and 5% sodium hypochlorite,
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2% chlorhexidine digluconate, 1% calcium hydroxide,
and HCT20, a solution of calcium hydroxide associated
withadetergent) on S. aureus, E. faecalis, P. aeruginosa,
B. subtilis, C. albicans and a mixture of these microor-
ganisms. The purpose was to determine the minimum
inhibitory concentration of the tested solutions with a
serial dilution in the proportion of 1:10, and antimicro-
bial activity with direct exposure at 5, 10, 15, 20 and 30
min. It was concluded that the minimum concentration
of 1% sodium hypochlorite required for inhibiting S.
aureus, E. faecalis, P. aeruginosa and C. albicans was
0.1%, and 1% for B. subtilis and for the mixture. All
microorganisms were inactivated by this solution at all
experimental periods (5, 10, 15, 20 and 30 min). The
minimum concentration of 2% sodium hypochlorite
required for inhibiting S. aureus, E. faecalis, P.
aeruginosa and C. albicans was 0.2%, and 2% for B.
subtilis and for the mixture. All microorganisms were
inactivated by this solution at all experimental periods.
The minimum concentration of 5% sodium hypochlo-
rite required for inhibiting all microorganisms was
0.5%, at all time periods. Chlorhexidine digluconate
(2%) showed minimum inhibitory concentration of
0.000002% for S. aureus, 0.002% for P. aeruginosa,
0.02% for E. faecalis, B. subtilis, C. albicans and the
mixture. Antimicrobial effectiveness in the direct expo-
sure test was observed at all experimental periods for S.
aureus, E. faecalis and C. albicans, but it was ineffec-
tive for P. aeruginosa, B. subtilis and for the mixture at
all periods. Calcium hydroxide solution (1%) showed
minimum inhibitory concentration equal to 1% for P.
aeruginosa but was not effective against the other
microorganisms. The antimicrobial activity by direct
exposure test was evident against S. aureus, E. faecalis
and P. aeruginosa after 30 min, although it was not
effective against B. subtilis, C. albicans and the mixture
at all periods analyzed in this study. The solution of
calcium hydroxide associated with a detergent (HCT20)
showed minimum concentration ineffective against E.
faecalis, and total concentration (100%) over the other
microorganisms. In the direct exposure test, the effec-
tiveness was observed after 20 min for S. aureus and 30
min for E. faecalis. This solution was not effective
against P. aeruginosa, B. subtilis, C. albicans and the
mixture.

Sodium hypochlorite presents high surface ten-
sion (75 dynes/cm) and minimum inhibitory concentra-
tion lower than 1% for resistant microorganisms (S.
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aureus, E. faecalis, P. aeruginosa, B. subtilis and C.
albicans). The concentration rise is directly propor-
tional to the antimicrobial effect and tissue dissolution
capacity and inversely proportional to biologic compat-
ibility. Thus, considering the high surface tension and
that antimicrobial action can be achieved with the less
concentrated solution, the better option is 1% sodium
hypochlorite.

Physico-chemical characteristics of sodium hy-
pochlorite are important for the explanation of its mech-
anism of action. The saponification, amino acid neu-
tralization and chloramination reactions that occur in
the presence of microorganisms and organic tissue lead
to the antimicrobial and tissue dissolution process. The
antimicrobial activity is related to bacterial essential
enzymatic sites promoting irreversible inactivation by
hydroxyl ions and the chloramination reaction. The
organic dissolution action can be observed in the sa-
ponification reaction when sodium hypochlorite de-
grades lipids and fatty acids resulting in the formation
soap and glycerol.

Sodium hypochlorite in higher concentrations is
more aggressive while in lower concentrations (0.5% to
1%), it is biocompatible (17). For a substance to be
biocompatible, it must present no or only a discreet
tissue reaction at all periods and moderate or intense
tissue reaction at 7 days which decreases in intensity
with time until reaching a non-significant tissue reac-
tion (18).

Additional studies must be carried out with other
irrigating solutions in order to understand these and
other properties.

RESUMO

Estrela C, Estrela CRA, Barbin EL, Span6 JCE, Marchesan MA,
Pécora JD. Mecanismo de acdo do hipoclorito de sédio. Braz
Dent J 2002;13(2):113-117.

A sele¢do da solucéo irrigadora para uso em canais radiculares
infectados impde prévio conhecimento dos microrganismos
responsaveis pela instalacéo do processo infeccioso, bem como
as diferentes propriedades da substancia irrigadora. Entre os
obstaculos a serem vencidos no tratamento de dentes com
periodontites apicais assintomaticas esta a complexa anatomia
interna, a viruléncia microbiana e as defesas do hospedeiro. Para
a efetiva acdo, em detrimento das condigBes encontradas no
canal radicular, é essencial a solugdo irrigadora apresentar
expressiva atividade antimicrobiana e adequada capacidade de
dissolucéo tecidual. O hipoclorito de sddio tem sido eleito como
solucédo irrigadora para uso endoddntico pela maioria dos
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profissionais. Este fato se deve ao mecanismo de acdo desta
solucdo irrigadora, capaz de promover alteracfes celulares
biossintéticas, alteragdes no metabolismo celular e na destruicao
de fosfolipidios, pela formacéao de cloraminas que interferem no
metabolismo celular, pela acéo oxidante, com inibi¢do enzimética
irreversivel nas bactérias, e pela degradagdo de acidos graxos e
lipideos. O objetivo deste estudo é discutir o mecanismo de a¢éo
do hipoclorito de sodio a partir de suas propriedades fisico-
quimicas e antimicrobianas.

Unitermos: hipoclorito de sédio, solucdes irrigantes, medicacéo
intracanal.
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