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The determination of bacterial susceptibility to intracanal medicaments is a necessity. Nevertheless, few studies utilize
the proper methodology to carry out that evaluation with anaerobes. In this study, the steps of a broth dilution
method, carried out in microplates (microdilution) and tubes (macrodilution), to test the effect of traditional intracanal
medicaments on anaerobic bacteria are described. The results are presented as values of minimal inhibitory and bac-
tericidal concentrations (MIC and MBC). Standardized inocula of the anaerobic bacteria Prevotella nigrescens (ATCC
33563), Fusobacterium nucleatum (ATCC 25586) and Clostridium perfringens (ATCC 13124), in reinforced Clostridium

medium (RCM) and supplemented Brucella broth, were submitted to different concentrations of calcium hydroxide,
chlorhexidine digluconate, camphorated paramonochlorophenol and formocresol solutions. The drugs were diluted in
the same culture broths, in microplates and tubes, and were then incubated in anaerobiosis jars at 37ºC for 48 or 96
hours. The determination of MICs was carried out through visual and spectrophotometric readings, and the determi-
nation of MBCs, through the plating of aliquots on RCM-blood agar. For that kind of study, the macromethod with
spectrophotometric reading should be the natural choice. MICs and MBCs obtained with the macromethod were com-
patible with the known clinical performance of the studied medications, and the values varied according to the bacte-
ria and culture media employed. RCM was the most effective medium and C. perfringens, the most resistant microor-
ganism.
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INTRODUCTION

Irrigation and mechanical cleaning of the root
canal are of the utmost importance in reducing the
amount of bacteria during the endodontic treat-
ment. However, without the utilization of intraca-
nal medication, half of the endodontically treated
root canals would still present with bacteria in the
second session2. Intracanal dressing, thus, helps
eliminating bacteria that are not affected by the
chemical-mechanical preparation and prevents, or
at least delays, the reinfection of canals between
sessions17. Therefore, any medication chosen for
intracanal application must be evaluated as to its
antimicrobial activity by means of in vitro suscepti-
bility tests. Usually, the evaluation is carried out

on facultative and aerobic bacteria, and the agar
diffusion technique is employed. However, the in-
fection of root canals is polybacterial, with the pre-
valence of anaerobic bacteria20, whose susceptibi-
lity is ideally determined by means of dilution tests
in agar or broth7.

In the endodontic literature, evaluations of the
susceptibility of anaerobes to antimicrobial agents
are relatively scarce; besides, studies carried out
with dilution quantitative techniques practically
do not exist. Hence, the aim of this study was to
standardize a broth dilution test, utilizing traditio-
nal intracanal medicaments and reference anae-
robic strains, in order to guarantee the reprodu-
cibility of the results and correlate the in vitro
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results with the clinical performance of these
substances.

MATERIAL AND METHODS
Microorganisms and drugs

Reference strains of Prevotella nigrescens

(ATCC 33563) and Fusobacterium nucleatum

(ATCC 25586), representative of the most fre-
quently isolated anaerobes in endodontic infec-
tions, as well as of Clostridium perfringens (ATCC
13124), commonly employed in tests with antibio-
tics, were utilized. Bacteria were maintained at
–20ºC in cryotubes containing skim milk (0.5 ml of
active growth added to 0.5 ml of a sterile 20% solu-
tion of powdered skim milk). Solutions of 10%
calcium hydroxide (Biodinâmica, Brazil); 2% chlor-
hexidine digluconate (FGM, Brazil); 35% campho-
rated paramonochlorophenol (PMCC) (Inodon,
Brazil) and Formocresol (Probem, Brazil) were eva-
luated.

Microdilution test21

In order to select the dilutions that would be
utilized in the broth macrodilution test, microdilu-
tion tests were carried out in microplates. Initially,
two screw-capped tubes, measuring 16 x 160 mm
and containing 10 ml of the reinforced clostridial
medium (RCM, Oxoid, USA) or Brucella broth
(Difco, USA) supplemented with 5 µg/ml of hemin
(Sigma, USA) and 10 µg/ml of vitamin K1 (Merck,
Germany) were inoculated with 0.1 ml of the skim
milk stock and incubated in anaerobiosis (jar and
envelopes Gaspak-BBL, USA), at 37ºC, for 24
hours. As soon as growth was observed, two addi-
tional subcultures were made, in the same way,
with incubation in anaerobiosis at 37ºC, for 24
hours, in order to obtain bacteria in an exponential
phase of growth. After the last incubation, the tur-
bidity of the tubes was read in an Ultrospec 1000
spectrophotometer (Pharmacia, USA), at 540 nm19.
Having the 0.5 McFarland standard as a reference,
the dilution of the cultures in RCM and Brucella
broths was carried out up to the concentration of
5 x 105 colony forming units/ml (CFU/ml)23. This
standardized inoculum was always used within 30
minutes after the adjustment25.

The microdilution test was carried out in a ste-
rile flat-bottomed microplate, with 96 wells (Cor-
ning, USA). Initially, each well received 100 µl of
RCM or supplemented Brucella broth. Next, 100 µl
of the drug were added to the first well, and serial
two-fold dilutions were made. Then, each well re-

ceived 100 µl of the standardized inoculum. The
tests were carried out in duplicate. Six controls
were utilized for all tests. Incubation with PMCC
and formocresol was carried out separately, due to
the activity of the vapors of those medicaments.
Microplates were incubated in anaerobiosis, at
37ºC for 48 hours.

In the face of the impossibility of visual reading
of growth in the wells, and considering the impos-
sibility of determining values of minimal inhibitory
concentration (MIC), the determination of mini-
mal bactericidal concentration (MBC) was carried
out13. For that, 25 µl from each well were dispensed
on Petri plates containing RCM agar with 5% sheep
blood (RCM-blood), each plate holding 25 drops.
These plates were incubated in anaerobiosis, at
37ºC for 48 hours.

Macrodilution test21

The sequence was the same previously des-
cribed, but it was carried out in tubes measuring
13 x 100 mm with screw caps, which initially re-
ceived 2.5 ml of RCM or supplemented Brucella
broth. After obtaining the desired concentrations
of the medicaments, according to serial two-fold
dilutions, all tubes received 2.5 ml of the standar-
dized inoculum. Positive and negative controls
were included. Before and after incubation at 37ºC
in anaerobiosis, for 48 hours for RCM broth and
for 96 hours for Brucella broth, the reading of the
optical density (OD) of all tubes was carried out in
the spectrophotometer and, whenever possible,
also by means of visual reading. Once MIC had
been established, MBC was determined by means
of spreading, with a Drigalsky loop, 25 µl of the
material from each tube without growth on Petri
plates measuring 52 x 12 mm, which contained
5 ml of RCM-blood agar. The samples were incu-
bated in anaerobiosis, at 37ºC for 48 hours.

RESULTS

The values of MBC obtained with the microdilu-
tion tests are shown in Tables 1 and 2, for RCM
and Brucella broth, respectively. MICs and MBCs
obtained through the macrodilution test in RCM
broth are described in Table 3, and those obtained
in Brucella broth, in Table 4.

DISCUSSION

The method recommended by the National
Committee for Clinical Laboratory Standards
(NCCLS, USA) to test the susceptibility of anaero-
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bes is the agar dilution method, with the alternati-
ve of macrodilution test in broth when there are
few isolated bacteria and agents to be tested7. The
agar diffusion method is counterindicated8. Since
both methods are expensive and very time-consu-
ming, the microdilution test has been developed.

With antibiotics, the results obtained by means
of this method are pretty similar to those obtained
with the agar dilution method12. In general, the uti-
lized dilution is smaller than that employed in ma-
crodilution in broth3, which makes the reading ea-
sier, since the transparency of drugs does not
complicate the naked-eye visualization of the
changes that take place in the wells. However, the
solutions utilized in this study significantly chan-
ge the employed media, which makes impossible to
visually determine MICs. For that reason, MBCs
were determined (Tables 1 and 2), even though mi-

crodilution is not adequate for that procedure sin-
ce with the small amount of inoculum utilized the-
re is the risk of not detecting the elimination of
99.9% of the viable CFU in the broth (MBC)4,13.

The discrepancy between MBCs obtained
through the micromethod and by means of the ma-
cromethod (Tables 1 to 4) – the values obtained
with the micromethod were much lower or higher
than those obtained through the macromethod –
confirms that the first method is inadequate to this
determination. Nevertheless, this fact does not
restrain the future utilization of the micromethod
to determine the MIC of medications utilized in en-
dodontics, with readings of growth carried out with
the photometer employed in the technique of en-
zyme immunoassay (ELISA). SHAPIRO et al.14

(1994), who utilized the microdilution test for
thymol, did not observe any difference between the
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TABLE 1 - Minimal bactericidal concentrations (µg/ml)
of substances employed against anaerobic bacteria – mi-
crodilution test in RCM broth.

Bacteria Ca(OH)2

Chlorhe-
xidine

PMCC* Formocresol

F. nucleatum 1,562.50 0.30 0.0025 92.75

P. nigrescens 3,125.00 0.0044 0.33 740.00

C. perfringens > 50,000 156.25 340.00 92.75

* 35% camphorated paramonochlorophenol.

TABLE 2 - Minimal bactericidal concentrations (µg/ml)
of substances employed against anaerobic bacteria – mi-
crodilution test in Brucella broth.

Bacteria Ca(OH)2

Chlorhe-
xidine

PMCC* Formocresol

F. nucleatum 6,250.00 0.00014 10.62 185.00

P. nigrescens 3,125.00 0.00050 0.33 0.36

C. perfringens > 50,000 39.06 170.00 742.00

* 35% camphorated paramonochlorophenol.

TABLE 3 - Minimal inhibitory (MIC) and bactericidal concentrations (MBC) (µg/ml) of substances employed against
anaerobic bacteria – macrodilution test in RCM broth.

Bacteria
Ca(OH)2 Chlorhexidine PMCC* Formocresol

MIC MBC MIC MBC MIC MBC MIC MBC

F. nucleatum 781.25 1,562.50 0.30 1.22 340.00 680.00 371.00 1,480.00

P. nigrescens 781.25 1,562.50 0.30 1.22 85.00 340.00 742.00 1,480.00

C. perfringens 6,250.00 6,250.00 2.44 2.44 680.00 680.00 742.00 1,480.00

* 35% camphorated paramonochlorophenol.

TABLE 4 - Minimal inhibitory (MIC) and bactericidal concentrations (MBC) (µg/ml) of substances employed against
anaerobic bacteria – macrodilution test in Brucella broth.

Bacteria
Ca(OH)2 Chlorhexidine PMCC* Formocresol

MIC MBC MIC MBC MIC MBC MIC MBC

F. nucleatum 781.25 781.25 0.15 0.15 340.00 340.00 371.00 742.00

P. nigrescens 781.25 781.25 0.15 0.15 85.00 170.00 742.00 1,480.00

C. perfringens 1,562.50 1,562.50 2.44 2.44 680.00 680.00 742.00 742.00

* 35% camphorated paramonochlorophenol.



MICs obtain by means of the micro and macromet-
hods for the anaerobic bacterium Porphyromonas

gingivalis.

The results displayed in Tables 3 and 4 indicate
chlorhexidine as the drug that was efficient in the
lowest concentrations, followed by PMCC, formo-
cresol and calcium hydroxide, for all bacteria,
which confirms that the first drug shows good re-
sults in eliminating anaerobes9,11,24,26.

Despite the need for higher concentrations of
calcium hydroxide for the obtainment of an anti-
microbial effect, the results do contest the absence
or low intensity of the activity of that drug, which
has been shown by means of different in vitro

methods1,15. However, the present results are in
agreement with those reported by SUZUKI et al.22

(1999), who found MICs ranging from 1,560 to
25,000 µg/ml, for twelve distinct anaerobes, de-
monstrating that the minimal inhibitory concen-
trations depend on the studied bacterium.

The good performance of PMCC against anaero-
bic bacteria, which has been previously observed
by other authors, was confirmed5,16. The liquid
form, which presents a higher antimicrobial effect
than the clinically utilized vapor form6, was emplo-
yed. Therefore, the minimal bactericidal and inhi-
bitory concentrations of the vapor form must be
higher than the those presented here. According to
SPANGBERG18 (1994), when utilizing the vapor
form, the concentration of the medicament should
be 100 to 1,000 times higher than that employed
when utilizing the liquid form.

OHARA et al.11 (1993) tested the in vitro effect of
vapors of volatile drugs and found out that formo-
cresol was more efficient than PMCC. In their
study, except for P. nigrescens, MICs for PMCC and
formocresol were similar; MBCs were similar or lo-
wer (with the variation of one dilution) for PMCC,
depending on the utilized medium.

Comparisons between the three most com-
monly utilized substances can be found in the lite-
rature, with divergences as to the antimicrobial ac-
tivity against species of anaerobic bacteria, mainly
due to differences in the employed methodologies
and in the interpretation of data. Nevertheless, in a
clinical evaluation, BARBOSA et al.1 (1997) did not
observe any significant difference between the per-
centages of cases rendered negative for bacteria af-
ter receiving intracanal dressings of PMCC, calci-
um hydroxide and chlorhexidine (69%, 73% and
78%, respectively). This fact is especially impor-
tant because it refers the clinician to other criteria,

besides antibacterial efficacy, for choosing an in-
tracanal agent, such as toxicity, inflammatory
potential, diffusibility, ability to neutralize endoto-
xins and stimulate tissual repair in the periapical
area.

It is worth to mention that the bacterium Clos-

tridium perfringens, which is not a member of the
oral cavity normal flora and is commonly used as a
test control, was the microorganism with the most
resistant profile to all drugs.

In relation to the utilized culture media, emplo-
ying a standardized inoculum, the growth of the
positive control (without any drug) of all bacteria in
supplemented Brucella broth after incubation for
96 hours (OD between 1,000 and 1,400) was smal-
ler than that observed in RCM broth after 48 hours
(OD ≥ 2,000). RCM broth always presented the
best performance, which was also verified in the
activation of strains. Yet, the averages of MICs and
MBCs were not expressively different for the three
species of bacteria, in both media, with final values
quite similar or showing differences of one or two
lower dilutions in Brucella broth. In the future, ot-
her broths should be tested.

It is known that pre-reduced anaerobically ste-
rilized media (PRAS) allow for a better growth of
anaerobes, but its preparation is impossible in
most clinical laboratories10. That justifies the at-
tempt to establish a practicable technique for ave-
rage laboratories that have anaerobiosis jars,
which allows for the preparation of the rich media
one day before the experiment. The methodology
has shown a good performance with the tested mi-
croorganisms. It may present problems when em-
ployed with more fastidious microorganisms, for
which more intensive subcultures do not afford
the growth proper to constitute the inoculum for
susceptibility tests – that growth must preferably
occur within 18 to 24 hours19.

In vitro studies, such as the present research,
are carried out with isolated bacteria while endo-
dontic infections are usually mixed – with complex
microbial interactions and an average concentrati-
on of viable bacteria of 107.7 CFU/g of sample27 –,
which may interfere with the action of different
medicaments. In spite of that, the importance of
presenting quantitative data (µg/ml) on the anti-
microbial effect of drugs must be pointed out, sin-
ce those studies are based on standardized metho-
dologies that can be reproduced by microbiology
laboratories that do not have the same resources
as great research centers.
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CONCLUSIONS

Spectrophotometric reading renders good relia-
bility to the interpretation of MIC. MICs and MBCs
obtained by means of the macrodilution method
are consistent with the clinical performance of the
employed medicaments and confirm the indication
of the macromethod for in vitro studies with small

number of anaerobes. RCM was revealed as the
best option for future studies because it enables
bacterial growth in less time.

ACKNOWLEDGMENT

To The State of São Paulo Research Foundation,
for the financial support (process number
98/04449-0).

ROSA, O. P. da S.; TORRES, S. A.; FERREIRA, C. M.; FERREIRA, F. B. de A. Efeito in vitro de medicações intracanal
sobre anaeróbios estritos pelo método de diluição em caldo. Pesqui Odontol Bras, v. 16, n. 1, p. 31-36, jan./mar.
2002.

A determinação da suscetibilidade bacteriana aos medicamentos intracanal é uma necessidade, mas são poucos os
estudos que utilizam metodologia própria para anaeróbios estritos nessa avaliação. Neste estudo, são descritos os
passos de um método de diluição em caldo, feito em microplacas (microdiluição) e em tubo (macrodiluição), para testar
a ação de medicamentos intracanal tradicionais sobre bactérias anaeróbias estritas, com apresentação dos resultados
em Concentrações Inibitória e Bactericida Mínimas (CIM e CBM). Inóculos padronizados dos anaeróbios Prevotella ni-

grescens (ATCC 33563), Fusobacterium nucleatum (ATCC 25586) e Clostridium perfringens (ATCC 13124), em caldo Re-
inforced Clostridium Medium (RCM) e caldo Brucella suplementado, foram submetidos a diferentes concentrações de
soluções de hidróxido de cálcio, digluconato de clorexidina, paramonoclorofenol canforado e formocresol, diluídas nos
mesmos caldos de cultura, em microplacas e tubos, e depois incubados em jarras de anaerobiose a 37°C por 48 h ou
96 h. A determinação das CIMs foi feita através de leituras visual e em espectrofotômetro, e das CBMs, pela semeadura
de alíquotas em ágar RCM-sangue. Para esse tipo de estudo, o macrométodo com leitura em espectrofotômetro deve
ser a escolha natural. As CIMs e CBMs do macrométodo foram compatíveis com seu conhecido desempenho clínico,
variando com as bactérias e meios de cultura empregados. O caldo RCM foi o mais efetivo e o C. perfringens, o micror-
ganismo mais resistente.

UNITERMOS: Tratamento do canal radicular; Irrigantes do canal radicular; Microbiologia; Bactérias anaeróbias.
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