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The aim of this study was to investigate the antibacterial activity
of three different concentrations of a newly produced CHX
powder prepared locally in Mosul College of Dentistry in the
Department of Dental Basic Sciences( approved by Nineveh Drug
Industry (NDI,licence no.2256 in26/9/2002), and to compare it
with the same concentrations of commercially available CHX
solution against three bacterial isolates commonly isolated from
infected root canals, using the agar diffusion test. Astandard agar
diffusion test was utilized to investigate the antibacterial activity
of different concentrations of experimental chlorhexidine
gluconate solution(NDI no.2256)and acommercially available
chlorhexidine solution.The diameter of the microbial inhibition
zones were measured in millimeter around each paper disk
containing the experimental solutions. Data were analyzed using
Duncan’s Multiple Range Test (a = 0.05). The results revealed that
all tested microorganisms were affected by different
concentrations of CHX powder(NDI no.2256) except for the
lowest concentration (0.1%). Similar results were observed for
CHX solution. The new prepared CHX powder(NDI n.2256)can
be used aroot canal irrigant.

Introduction
One of the goals of root canal treatment is
to eliminate bacteria, bacterial products
and debris from the root canal system (1).
Most bacteria found in the canal space
may be removed by the mechanical action
of endodontic instruments. However, in
several situations, due to complex
anatomy of the root canal system, organic
residues and bacteria lodged deep inside
the dentinal tubules can not be reached
after
careful
mechanical
instrumentation(2,3). The use of irrigating
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solutions is essential to ensure bacterial
minimization(4,5) and elimination of
organic tissue remnants(6, 7).Biomechanical
cleaning and shaping of the root canal
greatly reduces the number of bacteria.
Nevertheless, because of the anatomical
complexity of the root canal system,
organic and inorganic residues and
bacteria can not be completely removed
and often persist (8). Various irrigants have
been used during the canal preparation to
minimize the residual debris, necrotic
tissue, and bacteria, as well as to remove
smear layer formed by the mechanical
(9-11)
preparation
of
the
dentin
.
Chlorhexidine (CHX) is widely used in
endodontic treatment as an irrigant. It has
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been emerged as a potential irrigant and
inter -appointment medication to be used
during the endodontic treatment of
infected teeth. As an irrigant, CHX has
shown antimicrobial effectiveness in
several clinical and laboratory studies,
although controversy exist (12,13). CHX
solution lacks tissue-dissolving ability,less
toxic to host tissues, and presents
substantivity to dentin, which may results
in residual antimicrobial effects for days to
weeks (14,15). Chlorhexidine was developed
in the late 1940s in the research
laboratories of Imperial Chemical
Industries Ltd. (Macclesfield, England).
Initially, a sense of polybisguanides was
synthesized to obtain anti-viral substances.
However, they had little anti-viral efficacy
and were put a side, only to be
re-discovered some years later as
antibacterial agents. Chlorhexidine was
the most potent of the tested
bisguanides (16). Chlorbexidine is a strong
base and is most stable in the form of its
salts. The original salts were chlorhexidine
acetate and hydrochloride, both of which
are relatively poorly soluble in water.
Hence they have been replaced
(17)
by
chlorhexidine
digloconate
.
Chlorhexidine is a potent antiseptic, which
is widely used for chemical plaque control
in the oral cavity. It is abroad-spectrum
antimicrobial agent that has been
advocated as an effective medication in
endodontic treatment (18). This solution, by
attaching to bacterial cytoplasmic
membrane, disrupts the osmotic balance,
resulting in leakage of intercellular
material. It also binds to hydroxyapatite
and soft tissue, changing their electrical
field to compete with bacterial binding (19).
In addition, chlorhexidine gluconate
presents a residual antibacterial effect on
the infected canals (10,21). Chlorhexidine is
highly effective against several grampositive and gram-negative oral bacterial
species as well as yeasts (22). At high
concentrations, CHX causes precipitation
of intra-cellular constituents, particularly
phosphate entities, such as adenosine
triphosphate and nucleic acids. As a
consequence, the cytoplasm becomes
congealed, with resultant reduction in
leakage, so that there is a biphasic effect
on membrane permeability (23). A new

locally prepared CHX powder has been
recently produced in the Department of
Dental Basic Sciences, College of
Dentistry, Mosul University and approved
by Nineveh Drug Industry(NDI),( license
no.2265 in 26/9/2002), which justifies a
study to compare it's antibacterial activity
to that of a commonly used endodontic
irrigant (CHX solution). The purpose of
this study was to assess in vitro the
antibacterial activity of this newly
proposed CHX powder, and to compare
the results with that of
the most
commercially available chlorhexidine
glucorate solution.

Materials and Methods
The in vitro antibacterial activity of the
following materials against three reference
isolates of bacteria was evaluated by the
agar diffusion test :
Group I
: A newly proposed CHX
(24)
powder (NDI
no.2256)
in concentrations of (0.1%, 1% and 2%).
Group II : Chlorhexidine gluconate
solution (4%) (Al-Rahma Pharmaceutical
Co. Amman. Jordan) diluted to obtain
concentrations of (0.1%, 1% and 2%).
Normal saline (0.9 w/v sodium chloride)
(Mosul I.V plant, Iraq) served as a
negative control.
The following bacterial strains were used
as indicator microorganisms in the study:
Enterococcus faecalis, Staphylococcus
aureus and Streptococcus mutants, all of
which are commonly isolated from
endodontically infected root canals (10).
The same methodology proposed by
Gomes et al.,(25) was used in this study. All
microorganisms
were
previously
subcultured in (appropriate culture) media
and under gaseous conditions to confirm
their growth. For the agar diffusion test,
fourty-two blood agar Petri plates were
used for each strain of bacteria,i.e.(21)
petri plate for Staphylococcus aureus
and(21) petri plate for Streptococcus
mutants for group I, and the same number
was used for group II ,while for the
Enterococcur
Faecalis,
fourty-two
( Enterococcus agar) Petri plates were
used for group I and group II. The
microorganisms were grown in 4 ml of
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brain heart infusion broth (Oxoid LTD,
Basingstoke, Hants, England) to enhance
their growth at 37oC for 18 hours (26). To
standardize the bacterial suspensions,the
samples were diluted and counted to
obtain asuspention of approximately 109
(cfu/ml) (27). Then 7 replicates of blood
agar plates (Oxoid LTD, Basingstoke,
Hants, England, X 217) for each bacterial
strain were inoculated with 0.1 ml of the
adjusted bacterial suspension and spread
on the surface of the agar using sterile
swabs . Then (15 mm in diameter)sterile
filter paper disks were dipped into each
experimental solution and were applied
over the surface of the agar after about 2
hours for pre-diffusion of the tested
materials. Then the plates were incubated
at 37oC for 48 hours(26). After the
incubation period, the diameter of the
bacterial growth inhibition zones around
each paper disk was measured in
millimeters.. Data were analyzed using
Duncan’s Multiple Range Test (a = 0.05).

growth inhibition was greater for
Staphylococcus aureus and Streptococcus
mutants than for Enterococcus faecalis for
both tested solutions.

Discussion
The present study investigated the
antibacterial effect of three concentrations
of
experimental
chlorhexidine
powder(NDI no.2256) and compared the
results with the same concentrations of
chlorhexidine
solution
against
Enterococcus faecalis which is the most
commonly isolated strain of bacteria from
root canals(1)., and also Streptococcus
mutants and Staphylococcus aureus which
are also isolated from primary and
secondary infected root canals and tooth
caries(4). Root canals of infected teeth have
a complex flora consisting of cocci, rods,
spirochetes, filaments and sometimes
fungi. The common recovery of
Enterococcus faecalis from the root canals
of teeth in which previous treatment has
failed is notable. Enterococcus faecalis
have been shown to survive in root canals
as a single organism without the support
of other bacteria(25). This explain the
resistance of this organism to low
concentration of the experimental
materials (29), i.e., 0.1% concentration of
the powder form(NDI no.2256). Blood
agar was used as the culture media, since
this media is easily available and
commonly used for the selected bacterial
strains(30). All in vitro experimental
methods
have
advantages
and
disadvantages. In the agar diffusion test,
the size of the microbial inhibition zone
depends upon the solubility and
diffusibility of the test substance and may
not express its full effective potential;
therefore, the inhibition zones may be
more related to material solubility and
diffusibility in the medium. In addition to
different other factors that may affect the
reading of the results including: type of
the medium, microorganisms, amount of
inoculums and reading point of the zone of
inhibition (27). The possible explanation of
the difference in the antibacterial activity
of the experimental materials is the
selected isolates of microorganisms used,

Results
The results of the agar diffusion test are
shown in Table (1)and figure(1). This
table shows the diameters (mean and
standard deviations SD) of the zones of
bacterial growth inhibition (in mm)
obtained for the tested materials. The
values are expressed as means of 7
repetitions
and
SD.
All
tested
microorganisms
were
significantly
affected by the different concentrations of
chlorhexidine gluconate solution. Similar
results were observed for the experimental
CHX solution(NDI no.2256), except for
the lowest concentration (0.1%) which did
not show any antibacterial effect. The
largest growth inhibition zones were
produced when the tested bacteria were in
contact with 2% concentration for both
tested solutions.Table (2) showed that
there were no statistically significant
difference (P > 0.05) between the growth,
inhibition zones observed with the equal
concentrations of CHX powder(NDI
no.2256) and CHX solution (1%, 2%),
though the solution form produced zones
with diameters greater than the powder
form. Also the diameter of the zones of
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and the method of measuring antibacterial
activity (31,32).In the present study, CHX
powder(NDI no.2256)showed antibacterial
activity against all tested microorganisms
in 1% and 2% concentrations only. In 2%
concentration: This material produced the
largest mean zones of bacterial growth
inhibition against Streptococcus mutants
and Staphylococcus aureous (21 mm),
followed by (18.5 mm) for Enterococcus
faecalis. The mean zone, of bacterial
growth inhibition produced by 1% of the
solution form, were the following: 7.5
mm, 7.5 mm and 9 mm against
Enterococcus faecalis, Streptococcus
mutants and Staphylococcus aureous
respectively. While the 2% concentration
of the solution form produced a mean
zones of bacterial growth inhibition
and as follows : (22 mm, 27 mm and 26.5
mm)mean zones of growth inhibition
against
Enterococcus
faecalis,
Streptococcus
mutants
and
Staphylococcus aureus respectively. There
was no statistically significant difference
(P > 0.05) between 2% concentration of
both CHX forms, though the solution form
produced zones with larger diameter than
the powder form.
Also the difference was not significant
(P > 0.05) between 1% concentrations of
CHX forms, though the powder form
produced zones with larger diameters than

the solution form. Although the difference
was not significant, the results show that
CHX in both powder and solution forms
was less effective against Enterococcus
faecalis. Emilson (1973), and Hennessy
(1977) found that chlorhexidine is less
effective on Gram-negative than on Grampositive bacteria (33,34). Many other ex-vivo
studies used extracted human teeth mono
infected with Enterococcus faecalis, a
Gram-positive
facultative
species
associated with failed root canal treatment
and found the same results (35). The
difference was significant between 0.1%
and (1%, 2%) concentrations for both the
solution the powder forms. 0.1% in the
powder form was not effective against any
of the test microorganism. This result
suggests the use of CHX powder in a
greater concentration. Aqueous solutions
of 0.1 to 0.2% are recommended for
chemical plaque control in the oral
cavity(36), while 2% is the concentration of
root canal irrigating solutions usually
found in the endodontic literature(37).
Based on the antibacterial activity of the
tested solutions observed in the present
study, it may be concluded that the
experimental chlorhexidine gluconate
powder(NDI no.2256) can be used as an
alternative to chlorhexidine gluconate
solution as a root canal irrigant.
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Fig.(1) :- Duncan’s Multiple Range Test between diameters (in mm) of the zones of bacterial growth inhibition
against each of the bacterial strains. ( -- CHX (P): Chlorhexidine glucorate powder.-- CHX (S): Chlorhexidine gluconate solution.
--Different letters horizontally or vertically mean significant difference at p≤ 0.05.)
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Table (1):- Diameters (in mm) of the zones of bacterial growth inhibition against each of the
bacterial strains.
Experimental
materials

Enterococcus
faecalis
Mean
SD

Streptococcus
mutants
Mean
SD

Staphylococcus aureus
Mean

SD

*

CHX (P)
0.1%
1%
2%
**
CHX (S)
0.1%
1%
2%
Control
Normal saline

0
6
18.5

0
0.377
0.556

0
12
21

0
0.566
0.449

0.5
12.5
21

0
0.994
0.645

1
7.5
26.5

0.243
0.607
0.393

1.5
7.5
27

0.267
0.607
0.748

1
9
26.5

0.377
0.968
0.393

0

0

0

0

0

0

* CHX (P): Chlorhexidine glucorate powder.
** CHX (S): Chlorhexidine gluconate solution.
The values are expressed as means of 7 repetitions and standard deviations (SD).

Table (2):- Duncan’s Multiple Range Test between diameters (in mm) of the zones of bacterial
growth inhibition against each of the bacterial strains.

Experimental
materials

Enterococcus
faecalis
Mean
(Duncan’s group)

Streptococcus
mutans
Mean
(Duncan’s
group)

Staphylococcus
aureus
Mean
(Duncan’s group)

*

CHX (P)

0.1%
1%
2%

0
(A)
6
(B)
18.5
(E)

0
(A)
12
(CD)
21
(F)

0.5
(A)
12.5
(D)
21
(E)

1
(A)
7.5
(B)
26.5
(F)

1.5
(A)
7.5
(B)
27
(F)

1
(A)
9
(B)
26.5
(F)

0
(A)

0
(A)

0
(A)

**

CHX (S)

0.1%
1%
2%
Control
Normal saline

* CHX (P): Chlorhexidine glucorate powder.
** CHX (S): Chlorhexidine gluconate solution.
*** Different letters horizontally or vertically mean significant difference at p≤ 0.05.
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