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ABSTRACT

Ee aim of this study was to analyze the buccal tissue responses of Wistar rats to 2% chlorhexidine solution, calcium
hydroxide and the association of both products. For this purpose, 30 specimens were randomly implanted in the filtrum of the
four upper and lower hemiarches with a polyethylene tube containing one of the following substances: 2% chlorhexidine
solution, calcium hydroxide and 2% chlorhexidine solution (test groups); calcium hydroxide and distilled water and distilled
water (control groups). Ten rats each were distributed according to time interval of evaluation at 7, 15 and 30 days. The
histological sections were stained with Harris hematoxylin and eosin. Analysis was performed with an optical microscope at
x100, x200 and x400 magnifications by an expert examiner blinded to the materials. The sections were classified by scores
attributed to inflammatory events and by a ranking determined according to the severity of the inflammation. The results of the
inflammatory events and severity ranking were submitted to the Kruskal-Wallis test at a 0.05 level of significance. No statistically
significant difference occurred among the tested materials; however, all materials showed a decreased of severity with respect
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to longer time intervals.

Uniterms: Biocompatibility. Calcium hydroxide. Chlorhexidine. Endodontics. Rats.

INTRODUCTION

Chlorhexidine has been proposed in endodontic therapy
in various concentrations as an irrigating solution, intracanal
medication and in association with other substances, for
cleansing of infected root canal systems (Barbosa, et al.! 1997,
Siqueira Jr. and Uzeda* 1997; Estrela, et al.* 2001; Schafer and
Bossmann? 2005).

This substance is a cationic detergent of the biguanide
group, which is almost insoluble in water. For this reason, it is
almost always prepared in salt form, chlorhexidine digluconate,
which increases its solubility (Davies® 1973). It is considered
a wide spectrum antimicrobial substance because in addition
to its efficacy against Gram-positive bacteria, it also acts
against Gram-negative bacteria and has variable fungicidal
action, depending on the specie. Furthermore, it has a very
important property called substantivity, that is, residual effect
(Rolla, et al.’* 1970; Rosenthal, et al.' 2004), which means that
its presence is maintained in the blood and other bodily fluids.

Although the use of chlorhexidine has been widely
diffused in many dental fields, its efficacy in microbial control
has been proven (Heling, et al.** 1992; Siqueira Jr. and Uzeda*
1997; Dametto, et al.22005) and the tolerance of oral tissues to

this substance has been shown (Loe e Schiott'* 1970; Yates,
et al.>*1993), few studies have demonstrated the behavior of
conjunctive tissues in its presence (Fellippe, et al.> 1998).

When used as an intracanal medication, both in solution
and in association with calcium hydroxide, chlorhexidine
remains in intimate contact with the periapical tissues, usually
for a prolonged period. Therefore, knowledge of tissue
behavior in its presence is of paramount importance. Moreover,
longitudinal observation of these reactions seems to be a
relevant factor for elucidation of the type of response that
host tissues can present in the presence of this substance.
Thus, the purpose of this study was to evaluate the response
of rat buccal submucosa tissue to the presence of distilled
water, a mixture of calcium hydroxide (p.a.) and distilled water,
a2% chlorhexidine solution and a mixture of calcium hydroxide
(p-a.) and 2% chlorhexidine solution.

MATERIALAND METHODS

The experimental protocol was reviewed and approved
by the Ethics in Human and Animal Research Committee of
the Brazil’s Lutheran University (ULBRA, Canoas, RS).
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Thirty male Wistar rats weighing 220 g on average were
selected. The animals were subjected to a light/dark cycle of
12 h, mean temperature of 22°C, 40-60% humidity, with free
access to solid chow and water ad libitum, thus closely
preserving their habitual situation. The rats were randomly
separated and identified both as individuals and in groups.

For inoculation of the test materials, 120 cylinders
measuring 5 mm in length and 1.3 mm internal diameter were
obtained from polyethylene 19G tubes (Venescalp, Feira de
Santana, BA, Brazil). The cylinders were divided equally
according to experimental group.

Atoxic polyurethane sponges cut in sizes of approximately
6x2x1 mm were used for placement of 2% chlorhexidine
solution and distilled water. As much as 0.02 mL of liquid was
injected into the center of the sponges using a 1-mL insulin
syringe to avoide liquid overflow at the edge of the cylinder.

To obtain the pastes, calcium hydroxide powder
(Iodontosul - Industrial Odontolégica do Sul Ltda., Porto
Alegre, RS, Brazil) was divided in two portions of
approximately 4.6 g, weighed in an analytical balance.
Concerning the quantity of liquid, whether using distilled
water or 2% chlorhexidine, as much as 5.1 mL was stipulated,
maintaining a proportion of 1 g of powder to 1.1 ml of liquid,
resulting in a homogenous mixture with toothpaste
consistency. The paste was injected into the cylinder using a
10 mL disposable syringe without needle.

All surgical procedures were performed under general
anesthesia by intramuscular administration of 0.1 mL of
ketamine hydrochloride (Dopalen, Agribrands. Satide Animal,
Paulinia, SP, Brazil) associated with 0.05 mL of xylazine
hydrochloride (Rompun, Bayer, Saide Animal, Sao Paulo, SP,
Brazil) per 100 g of rat body weight.

For material insertion, four quadrants from each rat were
used. With the aid of clinical tweezers, the rat’s mouth was
opened and a 3-mm-long incision was made at the region of
the buccal gingival sulcus with a #15 surgical scalpel (Med
Blade, Medgoldman Ind. e Com. Ltda. Manaus, AM, Brazil),
after which a randomly chosen cylinder was inserted in the
submucosal tissue of the region. After implantation of each
of the cylinders, the incision was closed using resorbable, #3
catgut sutures (Ethicon, Johnson & Johnson, Sdo Paulo, SP,
Brazil).

Following completion of each experimental time interval
(7, 15 and 30 postoperative days), 10 randomly chosen rats
were anesthetized as described above and sacrificed by
cervical dislocation, the pieces being immediately immersed
in 10% formalin.

Prior to histological processing, the cylinders were
carefully located, removed from the histological samples,
dehydrated in a gradual alcohol series and embedded in
paraffin. The blocks were cut at the central portion, where 5
standardized semi-serial 5-um-thick histological sections were
obtained and stained with Harris hematoxylin and eosin. Five
glass slides belonging to each histological block were
examined with an optical microscope (Olympikus, Tokyo,
Japan) by a single senior examiner who was blinded to the
tested substances. In this initial stage, the whole extension
of the glass slides was examined at x100, x200 and x400

magnification in order to visualize the tissue adjacent to at
least one of the ends of the cylinder. This was established as
an inclusion criterion to select the slide with the best quality
staining and histological details (Figure 1). Regarding the
region corresponding to the cylinder extremity, the area with
the greatest degree of inflammation was chosen.

Once these selection criteria were established, a new phase
began, in which the slides were analyzed qualitatively
(Figueiredo, et al.*2001), observing the presence of
neutrophils, lymphocytes, plasmocytes, eosinophils,
macrophages, gigantocytes, condensation fibrosis and
abscess. Based on these findings, the slides were then
classified according to the following scores: 0 — Absence; 1 —
Presence; 2 — Infiltrate.

For cell events, the following scores were considered: 0 -
when inflammatory cells were absent or found only within
the blood vessels; 1 - when inflammatory cells were sparsely
present or in very small groups; and 2 - when inflammatory
cells, in an area close to a tube extremity, were found in the
entire field or were present in a large number, configuring
great severity.

Condensation fibrosis received the following scores: 0
when absent; 1 when a fine layer involving the study material
was formed; and 2 when a thick layer was formed.

Regarding abscess formation, the following scores were
given: 0 - absent; 1 - the abscess was limited to the proximity
of the cylinder containing the material; and 2 - the abscess
reached more distant areas.

After qualitative analysis and attribution of scores to the
observed events, the slides were scored according to
inflammation severity. Aranking scale was established, which
ordered the slides in increasing degree of inflammatory
reaction, ranging from absent to highly inflammatory. All

FIGURE 1- Demonstrative image of a histological slice
presenting the inclusion criteria established in this study
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analyzes were undertaken at x 100, x200 and x400 magnification
in the region close to a cylinder extremity, chosen as described
above.

Statistical analysis

For comparison of the cell events observed using the
tested materials at 7, 15 and 30 days, the data obtained were
submitted to Kruskal-Wallis nonparametric test at 5% level of
significance. The analysis of the degree of inflammation
denoted in the ranking scale was also performed with Kruskal-

Wallis nonparametric test at 5% significance level. Initially,
the data were submitted to statistical analysis of the possible
influence of the quadrants used in the rat mouth in relation to
the inflammatory response (Kruskal-Wallis; 5% significance
level). As no statistically significant difference was observed,
all p values were over 0.05, it was inferred that the factor
quadrant exerted no influence on the results.

TABLE 1- Aspects related to the inflammation between the tested materials and time intervals (data presented as
meanzstandard deviation (X+SD); significance level 5% (p<0.05); W — Distilled Water; C — Chlorhexidine; W+CH — Distilled
Water associated with Calcium Hydroxide; C+CH — Chlorhexidine associated with Calcium Hydroxide

Time (days)
Variable Material n 7 15 30
X+SD n P X+SD n P X+SD n P
Neutrophils w 21 1.86+0.38 7 0.375 1294049 7 0.495 0.57+0.53 7 0.132
C 22 1.43+0.53 7 1.43+0.53 7 1.00£0.53 8
W+CH 22 1.67£0.50 9 1.671X0.52 6 1.14+0.38 7
C+CH 21 1.7510.46 8 1.25+0.50 4 1224067 9
Eosinophils W 21 0.14+0.38 7 0.951 0.00+0.00 7 0.488 0.14+0.38 7 0.935
C 22 0.14+0.38 7 0.1410.38 7 0.25+0.46 8
W+CH 22 0.22+0.44 9 0.00£0.00 6 0.14+0.38 7
C+CH 21 0.13+0.35 8 0.00£0.00 4 0.22+0.44 9
Lymphocytes W 21 1.8610.38 7 0.860 1.8610.38 7 0.359 1.1410.38 7 0.672
and C 22 1.712049 7 1.57+0.53 7 1.13+0.25 8
Plasmocytes W+CH 22 1.6740.50 9 1.8310.41 6 1.14+0.38 7
C+CH 21 1.75%0.46 8 2.00+0.00 4 1.33£0.50 9
Macrophages W 21 1713049 7 0.474 2.00+0.00 7 0.392 1.43+0.53 7 0.482
and C 22 2.00X0.00 7 2.0010.00 7 1.75+0.46 8
Gigantocytes  W+CH 22 1.891033 9 1.8310.41 6 1.43+0.53 7
C+CH 21 1.88+0.35 8 2.00+0.00 4 1.6710.50 9
Condensation W 21 1.57X0.53 7 0.628 1.43+0.53 7 0.357 0.86+0.38 7 0.271
Fibrosis C 22 1.43%0.53 7 1.43+0.53 7 1.13+0.35 8
W+CH 22 1.33+0.50 9 1171041 6 0.861+0.38 7
C+CH 21 1.2510.46 8 1.00+0.00 4 1.11+0.33 9
Abscess w 21 0.14+0.38 7 0.374 0.14+0.38 7 0.359 0.00+0.00 7 0.639
C 22 0.00+0.00 7 0.4310.53 7 0.13+0.35 8
W+CH 22 0.44%0.73 9 0.17£0.41 6 0.14+0.38 7
C+CH 21 0.25%0.46 8 0.00£0.00 4 0.22+0.44 9
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RESULTS

The results are summarized in Table 1, which present the
means and standard deviations of the cell events for the
tested materials and the time interval.

No statistically significant differences were found in the
analysis of cell events when comparing the tested materials
(Figures 2 and 3). On the other hand, statistically significant
differences were found while analyzing the tissue response
caused by a single material according to the time interval: the
severity of the inflammatory reaction to all substances
decreased along the duration of the experiment (Figure 4).

Analyzing the results of the ranking scale, established
according to the degree of general inflammation and with the
cell events ordered gradually from those showing absence of
inflammation to those of greatest inflammation, no significant
differences were found regarding among the tested materials
(Table 2). However, when testing the influence of the time
interval on the degree of inflammation, the inflammatory

FIGURE 2- Demonstrative image of tissue reaction,
considered severe, when using chlorhexidine associated
with calcium hydroxide at 7 days. Abscess presence
considered score 2 (arrow)

FIGURE 3- Demonstrative image of tissue reaction,
considered severe, when using distilled water associated
with calcium hydroxide at 7 days

FIGURE 4- Demonstrative image of condensation fibrosis
when using distilled water at 30 days

TABLE 2- Mean position of the materials of the entire
sample in relation to the degree of inflammation - W —
Distilled Water; C — Chlorhexidine; W+CH — Distilled Water
associated with Calcium Hydroxide; C+CH — Chlorhexidine
associated with Calcium Hydroxide. - Significance level
5% (p<0.05)

Materials N Degree of Kruskal-Wallis

inflammation

mean p value
W 21 39.71 0.631
C 22 40.23
W + CH 22 46.68
C+CH 21 47.38

TABLE 3- Mean position of time intervals in relation to the
degree of inflammation

Time Intervals N Degree of Kruskal-Wallis
Inflammation
mean p value
7 days 31 53.81 0.005*
15 days 24 43.50
30 days 31 33.19

* Significant difference at a level of 5%

process clearly diminished as a result of a longer experimental
time interval (Table 3).
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DISCUSSION

The use of the submucosal region of rat buccal gingival
sulcus was chosen due to the marked physiological similarity
of this location with the periapical tooth region, rather than the
dorsum of these animals, which is a commonly used area in
several studies.

Figueiredo, et al.® (2001) used the submucosal tissue of
rabbits with success in a study that, aside from sample size,
was similar to the present investigations in its methodological
steps. The ease of execution of this technique, especially
because it does not require trichotomy and tissue divulsion as
necessary when using the dorsal region, should also be
highlighted.

The stipulation of time intervals of 7, 15 and 30 days,
contemplated the commonly used periods in Endodontics
regarding the use of calcium hydroxide as an intracanal
medication, permitting the observation of histological
responses during short-, medium- and long-term periods, and
was in agreement with the protocol of other studies that
analyzed tissue response (Holland, et al.'® 1999; Nelson Filho,
etal.” 1999; Holland, etal."! 2001).

The criteria for histological evaluation with 0-to-1 scores
and the choice for neutrophils, eosinophils, lymphocytes/
plasmocytes and macrophages/giant cells, condensation
fibrosis and abscess as markers of tissue reaction, were
basically due to the direct relation of these elements with the
inflammatory process (Figueiredo, et al.® 2001). An expert
examiner analyzed the inflammatory events because in addition
to providing quantitative data using the above-mentioned
scoring system, the examiner could present qualitative data on
the inflammatory process, by interpreting tissue responses,
such as the presence of abscess, condensation fibrosis and
other events.

Itis important to highlight that other methods of identifying
inflammatory processes exist. Peters, et al.'’(2002) suggested
quantification of angiogenesis using a specific software to
provide a faster and more practical. However, it is our
understanding that such a count is only quantitative, providing
no information regarding the quality of the inflammatory
process and allowing no data interpretation.

The use of a scoring system aimed to rank each slide
according to the degree of inflammation present. Having
observed that the quadrant position did not interfere with the
inflammatory response, the scoring system was designed by
mixing all materials and time intervals. The analysis of data
referring to the measurement of the inflammatory events was
performed (Kruskal-Wallis test; a=5%) at experimental periods
of 7,15 and 30 days.

No significant differences were found among the tested
materials regarding the inflammatory reaction. However, some
findings were interesting and should be addressed. In relation
to the number of neutrophils, distilled water presented higher
means than 2% chlorhexidine within a 7-day period. This is in
agreement with the findings of Knuuttila et al.”® (1978) who,
using sponges impregnated with 0.01 to 0.2% chlorhexidine,
observed that chlorhexidine demonstrated a certain influence
on the diminished migration of leukocytes to the implantation
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sites when compared to saline over 12-, 24- and 36-hour periods.
Moreover, they reported that the greater the chlorhexidine
concentration, the lower the number of inflammatory cells.

Using the same methodology, Paunio, et al.'® (1978),
maintained the previously mentioned sponges for longer time
intervals, between 3 and 23 days, obtaining results that indicated
that chlorhexidine presented a clear delaying effect on the
formation of granulation tissue.

Watts, et al.> (1989) affirmed that chlorhexidine presented a
mild chemotaxis over neutrophils at low concentrations;
however, at high concentrations, this substance are able to
immobilize cells. These results are in agreement with those of a
previous study?!, in which it was observed that, at low
concentrations, chlorhexidine caused a slight increase in the
movement of neutrophils, while at higher concentrations, this
substance determined a reduction in this movement. Perhaps
for this reason, in the present study, a large number of
neutrophils were verified in relation to the analysis of distilled
water after the first time interval.

In contrast, other studies have demonstrated a more irritating
capacity of chlorhexidine. Kenney, et al.'? (1972) analyzed the
effect of chlorhexidine on polymorphonuclear leukocytes and
demonstrated that a concentration of 0.2% caused such a severe
destruction of these cells that it was not possible to count
them. Goldschmidt, et al.” (1977) concluded that chlorhexidine,
even at low concentrations, such as 0.001 and 0.2%, was shown
to be cytotoxic.

Another event observed during the course of the study
was the formation of abscesses throughout the experimental
periods. To clarify the influence of the materials on the origin of
these abscesses, a statistical analysis was performed (Table 1),
which demonstrated that the materials did not influence abscess
formation, since no differences were found between the tested
materials.

In general, the cell events of this study resembled one
another, denoting a certain similarity in the quality of
inflammation.

Regarding the analysis of the influence of time interval on
the tested substances, in accordance with the present
methodology and the obtained results, it can be affirmed that
all materials presented a statistically significant reduction in
the inflammatory reaction at longer time intervals, which led us
to infer that perhaps the initial inflammatory response was
strongly influence by the aggression suffered during the
surgical process and not only by the substances under
analysis.

With regard to the scoring system, which positioned the
inflammatory events according to the degree of inflammation
presented, Tables 2 and 3 show that no significant differences
occurred in relation to the analysis of the substances. However,
confirming previous results, significant differences were verified
when analyzing the time factor. Data should, however, be
analyzed with caution because the mean position, also called
the mean ranking by statisticians, is an “n”” dependent measure,
that is, it completely depends on the study sample number.
Thus, this position cannot be compared to other studies that
have a different sample size. Despite this fact, it is still an
excellent method for situating and demonstrating the mean
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position of a tested substance within a scale.

The results presented hereby do not agree with those of
Fellippe, et al.’ (1998), who found differences between the
irritating potential of 0.12% chlorhexidine and saline for a 3-
hour time interval. This different result may be attributed to
methodological differences, especially because the present
study used distilled water and longer time intervals.

This study did not intend to demonstrate that chlorhexidine
solution and the association of this substance with calcium
hydroxide are as biocompatible as distilled water and or the
calcium hydroxide/distilled water pastes. On the contrary, we
agree on the need for future works that may clarify the processes
that take place in the periapical tissues when chlorhexidine is
used as an intracanal medication.

CONCLUSIONS

Based on the methodology used in this study and according
to the obtained results, it may be concluded that: 1. No
differences in tissue response were verified regarding the use
of 2% chlorhexidine solution, distilled water, the association of
2% chlorhexidine and calcium hydroxide and the association
of distilled water and calcium hydroxide, at any of the
experimental time intervals; 2. The severity of the inflammatory
reaction caused by all substances decreased at the longer time
intervals.
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