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Abstract
Objective. This study was conducted in vitro to compare the effectiveness of Zingiber Officinale as an auxiliary chemical
substance followed by placement of different intra-canal medication in removing endotoxins and cultivable micro-organisms
from infected root canals. Materials and methods. Seventy-two root canals were contaminated with Enterococcus faecalis,
Candida albicans and Escherichia coli for 28 days. After, the teeth were instrumented using Zingiber Officinale and divided into six
groups according to the intra-canal medication: chlorhexidine gel; calcium hydroxide + chlorhexidine gel; glycolic ginger
extract; calcium hydroxide + glycolic ginger extract; calcium hydroxide + saline solution and saline solution (control). Sample
collections were performed after root canal contamination (Baseline; S1), after instrumentation (S2), 7 days after instru-
mentation (S3), after 14 days with intra-canal medication (S4) and 7 days after removal of intra-canal medication (S5). The
results were analyzed by the Kruskal-Wallis and Dunn tests. Results. It was observed that in S2 and S3 there was significant
reduction of the micro-organisms and the quantity of endotoxins after instrumentation. In samples S4 and S5 there was
complete elimination of micro-organisms and significant reduction of endotoxins. Conclusion. It was concluded that Zingiber
Officinale as an auxiliary chemical substance was effective on the micro-organisms tested, yet was unable to eliminate the
endotoxins. Similarly, the intra-canal medication were effective on micro-organisms, yet did not completely eliminate the
endotoxins.
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Introduction

Root canals of teeth with necrotic pulps associated
with pulp and periapical lesions are a reservoir of
micro-organisms and their byproducts, which
induce periapical inflammatory reaction [1]. End-
odontic infections are predominantly polymicrobial,
involving facultative and strict anaerobes, aerobes and
fungi [2–5].
Gram-negative bacteria present an endotoxin (lipo-

polysaccharide) in their cell wall, which is released
during duplication or cell death, causing inflamma-
tory reactions and resorption of periradicular tissues,
which may be associated with endodontic signs and

symptoms [6,7]. Escherichia coli presents endotoxins
in the cell wall with the basic structure of the lipid
component, which represents the active center
responsible for the toxicity of LPS [8]. For this reason,
even though this bacteria is not commonly found in
root canals with necrotic pulp, it has been used to
evaluate substances that may be able to neutralize
endotoxins [9].
Among the micro-organisms frequently found in

the root canal system, Enterococcus faecalis is the most
prevalent species and is associated with persistent
periapical lesions, being able to survive even in
adverse conditions, indicating its importance in the
etiology of endodontic treatment failure [10,11].

Correspondence: Dr Marcia Carneiro Valera, Institute of Science Technology, UNESP - Univ Estadual Paulista, Department of Restorative Dentistry,
Endodontic Division, Eng Francisco José Longo, 777, São José dos Campos, São Paulo, CEP 12245-000, Brazil. Tel: +55 12 3947 9381. Fax: +55 12 3947 9000.
E-mail: marcia@fosjc.unesp.br

(Received 2 April 2014; accepted 15 July 2014)

ISSN 0001-6357 print/ISSN 1502-3850 online � 2015 Informa Healthcare
DOI: 10.3109/00016357.2014.949846

http://informahealthcare.com/journal/ode
mailto:marcia@fosjc.unesp.br


Candida albicans is also frequently isolated in
root canals. This fungus may be present in 7–55%
of infected root canals [3], being considered
another possible cause of endodontic treatment fail-
ure [5,11,12].
The world literature demonstrates an increase

for natural products in medical specialties, encourag-
ing alternative therapies. Zingiber officinale, popularly
known as ginger, has been studied because of
its antimicrobial, anti-inflammatory and analgesic
properties [13,14]. It presents 1–3% of essential oil,
2.5–5% of gingerol and shogaol and 60% of
starch, which are able to significantly inhibit the
production of E2 prostaglandins induced by the
LPS of E. coli [13].
Considering that studies conducted on ginger have

demonstrated antimicrobial effectiveness, this study
evaluated, in vitro, the action of Zingiber Officinale as
an auxiliary chemical substance followed by its use as
intra-canal medication associated and compared with
other drugs commonly used during the intra-canal
medication stage.

Materials and methods

This study was approved by the Ethical Committee of
São José dos Campos School of Dentistry–UNESP,
protocol n. 07/2008-PH/CEP.

Preparation and contamination of specimens

The study was conducted on 72 single-rooted human
teeth whose crowns were sectioned to standardize the
length of specimens in 16 ± 0.5 mm. The root canals
were instrumented using saline solution throughout
their extent up to Kerr file n. 30 (Dentsply Ind. Com.
Ltda, Petrópolis, RJ, Brazil) followed by irrigation
with 3 ml saline solution after each instrument. After-
wards, the canals were filled with EDTA for 3min and
irrigated with 10 ml of saline solution. Then, the roots
were sealed at the apical region with light cured
composite resin Z-100 (3M, Saint Paul, MN) and
externally sealed with two layers of epoxy adhesive
(Brascola, São Paulo, SP, Brazil), except for the
cervical opening. The specimens were randomly dis-
tributed and fixated with chemically cured acrylic
resin (Dencor Artigos Odontológicos, São Paulo,
SP, Brazil) on cell culture plates with 24 wells
(TPP, Trasadingen, Switzerland), with 12 teeth in
each. All cell culture plates and materials were ster-
ilized by Cobalt-60 gamma irradiation (20 KGy for
6 h) to neutralize the pre-existent endotoxins [15].
The micro-organisms used were Candida albicans

(ATCC 18804), Enterococcus faecalis (ATCC 29212)
and Escherichia coli (ATCC 25922). Separate
suspensions were prepared in apyrogenic saline con-
taining 106 cells/ml, checked by reading in a
spectrophotometer.

The root canals were contaminated with 10 ml of
suspension of E. coli and 10 ml of BHI broth (brain-
heart infusion) (Himedia Laboratories, Mumbai,
India). Apyrogenic cotton pellets soaked in BHI
broth were placed in the root canal openings and
the specimens were kept in an oven at 37�C ± 1�C, in
relative humidity, for 7 days. After this period, 5 ml of
suspension of C. albicans, 5 ml of suspension of
E. faecalis and 10 ml of BHI broth were added to
the root canals. A new apyrogenic cotton pellet
soaked in BHI broth was placed in the root canal
openings and the specimens were kept in an oven at
37�C ± 1�C, in relative humidity, for 21 days, with
addition of BHI broth to the root canals every 2 days
[9,16].
After the contamination period (28 days), the initial

sample (baseline, S1) was collected from all speci-
mens to confirm the root canal contamination and
quantify the endotoxins.

Division of study groups

After verifying the contamination, the root canals
were instrumented into their full length up to
Kerr file n. 50, with 20% glycolic ginger extract
(Apis Flora, Ribeirão Preto, São Paulo, Brazil) as
an auxiliary chemical substance during the instru-
mentation and using 3 ml of apyrogenic saline solu-
tion. Furthermore, at each change of instrument, the
20% glycolic ginger extract solution was renewed. In
order to determine the antimicrobial activity of the
Zingiber Officinale (20% glycolic ginger extract), a
second sampling specimen was performed (S2).
The teeth were filled with apyrogenic saline solution
and maintained for 7 days. Throughout the study
period, the specimens were kept in an oven at
37�C ± 1�C. After 7 days the third sample was
collected (S3). The root canals were then filled
with EDTA for 3 min, followed by root canal irri-
gation with 10 ml of apyrogenic saline solution and
division of specimens into six experimental groups
(n = 12), according to the intra-canal medication
used (Table I).
Medications of 2% chlorhexidine gel (CHX), 20%

glycolic ginger extract (GENG) and saline (SS; con-
trol) were applied using 3 ml syringes up to complete
root canal filling. The medications were associated in
a 1:1 ratio in volume and placed in the root canal
using a Kerr file n. 30.
After root canal filling with the intra-canal medi-

cation, the teeth were sealed with apyrogenic cotton
pellets. The teeth were kept in an oven at 37�C for
14 days. After this period, the medication was
removed with a Kerr file n. 50 and 10ml of apyrogenic
saline solution, followed by collection of the fourth
sample (S4). The root canals were filled with apyro-
genic saline solution and the fifth sample (S5) was
collected after 7 days.
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Collections of root canal content

All samples (S1, S2, S3, S4 and S5) were carried in
the same standard way: the root canals were filled
with apyrogenic saline solution and 100 ml of the root
canal content was collected and transferred to eppen-
dorf tubes containing 900 ml of apyrogenic saline
solution. All samples were submitted to microbio-
logical tests and quantification of endotoxins to verify
the presence of micro-organisms and endotoxins in
the root canals.

Evaluation of antimicrobial action (culturing procedure)

Aliquots of 100 ml of all samples were plated in
duplicate in three different culture media, selective
for each micro-organism: agar Sabouraud Dextrose
(Himedia Laboratories, Mumbai, India) with chlor-
amphenicol (Vixmicina, União Química Farmacêu-
tica S/A, Embu-Guaçu, SP, Brazil) for C. albicans,
agar Enterococcosel (Becton, Dickinson and Com-
pany, Sparks, MD, USA) for E. faecalis and agar
MacConkey (Himedia Laboratories, Mumbai, India)
for E. coli.
The plates were kept in an oven at 37�C for 24 h. In

all collections, the antimicrobial activity of treatments
and substances was analyzed by counting of colony
forming units per milliliter (CFU/ml). The results
were statistically analyzed by the Kruskal-Wallis and
Dunn tests, at a significance level of 5%.

Quantification of endotoxins (endotoxins procedures)

The neutralization of endotoxins was verified by the
kinetic chromogenic method of Limulus Amebocyte
Lysate test (LAL) (Cambrex, São Paulo, SP, Brazil),
using the kinetic reader QCL (Cambrex) connected
to a computer with specific software WinkQCL
(Cambrex). The concentrations of standard curve
(between 0.005–50 EU/ml) were performed accord-
ing to the manufacturer; calculation of the parameters
of standard curves and values of endotoxin samples
(EU/ml) were automatically performed by the soft-
ware. The present statistical analysis was based on the
percentage of alteration related to a decrease or
increase in the quantity of endotoxin (EU/ml) of
each sample in relation to the baseline (S1).
Results were subjected to statistical analysis using

Kruskal-Wallis and Dunn tests (significance level of
5%).

Results

Microbiological analysis

At the baseline (S1), micro-organisms were recov-
ered from 100% of the contaminated-root canals.
The results of the Kruskal-Wallis test comparing the

Table I. Division of the experimental groups.

Groups Intra-canal medication Origin

CHX 2% chlorhexidine gel Byofórmula, São José dos Campos, Brazil

Ca(OH)2 + CHX Calcium Hydroxide associated with 2%
chlorhexidine gel

Biodinâmica, Ibiporã, PR; Byofórmula, São José dos
Campos, Brazil

GENG 20% glycolic ginger extract Apis Flora, Ribeirão Preto, São Paulo, Brazil

Ca(OH)2 + GENG Calcium Hydroxide associated with 20% glycolic
ginger extract

Biodinâmica, Ibiporã, PR; Apis Flora, Ribeirão
Preto, São Paulo, Brazil

Ca(OH)2 + SS Calcium Hydroxide associated with saline solution Biodinâmica, Ibiporã, PR, Brazil

SS (Control) Saline solution Laboratório Sanobiol, Pouso Alegre, MG, Brazil

Table II. Percentages of reduction of CFU/ml obtained in the
second (S2) and third (S3) collections in relation to the baseline
(S1).

Reduction Micro-organisms Mean SD Median HG

C. albicans 99.99 0.01 100 A

S1 � S2 E. faecalis 99.87 0.58 99.99 B

E. coli 99.99 0.04 100 A

C. albicans 99.98 0.11 100 A

S1 � S3 E. faecalis 99.79 0.61 99.96 B

E. coli 99.63 3.04 100 A

HG, Homogenous groups; indicate statistical significance.

Table III. Percentages of reduction of CFU/ml obtained in the
fourth collection (S4) in relation to the baseline (S1).

S1 � S4

C. albicans E. faecalis E. coli

Median HG Median HG Median HG

CHX 100 A 100 A 100 A

Ca(OH)2 + CHX 100 A 100 A 100 A

GENG 100 A 100 A 100 A

Ca(OH)2 + GENG 100 A 100 A 100 A

Ca(OH)2 + SS 100 A 100 A 100 A

SS 99.98 B 99.98 B 100 A

n = 12 for each group.
HG, Homogeneus groups; indicate statistical significance.
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percentage of reduction of micro-organisms after
instrumentation (S2) and 7 days
after instrumentation (S3) compared to the baseline
(S1) are expressed in Table II. It is possible to
observe a reduction of nearly 100% of micro-
organisms after preparation using the 20% ginger
glycolic extract as an auxiliary chemical substance,
demonstrating great efficacy against C. albicans, E.
faecalis and E. coli.
The mean, standard deviation, median and homo-

geneous groups of sample 4 (S4; after placement of
intra-canal medication) and sample 5 (S5; 7 days after
removal of intra-canal medication), compared to the
baseline (S1), are expressed in Tables III and IV.
Concerning the SS group (control group), there was a
reduction in the number of micro-organisms imme-
diately after instrumentation (S2), re-taking the
growth during the study (S4 and S5).

Analysis of endotoxins

The results of quantification of endotoxins revealed a
reduction of 92.32% using the ginger glycolic extract
as an auxiliary chemical substance during instrumen-
tation (S2). Seven days after instrumentation (S3),
there was a reduction of 87.44% (Table V).
The mean and median values obtained in the

countings of EU/ml, as well as the homogeneous
groups of samples S4 and S5, are presented
in Table VI. In sample S4, Ca(OH)2 + SS and Ca

(OH)2 + CHX presented the greatest reduction of
endotoxin (99.99% and 99.74%, respectively). In
sample S5, the groups Ca(OH)2 + SS (99.99%),
Ca(OH)2 + CHX (99.96%), CHX (99.88%) and
Ca(OH)2 + GENG (99.83%) exhibited the greatest
reduction of endotoxin levels.

Discussion

In the present study, the specimens were contami-
nated with standardized suspensions of Enterococcus
faecalis, Candida albicans and Escherichia coli, already
described in previous studies [17–19]. Some micro-
bial species, such as E. faecalis and C. albicans, may
present resistance to calcium hydroxide, a commonly
used intra-canal medication [16,20]. This study
revealed that calcium hydroxide, pure or associated
with chlorhexidine and 20% glycolic ginger extract,
was effective on the micro-organisms tested. The
antimicrobial action of Ca(OH)2 has been demon-
strated in other studies [9,21]. Even though reports
demonstrate that Ca(OH)2 is not effective on Entero-
coccus faecalis [22], it presented 100% effectiveness in
this study.
Recent studies demonstrate the action of glycolic

and alcoholic ginger extract on micro-organisms as
Streptococcus mutans, Staphylococcus aureus, Escherichia
coli, Porphyromonas endodontalis and Prevotella inter-
media [14]. Components of essential oil of rhizomes of
Zingiber officinale reduce the growth rate of a large
variety of bacteria and fungi, including Staphylococcus
and Candida [23]. It was demonstrated that ethanolic
extracts of Z. Officinale were able to inhibit the growth
of Gram-negative and Gram-positive bacteria [24],
even though the effect was more pronounced on
Gram-positive bacteria [25]. Also, Habsah et al.
[26] observed high activity of this rhizome on Pseu-
domonas aeruginosas, a highly resistant Gram-negative
bacteria. In this study, after instrumentation using
ginger glycolic extract as auxiliary chemical

Table IV. Percentages of reduction of CFU/ml obtained in the fifth
collection (S5) in relation to the baseline (S1).

Groups S1 � S5

C. albicans E. faecalis E. coli

Median HG Median HG Median HG

CHX 100 A 100 A 100 A

Ca(OH)2 + CHX 100 A 100 A 100 A

GENG 100 A 100 A 100 A

Ca(OH)2 + GENG 100 A 100 A 100 A

Ca(OH)2 + SS 100 A 100 A 100 A

SS 100 A 99.96 B 99.97 A

n = 12 for each group.
HG, Homogeneus groups; indicate statistical significance.

Table V. Percentages related to the reduction in the quantity of
endotoxin (EU/ml) obtained in the second (S2) and third (S3)
collections in relation to the baseline (S1).

Reduction n Mean SD Median HG

S1 � S2 72 92.32 11.60 96.15 A

S1 � S3 72 87.44 30.68 95.67 A

HG, Homogeneus groups; indicate statistical significance.

Table VI. Percentages related of the reduction in the quantity of
endotoxin (EU/ml) obtained in the fourth (S4) and fifth (S5)
collections in relation to the baseline (S1).

S1 � S4 S1 � S5

Groups Mean Median HG Mean Median HG

CLX 99.65 99.79 BC 99.55 99.88 A

CLX + (CaOH)2 99.75 99.97 AB 99.91 99.96 A

Geng 98.28 99.60 BC 92.55 97.16 B

Geng + Ca(OH)2 99.74 99.90 B 99.64 99.83 AB

SS + Ca(OH)2 99.99 99.99 A 99.98 99.99 A

SS 74.8 90.50 C 85.39 89.62 B

n = 12 for each group.
HG, Homogeneus groups; indicate statistical significance.
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substance, there was complete elimination of C. albi-
cans and E. coli and more than 99% of E. faecalis could
also be eliminated.
Notwithstanding the favorable results in the elim-

ination of micro-organisms, the ginger glycolic extract
was unable to completely eliminate the endotoxins
present in the root canal system, demonstrating sim-
ilar results as those obtained with sodium hypochlo-
rite and chlorhexidine, which are auxiliary chemicals
commonly employed in the endodontic practice
[7,27]. This study used 20% ginger glycolic extract,
whose main active principle is gingerol, which prob-
ably presents greater antimicrobial effects [14]. Stud-
ies indicate that the volatile oils gingerol and shogaol
seem to be responsible for the beneficial action of this
rhizome [13]. Park et al. [14] suggest that compound
isolated from ginger, as gingerol were effective on
Porphyromonas gingivalis, Porphyromonas endodontalis
and Prevotella intermedia. Although the mechanism of
action of ginger extract on micro-organisms is not be
elucidated in the literature, studies reveal effective
antimicrobial action of this extract on the micro-
organisms [14]. Other investigations further demon-
strated that ginger is biocompatible, being used also in
the diet [28,29]. However, there are no studies on the
effects of active principles of ginger. The ideal time of
action of this product is also not known. The results of
this substance immediately after preparation (S1)
suggested that the peak action of ginger occurs at
nearly 7 days, with a loss of activity after this period.
However, further studies should be conducted to
evaluate the period of action of this phytotherapic
substance.
Concerning the use of intra-canal medications, all

medications analyzed were able to completely
eliminate the micro-organisms, in agreement with
other studies [9,30]; however, they were unable to
eliminate endotoxins present in the root canals.
Among the medications used, associations with cal-
cium hydroxide revealed the best outcomes. The
antimicrobial activity of calcium hydroxide is asso-
ciated with its high pH [31] by the release and
diffusion of hydroxyl ions. To be effective on bacteria
located in the dentinal tubules, hydroxyl ions should
diffuse in the dentine with sufficient concentrations,
reaching alkaline pH high enough to destroy the
bacteria [32]. Similarly, OH� ions are able to induce
the lipid peroxidase, leading to destruction of
phospholipids. Moreover, the maintenance of alka-
line pH by Ca(OH)2 causes rupture of ionic bonds
and alters the structure of cell membrane proteins,
causing interruption of the cell metabolism of bac-
teria [32].
Therefore, it was concluded that ginger glycolic

extract may be a good option as an auxiliary chemical
in endodontic practice and calcium hydroxide intra-
canal medications are the most indicated, especially to
neutralize endotoxins.
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