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ABSTRACT

Objective: To characterize and develop a hop extract disinfectant solution and to
evaluate the effectiveness of a 5% hop extract solution in the disinfection of distal
cut orthodontic pliers. Methods: Distal cutting pliers (n=15) previously contaminated
by S. mutans, randomized into 5 experimental groups (n=3): G1/AUT — autoclaved
(negative control); G2/CNT — contaminated by S. mutans (positive control); G3/CLX —
2% Chlorhexidine; G4/HOP — 5% Hop Extract; G5/ALC - 70% Alcohol. The chemical
parameters of the Hop extract solution was analyzed by Gas Chromatography
coupled with Mass Spectrometry. After contamination, the pliers were immersed for
3 minutes in the respective disinfectant protocol. The microbiological analysis and
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the quantification of Colony Forming Unit (CFU/ml) were performed in pure and 1:10, 1:100 and 1:1000
serial dilutions. The result of the chemical analyzes were descriptive, and the microbiological analysis
were submitted to analysis of variance and Tukey’s test with a significance level of 5%. Results: The major
chemical compounds were a- and B-acids. In microbiological tests, it was shown that all experimental
groups differed significantly from G1/AUT (p<0.05). In the pure and 1:100 serial dilution, G2/CNT showed a
significantly higher value than the other groups evaluated (p<0.05). In the 1:1000 dilution, G5/ALC showed
a significantly higher average (p<0.05) than the others and did not differ only from G2/CNT (p>0.05).
There was no significant difference in the CFU/mL of G4/HOP compared to G1/AUT and G3/CLX (p>0.05).
Conclusion: The 5% hop extract solution demonstrated antimicrobial effectiveness in the disinfection of
orthodontic pliers contaminated with S. mutans.

Indexing Terms: Aromatic extracts. Chlorhexidine. Disinfection. Humulus Lupulus. Orthodontics.

RESUMO

Objetivo: Caracterizar e desenvolver uma solucdo desinfetante de extrato de IUpulo e avaliar a eficacia de
uma solucdo de extrato de IUpulo a 5% na desinfeccdo de alicates ortodonticos de corte distal. Métodos:
Alicates de corte distal (n=15) previamente contaminados por S. mutans, randomizados em 5 grupos
experimentais (n=3): G1/AUT - autoclavados (controle negativo); G2/CNT — contaminados por S. mutans
(controle positivo); G3/CLX — Clorexidina 2%; G4/HOP — Extrato de Lupulo 5%; G5/ALC - Alcool 70%. Os
parametros quimicos da solucdo de extrato de LUpulo foram analisados por Cromatografia Gasosa acoplada
a Espectrometria de Massas. Apds a contaminacdo, os alicates foram imersos por 3 minutos no respectivo
protocolo desinfetante. A andlise microbioldgica e a quantificacdo da Unidade Formadora de Colonias
(UFC/ml) foram realizadas nas diluicGes pura e seriada 1:10, 1:100 e 1:1000. Os resultados das analises
quimicas foram descritivos e as analises microbioldgicas foram submetidas a analise de variancia e teste de
Tukey com nivel de significancia de 5%. Resultados: Os principais compostos quimicos foram os acidos a e B.
Nos testes microbioldgicos foi demonstrado que todos os grupos experimentais diferiram significativamente
do G1/AUT (p<0,05). Na diluicdo pura e seriada 1:100, o G2/CNT apresentou valor significativamente maior
que os demais grupos avaliados (p<0,05). Na diluicdo 1:1000, o G5/ALC apresentou média significativamente
maior (p<0,05) que os demais e ndo diferiu apenas do G2/CNT (p>0,05). Ndo houve diferenca significativa
nas UFC/ml do G4/HOP em relacdo ao G1/AUT e G3/CLX (p>0,05). Conclusdo: A solucdo de extrato de
[Upulo a 5% demonstrou eficacia antimicrobiana na desinfeccdo de alicates ortoddénticos contaminados
com S. mutans.

Termos de indexagdo: Extratos aromaticos. Clorexidina. Desinfeccdo. Humulus Lupulus. Ortodontia.

INTRODUCTION

In orthodontics, the classification of materials and instruments in terms of the levels of
contamination legitimized by biosafety varies between critical and semi-critical [1]. Therefore, most pliers
used in orthodontics, which come into direct contact with intact oral fluids and tissues, can be considered
semi-critical, and require disinfection of high biocidal activity or sterilization [2,3]. In clinical practice, the
sterilization of this material is not always acceptable by the orthodontist, who justifies that this procedure,
performed by means of moist heat obtained from the autoclave, permanently damages the instrument
and implying greater time and financial demands [4,5]. In this sense, chemical disinfection has been widely
adopted among orthodontists [4,6] to ensure microbiological control and prevent infection between the
dental team and patients [2,7,8].
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This chemical control has been carried out by means of some chemical decontaminating agents.
Among them we can mention 70% alcohol, which is effective against bacteria, non-enveloped viruses and
fungi, but not sporicidal. Its bactericidal action occurs through the denaturation of proteins [9]. In general,
this agent is widely used by orthodontists in the decontamination of pliers [8-10]. The ease of use, cost,
and low toxicity make dental surgeons use this agent in the disinfection of instruments; however, there are
reservations regarding its use, since 70% alcohol cannot eliminate the most resistant microorganisms [8].

Chlorhexidine digluconate solution is another solution widely used in disinfection. This is a cationic
agent that has a broad spectrum against Gram-positive and negative bacteria [11]. Its action against
bacteria promotes the loss of components such as nucleotides and proteins, through the disruption of the
integrity of cytoplasmic membranes, and can exert bactericidal and bacteriostatic effects, which is why it
is the antimicrobial with the greatest indication in studies related to disinfection in dentistry with regard
to surfaces and instruments [12]. The efficacy of 2% chlorhexidine solution for disinfecting dental office
surfaces was significant in a study, disinfecting orthodontic appliances made of acrylic resin in 91.3% of
cases [12].

However, the search for new substances from natural sources with decontaminating properties and
lower adverse effects and toxicity has been stimulated [13]. Among them, hop extract and its recognized
bacteriostatic antimicrobial activity [14]. Hop extract has compounds that inhibit most gram-positive
bacteria, including some species of Bacillus, Micrococcus, and Staphylococcus [15]. Several constituents of
this extract also contribute to the antimicrobial action against oral Streptococcus, an action found both in
pure compounds and in compound hop fractions, such as humulone, lupulone and xanthohumol [15-17].

Considering the need for new natural products for the decontamination of orthodontic materials,
the hypothesis tested was that the disinfectant agent based on hydroalcoholic extract of hops would have
the same disinfection capacity as the others against S. mutans found in distal cutting pliers. Thus, the present
study aimed to characterize and develop a hop extract disinfectant solution and to evaluate the efficacy of
a solution based on Humulus lupulus extract (hops) in the disinfection of orthodontic distal cutting pliers
contaminated with S. mutans.

METHODS
Sample sizing

The sample size was calculated using the G*Power software. Considering the power of the test of
0.80, a significance level of 5% and a large effect size, a minimum number of three pliers per group was
reached (5 groups, n=3).

The sample consisted of 15 distal cutting pliers (Leontool, Miami, FI, USA), from the same batch of
manufacture, without grooves, wear or fractures, and were divided into 5 groups: G1/AUT - autoclaved
(negative control); G2/CNT - contaminated by S. mutans (positive control); G3/CLX — Chlorhexidine
2%; G4/HOP — 5% Hops Extract; G5/ALC — 70% alcohol.

Obtaining and characterizing the plant extract of Hops (Humulus lupulus)

The hop extract used in this research was commercially acquired under the name Hopsteiner (Hopsteiner,
New York, NY), and has the following specifications: amber aqueous solution, Tetrahydroiso-Alpha-Acids - 9.5 to
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10.5% p.p., pH 9.0 to 11.0, density at 209C from 1.012 to 1.022 g/ml, stored in a closed package in a cold
place (5 to 159C), stable at elevated temperatures during transport without significant impact on product
quality, as long as the outer and inner packaging is preserved.

The extract was extracted from the pelleted hops through the supercritical extraction process, a
technique that uses Carbon Dioxide (CO,) for an extraction developed for essential oils and volatile materials,
thus maintaining the properties of the extracted substances, without causing decomposition [15].

Analysis of Hops (Humulus lupulus) plant extract by Gas Chromatography coupled to Mass
Spectrometry (GC/MS)

Gas chromatography analysis coupled to mass spectrometry (GC/MS) of the extract was performed
according to the modified method previously described [18,19]. Aliquots of 400 pL of the sample were
placed and added to 1 ml of a trimethylsil solution for silanization. The samples were analyzed in a gas
chromatograph (HP-6890, Agilent Technologies, Avondale, PA, USA) coupled to the mass spectrometer
(HP-5975, Agilent Technologies, Avondale, PA, USA). The analysis was performed under the following
chromatographic conditions: DB-5MS capillary column (J&W Scientific, Palo Alto, CA; 60 m X 0.25 mm X
0.25 um). Detector operating at 70eV in “scan” mode (m/z 40-400). The temperature was programmed
from 502C (0.3 min) to 2859C (15 minutes), with an increment of 6°C/min. The samples (0.5 pL) were
injected by an auto-injector, using the “spitless” injection technique. Retention times were compared [20],
and under these conditions the resulting peaks were analysed [21]. The integration was done through the
equipment’s specific software [20].

Preparation of disinfectant solutions

The 5% v/v hop solution was manipulated from the commercially obtained extract of the plant
[15-22]. The plant extract was added to the formulation followed by homogenization and supplemented
with purified water gsp until the final volume. The alcoholic solution of Chlorhexidine 2% was composed of
2g/100 ml of Chlorhexidine Digluconate, with purified water gsp. The 70% alcohol solution used was the
commercial brand Farmax (Divindpolis, MG, Brazil) with 70% Ethyl Alcohol (w/w) as its composition, and
purified water gsp as an excipient.

Microbiological analysis

The pliers (n=3), previously sterilized by autoclaving, were submitted to a contamination protocol
by immersion in a microbiological suspension [22]. Briefly, for the preparation of the inoculum, the
microorganism S. mutans ATCC UA159 was seeded in Petri dishes containing Mitis Salivarium Agar (MSA).
After the incubation period of 24 hours at 372 C in microaerophilia, the microorganisms were inoculated
in BHI liquid culture medium and the absorbance adjusted in a spectrophotometer between 0.08 and 0.10
with a wavelength of 625 nm, resulting in a concentration equivalent to 1.5X108 cells/ml. After this period,
the liquid culture was distributed in 15 sterile Becker beakers, 30 ml being used in each. Then, the active
part of the pliers was immersed in the respective beckers for 2 min so that their contamination could occur
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and a wash was performed in Phosphate-Buffered Saline solution (PBS) to remove culture medium and
non-adhered cells.

After contamination, the active part of each pliers was immersed for 3 minutes in Becker containing
30 ml of the respective disinfectant experimental solutions. Then, washing was performed again in PBS
solution so that there would be no loading of the decontaminating agent for the next phase. A sterile swab
moistened in saline solution was rubbed for 15 seconds on the surface of the active tip of each pliers of all
experimental groups and introduced into a test tube containing 2 mL of sterile saline solution (suspension)
stirred for 1 min to be later diluted and inoculated in MSA, and then placed in an oven at 37°C for 24 h in
microaerophilia [22].

For all experimental groups based on this suspension, 3 dilutions were prepared in sterile 0.9%
saline solution (1:10, 1:100, 1:1000). Seeding was performed from the pure suspension (undiluted) and its
dilutions, and 0.1 ml of each solution was individually transferred to the surface of Petri dishes containing
MSA to count CFU/ml of S. mutans. This material was spread on the surface of the media prepared by a
glass Drigalski handle. After sowing, the plates were incubated at 37°C for 48 hours in microaerophilia [22].

After the incubation period, CFU/ml of the seeded Petri dishes were counted after disinfection
treatments for all experimental groups. According to standard microbiotic techniques, plates containing
between 30 and 300 bacterial colonies were selected for reading [22].

Methodology of statistical analysis

For the chemical analyses, a descriptive analysis of the chemical compounds constituting
the Hops extract was used. For the results of the microbiological analysis (CFU/ml), the exploratory
analysis indicated the logarithmic transformation so that the data would meet the assumptions of a
parametric analysis. After transformation, the data were submitted to analysis of variance (ANOVA)
ina5x4+1factorial scheme (5 treatments x 4 dilutions + control group) and Tukey’s test considered
a significance level of 5%. The analyses were performed at SAS and R (R Foundation for Statistical
Computing, Vienna, Austria).

Ethical approval statement

The study was submitted and approved as a simplified project to the Animal Research Ethics
Committee — CEUA — under opinion No. 026/2018.

RESULTS

The identification of the chemical composition of the hop extract was performed by GC/MS, and its
chromatogram was represented in Figure 1, and the compounds that were possible to identify are described
in Table 1. According to the results obtained from the analysis of the retention rates of the hops extract,
it was possible to identify two major components, being the a-acids (humulones) and B-acids (hopones)
identified by comparison with the data obtained from the GC-EM and from authentic methylated and eluted
patterns under the same conditions [20].
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Table 1. Identification of major compounds present in hops extract (Humulus lupulus L.).

Extract tR (min) Identification % rel.
27 Lupulone (B-acid) 26.25
Hops .
40 Humulone (a-acid) 39.95

Note: tR: Retention time in minutes; % rel.: Relative percentage.
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Figure 1. Chromatogram of the Hop Extract (0-50min).

In relation to the microbiological analyses, the pliers of the G1/AUT group did not present CFU
formation in any of the dilutions analyzed, as shown in Table 2. All experimental groups did not differ
significantly from the G1/AUT group (p>0.05), except for G5/ALC at the 1:1000 dilution, which has only
48,23% of decontamination percentage. In the pure suspension, 1:10 and 1:100, G2/CNT had a significantly
higher mean CFU than the other groups evaluated (p<0.05), except for the 1:1000 dilution, which did not
differ from the G5/ALC group. There was no significant difference in the mean amount of CFU/mL in relation
to the dilutions for the G1/AUT, G3/CLX and G4/HOP groups (p>0.05). G4/HOP had a decontamination
percentage between 93,18% for 1:1000 dilution up to 99,10% for pure solution.

DISCUSSION

The monitoring of the disinfection of distal cutting pliers must be carried out effectively because it
is a semicritical material that comes into contact with the patient’s intact skin and mucosa [1]. In this sense,
S. mutans has been the microorganism used in research aimed at monitoring and controlling the action of
disinfectants for dental use [23,24]. It can also be inferred that the search for natural disinfectant solutions
has taken place [25,26].

The hypothesis of the present study that the disinfectant agent based on 5% hops extract would be
able to control the microbiological control of S. mutans was accepted. It can be evidenced that among the
various disinfectant solutions tested in the present study, the solution based on Hops Extract (G4) showed
the same antimicrobial efficacy when compared to the autoclave and the Chlorhexidine 2% solution. There
was no significant difference in the mean amount of CFU/ml of S. mutans after the use of each of the
solutions.
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Table 2. Mean (standard deviation) of colony-forming units (CFU/ml) and percentage of decontamination (%) as a function of treatment and dilution

(pure, 1:10, 1:100, 1:1000).

Treatment Diluition
Pure 1:10 1:100 1:1000
CFU/ml Decontamination CFU/ml Decontamination CFU/ml Decontamination CFU/ml Decontamination

(%) (%) (%) (%)
G1/AUT *0.00 (0.00) Ab 100 *0.00 (0.00) Ab 100 *0.00 (0.00) Ab 100 *0.00 (0.00) Ab 100
G2/CNT *74.67 (4.51) Aa 0 *63.17 (8.00) Aa 0 *30.00 (5.57) Ba 0 *12.17 (4.86) Ca 0
G3/CLX *1.17 (2.02) Ab 98.43 *0.50 (0.87) Ab 99.20 *0.00 (0.00) Ab 100 *0.50 (0.87) Ab 96.06
G4/HOP *0.67 (0.29) Ab 99.10 *0.67 (0.76) Ab 98.94 *0.83 (0.76) Ab 97.23 *0.83 (1.04) Ab 93.18
G5/ALC *3.17 (3.88) ABb 95.75 *3.17 (1.53) ABb 94.98 *0.83(0.76) Bb 97.23 *6.33(2.05) Aa 48.23

Note: Untreated control: Mean=103.67 (standard deviation=16.01). *Differs significantly from the untreated control group (p<0.05). Averages followed by distinct
letters (uppercase horizontally and lowercase vertically) differ from each other (p<0.05). p (dilution) <0.0001; p (treatment) <0.0001; p (treatment x dilution)

<0.0001.
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A similarity of results between chlorhexidine and hops has also been evidenced in the literature,
exposing a decrease in the growth of S. mutans, corroborating the results presented in the present
study. The group submitted to autoclaving did not differ significantly from the other experimental groups
evaluated, evidencing the absence of bacterial growth due to exposure to the high temperature and pressure
characteristic of this sterilization method, and that interferes with the viability of the microorganism [9,27].

It should be noted that the autoclave has been considered by the literature to be the gold standard
in the sterilization and disinfection of instruments [23,28] and that chlorhexidine has been identified as the
reference agent in the control of infections caused by Gram-positive bacteria, mainly against Streptococcus
[11,28,29].

Another substance to be considered was 70% alcohol, which has been the most used method in
disinfection in dental clinics [30]. However, a lower efficiency of this solution as a disinfectant for instruments
has been demonstrated in the literature [4,9,31], which corroborates the results obtained in this study. We
revealed a low antimicrobial potential of the 70° Alcohol-based disinfectant (G5).

The compounds humulone and lupulone from hops extract were identified as the majority in this
study by means of GC/MS. They are widely cited in several studies regarding their effective antimicrobial
action against gram-positive bacteria, in particular the Streptococcus [14,15,32], corroborating the data
presented in this work. These same active compounds were also identified in another study as present in
the total resins of bitter hops and caused changes in the pH of the bacterial membrane of S. mutans.
which is responsible for causing a change in its permeability, and an extravasation of intracellular
substances [14].

Recent studies have also demonstrated other components of hops such as xanthohumol (not
found in this research) as an antimicrobial agent on anaerobic bacteria, such as Bacteroides fragilis
and Clostridium perfringens, and an anti-fungal action in the inhibition of Trichophyton spp [33]. These
controversies regarding the findings of the present study can be attributed to the fact that the chemical
composition of hop compounds can be altered by several factors, such as: hop variety, extractive method,
growing conditions, ripeness point at the time of harvest, drying conditions, contact with oxygen from the
air and storage conditions [34].

Despite hop extract demonstrating the same efficacy as chlorhexidine as a disinfectant agent, we
propose a new use of this substance as an alternative for orthodontic plier disinfection. This alternative could
be a new substance from natural sources, lower adverse effects, less toxicity and maybe environmental or
economic advantages.

The absence of pre-washing of the instruments, although recommended by the literature to removal
part of the organic matter before the use of disinfectant solutions [35], did not result in lower efficiency of
the various solutions studied. But additional studies are suggested analyzing the effectiveness of the hop
extract solution against other microorganisms, and evaluation of other times and forms of application.
Maybe a multi species biofilm may result in different outcomes.

CONCLUSION

It can be concluded that the 5% hops extract solution was a disinfectant agent with efficacy superior
to 70% alcohol in the microbiological control of S. mutans and with the same antimicrobial efficacy as
chlorhexidine 2%.
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