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ABSTRACT

Local anesthetics are commonly used in medicine and dentistry and have a low cost, but their action as a
microbicidal agent is still controversial. This study aimed to evaluate the antimicrobial effects of lidocaine
against bacteria that most commonly infect surgical wounds. We evaluated Staphylococcus aureus,
Staphylococcus epidermidis, Escherichia coli, Proteus mirabilis and Enterococcus faecalis. The solutions
tested were saline, chlorhexidine, lidocaine (solution and pure) and an antibiotic solution. The agar
diffusion test was performed using Petri dishes. The agar plates were made in duplicate and incubated in an
oven at 37°C for 48 h. Subsequently, the inhibition halos were measured. The plates tested with lidocaine
(pure or solution) presented no inhibition halo. The antibiotic solution presented the largest inhibition
halos for all the bacteria (p<0.05). Chlorhexidine formed an inhibition halo similar to that of the antibiotic
solution for Escherichia coli (p>0.05). Lidocaine did not present an antimicrobial effect for any of the tested
bacteria. However, the antibiotic solution and the chlorhexidine inhibited the growth of all bacteria.
Keywords: anti-bacterial agents, bacteria, wound infection, anesthetics, prostheses and implants.

A LIDOCAINA TEM EFEITO ANTIMICROBIANO FRENTE AOS PRINCIPAIS PATOGENOS QUE INFECTAM
FERIDAS? UM ESTUDO IN VITRO

RESUMO

Os anestésicos locais sdo comumente usados em medicina e odontologia e tém baixo custo, mas sua agdo
como agente microbicida ainda é controversa. Este estudo teve como objetivo avaliar os efeitos
antimicrobianos da lidocaina contra bactérias que mais comumente infectam feridas cirdrgicas. Foram
avaliados Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Proteus mirabilis e
Enterococcus faecalis. As solugbes testadas foram solugdo salina, clorexidina, lidocaina (solugdo e pura) e
uma solugdo antibidtica. O teste de difusdo em agar foi realizado com placas de Petri. As placas de agar
foram feitas em duplicata e incubadas em estufa a 37°C por 48 h. Posteriormente, os halos de inibi¢cdo
foram medidos. As placas testadas com lidocaina (pura ou solugdo) ndo apresentaram halos de inibicdo. A
solucdo antibidtica apresentou os maiores halos de inibicdo para todas as bactérias (p<0,05). A clorexidina
formou um halo de inibicdo semelhante ao da solucdo antibidtica para Escherichia coli (p>0,05). A lidocaina
ndo apresentou efeito antimicrobiano para nenhuma das bactérias testadas. Entretanto, a solucdo
antibidtica e a clorexidina inibiram o crescimento de todas as bactérias.

Palavras-chave: agentes antibacterianos, bactérias, infeccdo dos ferimentos, anestésicos, proteses e
implantes.
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INTRODUCTION

Surgical site infections are common, with
an incidence of 1.5% to 5% for all types of
surgery’. Although more than 99% of surgical
patients receive prophylactic antibiotics, the
incidence of postoperative infections remains
high, negatively impacting patient outcomes and
increasing health costs from S1 to $10 billion per
year’.

The bacteria that most commonly infect
wounds of the most diverse types are
Staphylococcus  aureus, Proteus  mirabilis,
Escherichia coli, Staphylococcus epidermidis,
Pseudomonas aeruginosa, Corynebacterium spp.,
coagulase-negative staphylococci and Klebsiella
spp.”™.  Staphylococcus aureus is the most
incident bacterium independent of the type and
location of the wound and is therefore also the
most evaluated bacterium in relation to
antimicrobial agents. The incidences of the other
bacteria are influenced by the type and location
of the wound **.

Infection is detrimental to wound healing,
and infection of a wound plays a major role in the
development of chronicity, delaying cures’. The
diagnosis and treatment of wound infections are
controversial and vary among clinicians”.

The efficacy of other treatments, in
addition to antibiotic therapy, for bacterial
infections has been evaluated in both medicine
and dentistrys, in order to reduce their incidence
and repercussions.

There is evidence to suggest that local
anesthetics  have inherent  antimicrobial
properties against a broad spectrum of human
pathogens. Multiple local anesthetics at
concentrations typically used in clinical settings
inhibit the growth of various bacteria and fungi
under a variety of conditions ”.

Infections of surgical sites are common,
even in patients using prophylactic antibiotic
therapy. This causes morbidity and a possible
decrease in the quality of life for patients, in
addition to higher costs associated with their
treatment. Local anesthetics are commonly used
as an agent for preoperative analgesia in
medicine and dentistry and have a low cost, but
their action as a microbicidal agent is still
controversial.

The aim of this study was to evaluate
whether lidocaine has an antimicrobial effect
against infection caused by the bacteria species
that most commonly infect surgical wounds
compared to the usual therapies.
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METHODOLOGY

The following bacterial strains were used
in the study (Microbiologics, Inc., St. Cloud,
Minnesota, USA):

e Staphylococcus aureus subspecies aureus ATCC’
25923™

e Staphylococcus epidermidis ATCC® 12228™

e Escherichia coli ATCC" 25922™

* Proteus mirabilis ATCC" 25933™

e Enterococcus faecalis ATCC” 29212™

Sterile saline microorganism suspensions
were adjusted to the turbidity corresponding to
0.5 in the McFarland scale (1.5 x 10® colony
forming units).

The solutions used were: Pure lidocaine
(2% lidocaine without vasoconstrictor, HipolLabor,
Brazil); Lidocaine solution: 20 mL of lidocaine
(lidocaine 2% without vasoconstrictor,
HypoLabor, Brazil) to 500 mL of saline solution?;
Antiseptic used was 0.5% chlorhexidine
digluconate (Industria Farmacéutica Riogquimica
Ltda, Sdo José do Rio Preto, Sdo Paulo, Brazil);
Antibiotic solution: made with 1 g of cefazolin
sodium (Fazolon®, Blau Pharmaceuticals SA, Sdo
Paulo, SP, Brazil) and 80 mg of gentamicin sulfate
(gentamicin, Nova Farma Industria Farmacéutica
Ltda., Anapolis, GO, Brazil) diluted in 100 mL of
saline solution (0.9% NacCl)°.

The agar diffusion test was performed
using 15x150 mm Petri dishes containing
approximately 40 mL of Mueller-Hinton agar (for
the evaluation of Proteus mirabilis) or 40 mL of
blood agar (for the evaluation of all other
bacteria). The microorganism suspensions
(Staphylococcus aureus, Staphylococcus
epidermidis, Escherichia coli, Proteus mirabilis
and Enterococcus faecalis) were inoculated with
the aid of sterile swabs on the surface of the
agar. Afterwards, holes measuring 3 mm in
diameter and 3 mm deep were made in the agar.
Separate plaques received one drop (5uL) of each
solution in the orifice (saline, chlorhexidine,
lidocaine solution, pure lidocaine and antibiotic
solution). The agar plates were made in duplicate
and incubated in an oven at 37°C for 48 h°. Plate
reading was performed using a millimeter ruler to
measure the diameter of the inhibition halos.

Statistical analysis

Analysis of variance was used for each of
the solutions to test the mean of the inhibition
halos between the different bacteria and then
use the Tukey multiple comparisons test to
identify for which bacteria the solutions were
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most effective. The level of significance was set at
5%, and SPSS V.22 software was used to perform
the analyses.

RESULTS

Saline, pure lidocaine and the lidocaine
solution did not form inhibition halos for any of
the bacteria evaluated (Figure 1).

The largest inhibition halos were
observed for the antibiotic solution (p<0.001)
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(Figure 1 and Figure 2), except for the evaluation
of plaques inoculated with Escherichia coli, where
chlorhexidine produced an inhibition halo similar
to that of the antibiotic solution (p>0.05).
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Figure 1. Mean inhibition halo size in millimeters (mm) according to the bacteria and the inhibitory agent

used.

Regarding the analysis of the inhibition
halo produced by chlorhexidine, there was a
difference between the halo observed in the
analysis of the plate containing Staphylococcus
aureus and the halo observed in the plate
containing Staphylococcus epidermidis (p=0.046)
and the halo observed in the plate containing
Escherichia coli (p=0.001). The inhibition halo
associated with Staphylococcus epidermidis
differed from the halos associated with
Escherichia coli (p=0.007) and Proteus mirabilis
(p=0.027), and the inhibition halo associated with
Escherichia coli differed from the halos associated
with all other bacteria (p<0.05). The halo
associated with Proteus mirabilis differed from
the halos associated with Staphylococcus
epidermidis (p=0.027) and Escherichia coli
(p=0.001), and the inhibition halo associated with
Enterococcus faecalis differed only from the
inhibition halo associated with Escherichia coli
(p=0.001).

DISCUSSION
In this in vitro study, the plates tested
with a solution of lidocaine and pure lidocaine did
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not present inhibition halos. The antibiotic
solution presented the highest inhibition halos in
all of the bacteria tested. The chlorhexidine
formed a halo with a size similar to that of the
halo of the antibiotic solution for Escherichia coli.

The incidence of infected wounds and the
scarcity of studies evaluating the antibacterial
agents in relation to the other bacteria rather
than Staphylococcus aureus directed the choice
of those tested in this study.

Lidocaine, among the various
formulations of local anesthetics, is the most
commonly used in a plethora of small surgical
procedures in dental practice, emergency rooms,
outpatient clinics and surgical centers™.
Lidocaine is an inexpensive and easily
administrable anesthetic that is widely used by
surgeons 1 Therefore, its antimicrobial effect
was tested in our study and in previous studies.
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Figure 2. Analysis of Petri dishes seeded with
Staphylococcus aureus: A: Saline. B:
Chlorhexidine digluconate. C: Antibiotic solution.
D: Pure Lidocaine. E: Lidocaine solution. Culture
medium: Blood agar. White marking indicates the
inhibition halo.

In vivo models of surgical wound dressing
using lidocaine prior to the inoculation of
Staphylococcus aureus™ and with continuous
infusion of lidocaine in Staphylococcus aureus-
infected wounds™ demonstrated a decrease in
the bacterial counts of animals treated with this
anesthetic. However, other studies have not
shown any antimicrobial activity of local
anesthetics and their combinations in surgical
wounds of rats infected with Staphylococcus
aureus™™. In our study, lidocaine (pure or in
solution) had no antimicrobial effect for any of
the bacteria tested. Lidocaine probably has no
antibacterial effect but rather a tissue effect,
vasodilation activity or even proinflammatory
activity. There are anesthetics, such as ketamine
(a dissociative anesthetic), which are known to
have anti-inflammatory effects”® and influence
the course of infectious processes.
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A fact that reinforces the probable tissue
activity of lidocaine is the fact that a study
observed a significant decrease in the
Staphylococcus aureus count of lidocaine-treated
animals as well as a 20-fold increase with the
addition of epinephrine (a vasoconstrictor)
compared to a control group™. This could justify
the absence of antimicrobial action in our study
that was performed in vitro. In addition, it may
also justify the antimicrobial activity observed in
some in vivo studies and not in others.

Antimicrobial prophylaxis is the main
pharmacological measure effective in reducing
the risk of infection at the surgical site'. In the
present study, the solution combining two
antibiotics (cefazolin sodium and gentamicin
sulfate) presented the best antimicrobial effect,
forming large inhibition halos, as expected, even
when the two antibiotics were diluted in saline
solution.

In this study, chlorhexidine, a commonly
used antiseptic solution used in medicine and
dentistry®®®, showed an antimicrobial effect for
all of the bacteria tested, but with inhibition halo
formation approximately 40% smaller than that
of the antibiotic solution. In our study, the
exception occurred for the analysis of plates
inoculated with Escherichia coli, where the halo
formed by chlorhexidine was only 6% smaller
than that formed by the antibiotic solution. These
data show that the antimicrobial effect is
dependent on the bacteria evaluated not only for
antibiotics but also for antiseptics.

More in vivo studies focusing on the
possible tissue actions of lidocaine and
inflammatory cytokine responses are necessary
to determine whether lidocaine may or may not
help in the prophylaxis of surgical wound
infections.

On the basis of the data obtained from
this study, we conclude that lidocaine does not
present an in vitro antimicrobial effect. However,
the antibiotic solution has a good antimicrobial
effect against the bacteria tested, as does
chlorhexidine to a lesser extent, showing that
these two substances can be used to prevent
these infections.
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