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Significance: Methods employed for preventing and eliminating biofilms are
limited in their efficacy on mature biofilms. Despite this a number of anti-
biofilm formulations and technologies incorporating ethylenediaminete-
traacetic acid (EDTA) have demonstrated efficacy on in vitro biofilms. The aim
of this article is to critically review EDTA, in particular tetrasodium EDTA
(tEDTA), as a potential antimicrobial and antibiofilm agent, in its own right,
for use in skin and wound care. EDTA’s synergism with other antimicrobials
and surfactants will also be discussed.

Recent Advances: The use of EDTA as a potentiating and sensitizing agent is
not a new concept. However, currently the application of EDTA, specifically
tEDTA as a stand-alone antimicrobial and antibiofilm agent, and its syner-
gistic combination with other antimicrobials to make a “multi-pronged” ap-
proach to biofilm control is being explored.

Critical Issues: As pathogenic biofilms in the wound increase infection risk,
tEDTA could be considered as a potential “stand-alone” antimicrobial/anti-
biofilm agent or in combination with other antimicrobials, for use in both the
prevention and treatment of biofilms found within abiotic (the wound dress-
ing) and biotic (wound bed) environments. The ability of EDTA to chelate and
potentiate the cell walls of bacteria and destabilize biofilms by sequestering
calcium, magnesium, zinc, and iron makes it a suitable agent for use in the
management of biofilms.

Future Direction: tEDTA’s excellent inherent antimicrobial and antibiofilm ac-
tivity and proven synergistic and permeating ability results in a very beneficial
agent, which could be used for the development of future antibiofilm technologies.
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SCOPE AND SIGNIFICANCE

ETHYLENEDIAMINETETRAACETIC ACID
(EDTA) is a well known metal-
chelating agent, extensively used for

In the case of veterinary medicine,
EDTA is formulated as an EDTA so-
lution that is commercially used to
treat biofilm-related infections with-

the treatment of patients who have
been poisoned with heavy metal ions
such as mercury and lead. More re-
cently EDTA has been used as a
permeating and sensitizing agent
for treating biofilm-associated con-
ditions in dentistry, on medical de-
vices, and in veterinary medicine.
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in the ears of dogs.! In human med-
icine EDTA is presently formulated
into commercially available wound
dressings that are used to modulate
matrix metalloproteinases (MMP) and
manage wound infections.? EDTA
compositions are also being devel-
oped and employed for reducing
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biofilms in intravascular and urinary catheters
and therefore represents an antibiofilm agent,
which can significantly help to reduce catheter-
related bloodstream infections.>® EDTA has been
utilized for the control of microorganisms and bio-
films often by being combined with other actives,
which have included alcohol, antibiotics, citric acid,
polyhexamethylene biguanide (PHMB) quater-
nary ammonium compounds, silver, iodine, sur-
factants, and other antiseptics.

There is growing evidence that EDTA, specifi-
cally tetrasodium EDTA (tEDTA), is an antimi-
crobial and antibiofilm agent in its own right.
Based on the characteristics of EDTA it is the aim
of this article to critically review tEDTA as a po-
tential antimicrobial and antibiofilm agent for use
in skin and wound care.

TRANSLATIONAL RELEVANCE

Infections are a significant problem in many
medical and environmental situations. These in-
fections are caused by an array of different micro-
organisms including bacteria, protozoa, fungi,
yeasts, and viruses. The prevention of infections,
and reduction or elimination of an infection once it
is established is of importance,® particularly in the
area of skin and wound care. Environments that
increase a patient’s risk to infection include the
surfaces of objects (internally and externally), flu-
ids and fluid conduits. In healthcare, infections
lead to longer hospital stays for patients and in-
creased hospital costs. Even worse, a large number
of patient deaths are attributed to infections.

In wound care specifically wound dressings are
routinely used in the management of wounds.
However, often overlooked is the fact that the
wound dressing itself constitutes a potential major
source of infection, a hypothetical phenomenon re-
ferred to as the “ping-pong pathogenicity theory.””
The model suggests that biofilms, which grow on
the surface of a wound dressing, will disseminate
and slough off into the wound bed. The virulence
of these detached biofilms will be high, when
compared with that of the individual planktonic
microbes found within the wound exudate. Conse-
quently, the microbial load within the wound bed
will increase and the tolerance to antimicrobial
interventions will be enhanced overall by the pre-
formed biofilm disseminating from the wound
dressing and entering the wound bed.

Wound dressings are being extensively used for
the delivery of actives and antimicrobials to both
prevent and treat wound infections; however, they
must also be able to control the biofilm that forms

on them, the abiotic biofilm.®° As pathogenic bio-
films in the wound prolong wound healing and in-
crease its infection risk EDTA should be considered
a potential agent, either alone or depending on the
clinical requirements in combination with antimi-
crobials and surfactants, for use in the prevention
and management of biofilms within both the abiotic
and biotic environment. The effect of EDTA and its
ability to chelate and potentiate the cell walls of
bacteria and its ability to destabilize a biofilm by
sequestering calcium, magnesium, zinc, and iron
makes it a suitable agent for use in the prevention
and management of biofilms. However, further
clinical and in vitro evidence is required to warrant
its usage in both acute and chronic wounds.

CLINICAL RELEVANCE

Microorganisms are found contaminating or
colonizing all wounds.'® When a wound is colonized
with microorganisms they survive as polymicrobial
communities encased within a matrix of extracel-
lular polymeric substance (EPS). This community
of microorganisms are attached to each other, often
in conjunction with a surface, and form cellular
aggregates. These cellular aggregates are referred
to as microcolonies. The combination of a com-
munity of microorganisms, encased within self-
generated EPS and attached onto a surface (liquid
or solid) is simply defined as a biofilm.*°

Biofilms form within all wounds but presently
used practices prevent a true picture of their inci-
dence, prevalence, and pathogenicity.'®!! The
properties of the biofilm provide a barrier to
phagocytic host cells and antimicrobial agents, in
particular antibiotics, which delay wound healing
and increase a patient’s infection risk. One specific
mechanism that a biofilm possesses, in its defen-
sive armory, is the ability to sequester antimicro-
bials. This sequestration process is made possible
by the presence of EPS, which provides the biofilm
with an inherent tolerance to antimicrobial inter-
ventions. Consequently, the use of antimicrobials
alone to prevent and control biofilms is often re-
ported to be unsuccessful in medical conditions and
on medical devices. This is due to the fact the an-
timicrobials in general are specifically designed
and developed to kill microorganisms not to “break
up” the “house” of the biofilm.

A common treatment in both dentistry and the
food/water industry is the use of antibiofilm agents,
such as EDTA for controlling biofilms. Such an
approach could be considered appropriate for pre-
venting and treating biofilms in wounds and other
areas linked to the healthcare environment.'?
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BACKGROUND

Free-floating or planktonic microorganisms are
generally vulnerable to antimicrobials. However,
when microorganisms attach to a surface, the
predominant microbial state, they often become
recalcitrant to many antimicrobials. As discussed,
this is because at any biotic or abiotic surface mi-
croorganisms proliferate culminating into the for-
mation of an antimicrobial tolerant biofilm. Biofilm
formation is a natural, inherent, and genetically
controlled process that occurs in the life cycle of
microbes within both the natural and medical en-
vironments. The development and complete for-
mation of a biofilm community occurs in several
phases forming within a few hours. However, this
rate of growth is influenced by environmental
surroundings and the physical and chemical com-
position of the surface.

As microorganisms develop into a biofilm sig-
nificant upregulation of cellular processes by the
microorganisms occurs, which ultimately increases
their tolerance to antimicrobials, when compared
with planktonic growth. Evidence of biofilm toler-
ance to antimicrobials and immune responses has
been documented in many studies and has also
been highlighted within in vivo studies in animal
wounds. Many chronic wound infections are the
result of biofilm formation by microbes, which
contributes to the delayed healing process ob-
served.!3~1°

DISCUSSION OF FINDINGS AND RELEVANT
LITERATURE

The ability of the EPS within the biofilm to se-
quester and degrade therapeutic agents indicates
a possible key factor as to why many chronic
wounds fail to heal in a timely manner. In very
early studies polysaccharides were thought to be
the major component of EPS. However, more
recently it has been shown that EPS is a hetero-
geneous matrix of polymers, including polysac-
charides, proteins, nucleic acids, glycoproteins,
metal ions, and phospholipids.'® The composition
of EPS will be determined by the location of the
biofilm and its microbiota.

As discussed within biofilms microorganisms are
known to exhibit an altered phenotype, with dif-
ferent growth and metabolic rates when compared
to planktonic microbes. Further to this the syner-
gistic interaction of microorganisms, which coin-
habit within the multispecies biofilms, also adds
another obstacle impeding effective treatment.
Wound biofilms are not composed of single indi-
vidual microbes. The synergistic interactions be-

tween microbes add complexity to the biofilm’s
chemical and biological make up, which aid en-
hanced tolerance to fluctuating pH, temperature,
nutrients, antimicrobials, and enhanced virulence
when interactions between aerobic and anaerobic
species occurs.!” Strategies for disrupting the pro-
tective biofilm EPS in wounds would be advanta-
geous because this would allow antimicrobials to
penetrate and kill the residing microbes that are
otherwise protected by the EPS.

EDTA is a typical antimicrobial and chelating
agent that has been previously used to extract the
EPS from a variety of bacterium for composition
determination.’® EDTA has been used to decrease
the cation concentration and so increase EPS water
solubility and availability to antimicrobials by re-
duction in crosslinking of the EPS.®

Uses of EDTA in healthcare

Healthcare areas in which infections and bio-
films present a problem, and where the use of
EDTA, particularly tEDTA may be useful include
medical devices and materials used in connection
with the eyes, such as contact lenses, wounds,
scleral buckles, suture materials, intraocular len-
ses, catheters, catheter insertion points, endotra-
cheal tubes, skin, and the like. Certain forms of
EDTA have been utilized for treating many of these
infections. One example would be the use of tEDTA
instead of heparin. In view of its low cost, effec-
tiveness as an anticoagulant, antibiofilm, and an-
timicrobial activity tEDTA, in particular, has been
proposed as a replacement for heparin solutions for
the maintenance of intravenous catheters in pa-
tients.%’

EDTA is presently used intravenously for heart
and blood vessel conditions including irregular
heartbeat, atherosclerosis, angina, high blood pres-
sure, and high cholesterol. Due to calcium being
found in atheromatous plaques, early researchers
have hypothesized that EDTA might be effective in
treating ischemic heart disease by liberating plaque
calcium with subsequent positive changes to the
properties of the plaque.?!

Use of EDTA as an antiseptic

The effect of EDTA on bacteria was reported 50
years ago.?? Numerous EDTA compositions and
combinations provide powerful antiseptic activities
and function as antimicrobial agents against bac-
teria and pathogenic yeast.?> EDTA compositions
are highly effective in eliminating existing bio-
films, and preventing biofilm formation.?*25

The majority of EDTA based antiseptic solutions
generally consist of, at least one EDTA salt in so-
lution with efficacy determined by the pH of the
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environment being treated. The sodium salts of
EDTA commonly used as antiseptics or antibiofilm
agents include disodium, trisodium, and tetra-
sodium salts. However, other EDTA salts, including
ammonium, di-ammonium, potassium, di-potassium,
cupric disodium, magnesium disodium, ferric so-
dium, and other combinations have been shown to
have antimicrobial and antibiofilm capabilities.?>?
The pH of the disinfecting environment will affect
efficacy of EDTA and should be a factor of signifi-
cance during antibiofilm design. For example, a 5%
solution of disodium EDTA has a pH of 4.0-5.5,
trisodium EDTA a pH range of 7.0-8.0, and tEDTA
8.50-10 and above as specified in the British Phar-
macopoeia. For the use of EDTA at physiological pH
there will be a combination of sodium EDTAs that
exist, namely disodium and trisodium EDTA, with
the trisodium salt of EDTA predominating.

EDTA as a potentiating agent

Walsh et al.?” suggested that the binding of
cations by EDTA and subsequent weakening of the
microbial cell may be responsible for the potentia-
tion against planktonic Staphylococcus aureus.
Sharma et al.?® reported that EDTA enhances the
use of a photodynamic agent against S. aureus
biofilms, with EDTA reported to act as a sequester
of Mg®* and Ca®* from the EPS of the biofilm. In a
more recent study Yoshizumi et al.?? reported that
Ca-EDTA was used to enhance the activity of imi-
penem on a model sepsis mouse model. The po-
tential of EDTA to enhance antimicrobials® and
photodynamic agents is not a new concept and
has been realized for decades with other examples
readily available.??3! Table 1 provides a brief
overview of some of the combinations of EDTA with
antimicrobial agents commonly researched.

EDTA chemistry

The structure EDTA,* is the conjugate base that
is the ligand, and H4EDTA, is the precursor to
that ligand. At very low pH the fully protonated
H¢EDTA?* form predominates, whereas at very
high pH or very basic conditions, the fully depro-
tonated EDTA*~ form is prevalent.®? EDTA has
traditionally been useful as a metal chelator due to
its high density of ligands and resulting affinity
for metal ions with binding typically occurring
through its two amines and four carboxylate
groups. Figure 1 shows the conjugate base of
EDTA.

Mode of action

The antimicrobial effects of EDTA have been
demonstrated for a range of clinical microorgan-
isms that include Gram-negative and -positive

Table 1. Combination of ethylenediaminetetraacetic
acid with various antimicrobial agents

Antimicrobial Agent Planktonic Biofilm
(in Combination with EDTA) Bacteria Bacteria Reference
Eugenol Staphylococcus z
aureus
Pseudomonas
aeruginosa
Toluidine Staphylococcus B
epidermis
Imipenem Escherichia coli 29

Polymyxin B sulfate z

Benzylalkonium chloride
Chlorohexidine diacetate

Penicillin E. coli
Oxytetracydine

Chloramphenicol

Benzalkonium chloride

Cetylpyridinum

Chloroxylenol

Tricolsan

Chlorohexidine

P. aeruginosa

45

P. aeruginosa 4

EDTA, ethylenediaminetetraacetic acid.

bacteria, yeasts, amoeba, and fungi. The integrity
of the outer leaflet of the outer membrane of Gram-
negative bacteria is maintained by hydrophobic
lipopolysaccharide (LPS) interactions and LPS-
protein interactions. Divalent cations such as
Mg?* are essential for stabilizing the negative
charges of the oligosaccharide chain of the LPS
component. EDTA has been shown to remove Mg?™*
and Ca®" ions from the outer cell wall of Gram-
negative bacteria, thereby liberating up to 50% of
the LPS molecules and exposing phospholipids of
the inner membrane, enhancing the efficacy of
other antimicrobials.®® Similarly, the effect of
EDTA on yeasts is said to act by complexing with
the Mg and Ca ions of the membrane with the dif-
ferent efficacies of EDTA being attributed to the
different yeast species. This effect could be due to
the subtle differences in the phospholipid compo-
sition of the membranes. The antifungal activity of
EDTA is said to be likely via the inhibitory affect on
growth causing fungal death by competing with
siderophores for any of the trace iron and calcium
ions that are essential for the maintenance of the
life cycle of fungi.®*

Control of biofilms with EDTA

Methods presently employed for preventing and
eliminating biofilms are limited specifically in their
efficacy on mature well-established biofilms with a
complex polymicrobial microbiology. Despite this a
number of antibiofilm formulations and technolo-
gies have demonstrated efficacy. These include ly-
tic enzymes, which are thought to breakdown the
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Figure 1. Chemical structure of EDTA. Left. Conjugate base of ethylenediaminetetraacetic acid (EDTA) fully protonated. Right. disodium EDTA.

EPS, use of bacteriophages, ultrasonic waves,
electrolytic agents, quorum-sensing blocking
agents, maggot therapy, topical negative pressure,
and gallium compounds. Aside from these, over the
last decade, EDTA has demonstrated very good
efficacy on biofilms when used by itself as tEDTA.

At low concentrations EDTA has been shown to
prevent biofilms by inhibiting the adhesion of
bacteria.?® Furthermore, it has also been shown to
reduce biofilm colonization and proliferation.®® A
study by Juda et al.>” demonstrated that biofilm
formation could be inhibited, after 72h by treat-
ment, with 2mM EDTA. A later study by O’May
et al.®® showed that EDTA was dose-dependent in
its efficacy in both preventing and reducing biofilm
development. Studies by Percival et al.3° reported a
significant reduction in biofilms when treated with
different EDTA compositions and solutions. A later
study by Banin et al.?® demonstrated that treat-
ment with 50 mM EDTA resulted in biofilm disso-
lution. Lambert et al.® has shown a nonlinear
relationship between a range of antimicrobials and
EDTA.

The action of EDTA may enhance the thera-
peutic effect of other antimicrobials by disrupting
the biofilm structure in which the target microor-
ganisms are encased. This has been reported by
Percival et al.*°

Use of EDTA in wound care

Commercially available wound care products
that contain EDTA include RescuDerm® (Noci-
Pharm, Inc., Toronto, ON, Canada) and Biostep®
(Smith & Nephew Wound Management, Inc., Largo,
FL). RescuDerm is available as a water-soluble gel
that contains 0.1% EDTA. In addition to EDTA it

contains acetic acid, citric acid, and carbopol. The
antibiofilm ability of RescuDerm has been demon-
strated on in vitro grown Pseudomonas aeruginosa
and Staphylococcus epidermis biofilms.** Further-
more, Martineau and Dosch*? demonstrated the
ability of RescuDerm to prevent P. aeruginosa bio-
film in full-thickness wound models in rats.

The Biostep collagen dressing is an MMP in-
hibiting dressing.? With this technology it could
be assumed that EDTA acts to chelate cations,
thereby enzymatic activity, which is known to be
contributing to wound inflammation. Further,
EDTA would provide antibiofilm ability by chelat-
ing calcium and magnesium ions, which maintain
the structure of the biofilm, and remove iron which
is vital to microbial virulence and pathogenicity.
Interestingly Biostep-Ag® has been developed and
commercialized. The combination of EDTA and
silver is known to have a significant antibiofilm
ability as reported in the patent application by
Percival et al.°

SUMMARY

EDTA, in particular tEDTA, clearly has both
antimicrobial and antibiofilm properties.**** Fur-
thermore, when combined with different antimi-
crobials its synergistic ability for enhancing the
antimicrobial efficacy is also evident. As nonheal-
ing wounds are a direct result of the presence,
persistence, and growth of pathogenic biofilms
EDTA could be very useful not only for the removal
of biofilms, when used by itself, but also when used
alongside appropriate antimicrobials and surfac-
tants. tEDTA’s excellent proven safety and anti-
microbial/antibiofilm ability makes it an ideal
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candidate for use in the development of
future antibiofilm technologies.
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Abbreviations and Acronyms

EDTA = ethylenediaminetetraacetic acid
EPS = extracellular polymeric substance
LPS = lipopolysaccharide

MMP = matrix metalloproteinase

tEDTA = tetrasodium EDTA




