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Surfactants: Role in biofilm management and cellular behaviour
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Appropriate and effective wound cleaning represents an important process that is
necessary for preparing the wound for improved wound healing and for helping to
dislodge biofilms. Wound cleaning is of paramount importance to wound bed prep-
aration for helping to enhance wound healing. Surfactant applications in wound
care may represent an important area in the cleaning continuum. However, under-
standing of the role and significance of surfactants in wound cleansing, biofilm pre-
vention and control, and enhancing cellular viability and proliferation is currently
lacking. Despite this, some recent evidence on poloxamer-based surfactants where
the surfactants are present in high concentration have been shown to have an
important role to play in biofilm management; matrix metalloproteinase modula-
tion; reducing inflammation; and enhancing cellular proliferation, behaviour, and
viability. Consequently, this review aims to discuss the role, mode of action, and
clinical significance of the use of medically accepted surfactants, with a focus on
concentrated poloxamer-based surfactants, to wound healing but, more specifically,
the role they may play in biofilm management and effects on cellular repair.
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1 | INTRODUCTION

Wound cleansing is now being considered essential and sig-
nificant for effective and timely acute and chronic wound
healing and biofilm management.1 Wound cleaning as
defined for this paper is “the ability to manage the elimination
of exudate, slough, necrotic debris, and associated microbial
contaminants, toxins, matrix metalloproteinases (MMPs) and
cytokines as well as dressing residue, without adversely
impacting cellular activity vital to the wound healing process
or colonising the underlying tissue with microorganisms and

detached biofilm.” Effective cleaning of a wound represents
an opportunity to advance wound care due to the possibility
that the procedures used will prevent and control biofilm.
Whilst biofilms have been identified in non-healing chronic
wounds, it is only relatively recently that, because of their
recalcitrance to both the immune system and antimicrobials,
their presence is being associated with prolonging wound
healing, increasing a wound’s propensity to infection and
delaying wound closure.2 In acute wounds, the development
of biofilms leads to chronic inflammation. This inflammation
is because of elevated levels of pro-inflammatory cytokines
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leading to an increase in neutrophils, macrophages, and mast
cells, which in turn leads to an increase in proteases and reac-
tive oxygen species (ROS).3 Overproduction of proteases and
ROS cause the breaking down of proteins, which are vital to
healing.3

For this paper, biofilms are referred to as microorgan-
isms that are attached to each other (aggregated or co-aggre-
gated) or to a surface and are encased within an extracellular
matrix, referred to as extracellular polymeric substance
(EPS).4 EPS represents the major component of the biofilm
(often comprising over 90% of its total volume) and is com-
posed of polysaccharides, proteins, metal ions (particularly
magnesium, calcium, and iron), lipids, and extracellular
DNA.5,6 The EPS matrix of the biofilm is often referred to
as the “house of the biofilm cells.”7

Similar to the microorganisms, for effective and
enhanced wound healing, the EPS of the biofilm also needs
to be reduced and removed from the wound surface and
wound bed to help facilitate faster wound healing. However,
present strategies and studies on the effectiveness of wound
dressings on biofilms have focused only on the ability of
these technologies to reduce and kill microorganisms within
the biofilm. This constitutes a major concern in a biofilm-
based management approach to wound management, partic-
ularly as the extracellular components of the biofilm are very
inflammatory and help to enhance rapid biofilm regrowth.
This was highlighted in a paper published by Nature in
2000.8 The study reported that the toll-like receptor nine rec-
ognises the methylated CpG DNA sequences that are com-
mon in bacterial DNA but are not present in human
(mammalian) DNA. This highlighted that the human innate
immune system is “primed” to recognise unique sequences
in bacterial DNA that are not present in human DNA. This is
a major factor that explains why the exopolymeric matrix of
bacterial biofilms is so inflammatory in patients. Conse-
quently, even if the microbes within the biofilms are dead,
but the EPS is still present, this can significantly delay
wound healing and increase inflammation and therefore
increase infection risk.8

Wound cleaning involves the use of debridement and
desloughing techniques and the use of antimicrobial-based
wound irrigating fluids, gels, and wound dressings as they
have all shown to help remove slough, devitalised tissue,
particulate matter, and planktonic microorganisms.1,9 Many
wound dressings have been shown to help enhance wound
cleaning and prepare the wound bed/environment. Often,
many of these wound dressings may contain surfactants, par-
ticularly in a concentrated format.1,4 Unfortunately, the role
that these surfactants play in wound healing are often not
investigated as they are generally considered to be of limited
value for helping with wound cleaning, biofilm manage-
ment, reducing inflammation, and enhancing cellular prolif-
eration and regeneration. However, the use of poloxamer-
based surfactants in wound healing is now being shown to

have a significant role to play in biofilm management, MMP
modulation, and cellular resuscitation/salvage.10–12

The focus of this paper is on surfactant-based wound
dressings, particularly those containing poloxamer. Other
agents that warrant discussion will also be briefly reviewed.
The role surfactants play in wound and biofilm management,
however, has not been discussed and reviewed in great detail
despite some recent publications highlighting their growing
significance as part of a anti-biofilm strategy.4,10–13 Conse-
quently, the aim of this review is to discuss wound cleaning
and the role, mode of action, and clinical evidence of the use
of surfactants in wound healing but, more specifically, the
role poloxamer-based surfactants may play in biofilm man-
agement and cellular healing.

2 | WOUND CLEANING: WHAT IS IT AND
WHY IS IT NECESSARY?

Liquid-based wound cleansers and irrigating solutions are
often being used for the purpose of wound cleaning but are
routinely used in isolation and for very short contact times.14

Unfortunately, the administering of cleansers, such as saline,
are known to be ineffective for the effective removal of
debris and biofilm. Consequently, cleansers with antiseptics,
such as polyhexamethylene biguanide (PHMB), chlorhexi-
dine, etc, are now being used to help clean a wound when
biofilms are suspected, which is always the case in chronic
wounds. However, as with any antimicrobial, performance
in a wound environment requires that the antimicrobial be in
contact with the microbes and the biofilm for an appropriate
period of time to achieve the desired microbicidal effect.14,15

Presently, antimicrobial-based wound-cleansing agents are
not being used with a long-enough contact time to achieve
good antimicrobial efficacy.14 Many factors can affect the
efficacy of antimicrobials on microbes and biofilms, includ-
ing pH, temperature, microbial bioburden, biofilm, slough/-
devitalised tissue, and anything that may represent a
biological demand that will have an impact on efficacy
claims and cytotoxicity because of the reduction of the bio-
availability of the active agents.16

A well-planned and administered wound-cleaning pro-
gramme can help remove barriers that are known to
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negatively effect wound healing. These barriers to wound
healing include, as examples, slough, devitalised tissue, pro-
teases, and biofilm (microorgansims and the extracellular
biofilm matrix).10 As discussed previously, biofilms are con-
sidered to be the root cause of the up-regulation of many of
the underlying biological processes known to delay wound
healing. It is therefore imperative that biofilms are removed
from the wound surface, wound bed, wound dressing, and
any supportive surface, and understanding them is critical
for effective wound cleaning.

The importance of the removal of barriers to wound heal-
ing suggests that surfactants, whilst not presently used widely
in wound management, represent a recently emergent tech-
nology that can have a major and significant impact on
wound-healing rates.11 This has been demonstrated clinically
with several clinical studies being reported.11 Bellingeri
et al17 evaluated 289 patients, comparing propylbetaine-
polyhexanide solution (Prontosan, B Braun, Germany) with
saline. It was found that the surfactant-based solution resulted
in 97% faster healing rates.

The use of concentrated surfactant-based wound dress-
ings has been shown to demonstrate an ability to loosen,
soften, and also sequester debris and necrotic tissue, and it is
hypothesised that doing so promotes wound healing.18

Palumbo and colleagues18 found that a concentrated
surfactant-based wound dressing with 1% silver sulfadiazine
(SSD) enhanced wound closure and caused a reduction in
inflammation, odour, and pain. This suggests that
poloxamer-based surfactants may have the ability to function
biologically to help remove barriers to effective wound
healing.

If surfactants are going to be used as part of a wound-
cleaning strategy, it is important to understand the different
types of surfactants as they differ significantly in their
behaviours and biological effects.

3 | BRIEF BACKGROUND ON
SURFACTANTS AND CLASSIFICATION

Surfactants have been used for hundreds of years, with many
approved by the US Food and Drug Administration (FDA)
and the UK based Medicines and Healthcare Products Regu-
latory Agency (MHRA) for use in medical conditions and
for the delivery of drugs and antimicrobials. Surfactants have
the ability to reduce the surface tension between two immis-
cible agents. They are therefore used in an array of different
products, including detergents and cosmetics, emulsions,
and paints.19

Surfactants are referred to as “surface active agents”,
which contain both hydrophobic and hydrophilic groups. It is
the hydrophobic part that sticks to debris and dirt, and the
hydrophilic component enables it to be washed away.
Because of their amphiphilic abilities, they are being used in
an array of different applications.20 Many surfactants are also

being used as antimicrobial agents that have a broad spectrum
of activity against an array of different microorganisms.21,22

Surfactants can be classified based on their charge or
absence of ionisation of the hydrophilic group, that is, cat-
ionic, anionic, non-ionic, and amphoteric or zwitterionic
agents.23 Surfactants such as quaternary ammonium com-
pounds (QACs) are cationic surfactants that are used as dis-
infectants within the food industry and used in numerous
medical situations24 as they are useful in cleaning and deo-
dorising.23 Because of the positive charge of QACs, they
bind to negatively charged areas on microbes. This results in
stress to the cell wall, lysis, and then death. These agents can
also cause protein denaturation, affecting cell wall perme-
ability and reducing the uptake of nutrients.25 Anionic sur-
factants are strong detergents but are not considered very
antimicrobial; however, they have been reported to cause
lysis in Gram-negative bacteria.26 All charged surfactants
are generally toxic to wound cells.27 Non-ionic surfactants
include agents such as polyalkylene glycols. The non-ionic
surfactants do not ionise in the presence of water and are
regarded as having only a low ability to irritate cells. An
example of a non-ionic surfactant is poloxamer. Non-ionic-
based surfactants, such as ones incorporating poloxamer
188, are considered non-cytotoxic and therefore represent a
useful combination in wound care.28

When surfactants are mixed in water, as mentioned pre-
viously, they reduce the surface tension of the water. In this
situation, as the surfactant concentration increases, the sur-
face tension will continue to drop. When a certain concentra-
tion of surfactants is reached, the surfactant molecules will
form micelles. As the micelles form, any further addition of
surfactants will not have any further effect on the surface
tension. At this concentration, where the surface tension
remains constant, the critical micelle concentration has been
formed. Micelles that are formed by surfactants are able to
trap hydrophobic molecules at their hydrophobic core and
will act as a wetting agent, which therefore makes them very
effective cleaning agents. The micelle size that is formed is
related to the number of monomers per micelle or the
micelles’ molecular weight.

4 | POLOXAMER-BASED SURFACTANTS

Poloxamers are tri-block copolymers composed of a central
hydrophobic core (polyoxypropylene) that is flanked by two
hydrophilic chains of poloxethylene. Poloxamer-based sur-
factants were historically used in reducing the viscosity of
blood before a transfusion, and they are also found in laxa-
tives, mouth washes, and toothpastes. Gels formed by sur-
factants have been reported, with the formation of a gel
through a process known as micellisation.29 Poloxamers are
non-ionic surfactants composed of ethylene oxide and pro-
pylene oxide, and many can be found listed in the FDA inac-
tive ingredient guide database for use in formulations used
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in the pharmaceutical industry. Poloxamer-based surfactants
are water-soluble tri-block copolymers, abbreviated to poly-
oxyethylene (POE)-polyoxypropylene (POP)-POE, that have
an average molecular weight of 8400 Da. The POE and POP
are referred to as poly(oxyethlene) and poly(oxypropylene).
The POE chains are hydrophilic, and the POP chains are
hydrophobic.

5 | USE OF SURFACTANTS IN
WOUND CARE

The main surfactant classes used in wound care and within
wound dressings include betaines and poloxamers. However,
it is also important to highlight that some antimicrobial
agents, such as chlrohexidine, PHMB, and benzylkonium
chloride, whilst effective as antimicrobial agents at high con-
centrations, are being exploited for their surfactant-based
abilities at much lower concentrations. Surfactant-based
wound dressings are known to have the ability to soften,
moisturise, and also loosen cellular debris, with evidence
that some have the ability to help in the dispersion/break up
of the biofilm and also prevent biofilm formation.12,30

Zölß and Cech28 evaluated the efficacy of a concentrated
surfactant gel (CSG) that contained 1% SSD on 226 patients
with chronic wounds. Of the patients, 88 were maintained
on standard of care and then entered into the study, and the
other 138 had been treated with CSG before the study. After
a median of 17 weeks, 73% healed or improved. The study
also demonstrated a potential improvement of reduced treat-
ment costs compared with standard protocols of care. A
study by Ratliff31 assessed the performance of a concen-
trated surfactant-based gel on 18 patients with full-thickness
wounds over a period of 4 weeks, with positive outcomes
with the CSG dressing being shown to be effective in clean-
ing the wound from slough and necrotic debris.

Numerous studies have indicated a role that combining
antimicrobials and surfactants could play, demonstrating that,
by combining antimicrobials with surfactants, an enhance-
ment of the antimicrobial could be achieved.32 Babickaite
and colleagues33 found that, by combining poloxamer and
chlorhexidine, biofilm eradication could be achieved but that
the dosage of the antiseptic was very important to its antimi-
crobial activity. An additional study by Demirci and col-
leagues34 evaluated the effect of a hydrogel containing
poloxamer and boron on wound healing. The formulation
was found to be very effective in promoting wound healing.
It was reported to stimulate cell migration, growth factors,
and vascularisation.30 A further study by Leyva-Gómez
et al35 combined the properties of chitosan and poloxamer. In
mouse models, it was found that the gel, when added to full-
thickness mouse wounds, reduced the wound area signifi-
cantly in a few days. Also observed in this study was the
ability of the gel to increase macrophage proliferation and
collagen depositions. Leszczy�nska et al36 assessed the

in vitro antimicrobial and haemolytic ability of Ceragenin
cationic steroid antimicrobial 13 (CSA-13; synthetic mimic
of cationinc antbacterial peptides) in the presence of poloxa-
mer. By itself, CSA-13 exhibited antibacterial activity, but in
the presence of poloxamer, antibacterial activity was slightly
reduced, but haemolytic activity was inhibited. Yanai et al37

found that the antimicrobial activity of PHMB can be inhib-
ited by NaCl in a concentration-dependent manner, but in the
presence of Poloxamer 407 (4%), the activity of PHMB
towards Staphylococcus aureus and fungi was increased.

6 | SURFACTANTS AND BIOFILMS

Both synthetic and natural surfactants are being used in the
management of biofilms.38 Azeredo et al39 evaluated the
effects of surfactants on biofilm detachment. Comparing the
efficacy of surfactants sodium dodecyl sulfate (SDS) and
cetyl trimethyl ammonium bromide (CTAB) in detaching
Pseudomonas fluorescens biofilms from glass surfaces, they
found that SDS was able to remove almost all of the attached
bacteria relatively quickly. However, CTAB did not cause
the promotion of cellular detachment, indicating that differ-
ent surfactants have different abilities in affecting the detach-
ment of microbes from a surface. Yang et al12 evaluated a
concentrated surfactant-based gel dressing on biofilms on
porcine skin. Following daily applications and removal of
the CSG dressing after 3 days, biofilms were reduced to
undetectable levels. Díaz De Rienzo et al40 also found evi-
dence that surfactants had the ability to cause the dispersion
of Pseudomonas aeruginosa biofilms. Satputea et al38 dis-
cussed the various roles that biosurfactants can play in the
strategy to combat biofilms in light of the growing need for
synthetic-based surfactants. Quinn et al41 compared various
biosurfactants on established biofilms. They found that
rhamnolipids and plant-derived surfactants could reduce bio-
film biomass. Unfortunately, currently, there are only a lim-
ited number of studies that have investigated the role and
significance of biofilms in the context of wound healing.
These have principally focused on poloxamer-based wound
technologies.

The role surfactants play in both the prevention and con-
trol of biofilms is presently being investigated, with interest-
ing results now being reported. For example, a recent study
by Yu et al42 found that the surfactants CTAB and SDS
demonstrated effects on hyphal development in Candida
albicans. Hyphal development is known to be involved in
biofilm formation.43 Based on this, the authors hypothesized
that the surfactants may have a role to play in affecting bio-
film development. Their results demonstrated that the surfac-
tants inhibited biofilm formation and also reduced the
activity of pre-formed biofilms. The IC50 against biofilm for-
mation and biofilm maintenance was 0.888 and 4.061 ppm
for CTAB and 76.092 ppm and > 160 ppm for SDS,
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respectively. Biosurfactants are being utilised as anti-biofilm
agents with promising results.44

Yang et al12 investigated if wiping on a daily basis com-
bined with daily application of a surfactant (poloxamer)
would reduce the level of mature biofilm grown on porcine
pig skin explants. The results showed that daily wiping of
the pig skin explants with moistened gauze combined with
application of poloxamer 188 eliminated Pseudomonas aeru-
ginosa planktonic and biofilm bacteria after three days of
daily treatment. Polysorbate 80 is another surfactant that is
utilised in pharmaceutical preparations. They are well known
to increase the permeability of the membranes in bacteria.
This has been documented in P. aeruginosa.45,46 Further-
more, polysorbate 80 has also been shown to inhibit biofilms
in P. aeruginosa and Escherichia coli.47,48 Malinowski
et al49 investigated the effects of polymyxin B and polysor-
bate 80, and it was found to inhibit the growth and biofilm
formation of Stenotrophomonas maltophilia. However, the
authors were unable to show how PS80-inhibited biofilms.

7 | SURFACTANTS AND ROLE ON THE
BIOFILM MATRIX—EPS

The ability of surfactants to break down the EPS component
of the biofilms is presently lacking warranting studies in this
area. As mentioned previously, because the EPS represents a
very important component of the biofilm, and its prevention
and control is significant in biofilm management.

8 | ROLE OF SURFACTANTS IN THE
PREVENTION OF CELL DEATH (“CELL
SALVAGE” )

Whilst many surfactants have been reported to have a broad
antimicrobial effect, their mechanisms of action against
microbes still remains to be completely elucidated. Although
they have traditionally been reported to cause the disruption of
biological membranes,50,51 they have also been reported to
inhibit certain enzymes, leading to the enhanced production of
ROS, which is also considered part of the antimicrobial ability
of some surfactants.52 ROS increase by the inhibition of certain
ROS suppressive enzymes makes the surfactants antimicro-
bials. Despite these new studies, some surfactants do not affect
the plasma membrane, indicating that ROS may not be a major
factor in their mode of action.42,53 With concentrated poloxa-
mer 188 gel it is reported to cause an upregulation of gelatinase
and down regulation of collagenase type enymes. This profile
of enzyme regulation is suitable for a slough containing wound
because gelatin as such is roughly translatable as denatured,
necrotic tissue associated collagen. There are also reports of
surfactants affecting MMP activity.54 Yu and colleagues42 also
demonstrated the effects surfactants have on MMPs in
C. albicans. In their studies, the researchers speculated that the

surfactants enter fungal cells and interact with mitochondrial
membranes, subsequently leading to the dissipation of the pro-
ton gradient across the inner membrane and to a decrease in
MMP levels. Surfactants such as cetyl trimethylammonium
bromide are reported to promote apoptosis of cancer cells, but
it is probable that the ROS leads to a reduction in MMPs. It
remains important to investigate the potential relationship
between the use of surfactants and oxidative stress.

Surfactants are known to interact with, and therefore affect,
microbial proteins, leading to effects on enzymatic stability and
activity.55 It is also well documented that properties such as
osmotic pressure, surface tension, and conductivity will either
decrease or increase as the surfactant concentration increases.

Some examples of effective surfactants that are showing
good potential in wound care are poloxamer-based surfac-
tants. They are documented as being able to incorporate
themselves in the phospholipid bilayer of cells, which in turn
helps to cause the resuscitation of cells.56 Studies by Barbee
et al 57 and Marks et al58 have also shown that poloxamers
“save” neurons from necrotic death. Yuhua et al59 and Lee
et al60 have evaluated the use of poloxamers in burn wounds
and have shown that poloxamer 188 has the ability to repair
cells that are often damaged. During cell death, many cells
swell, resulting in the formation of an injured cell that is
unable to maintain ionic gradients in the plasma membrane,
which then leads to the cell becoming ruptured.61 Some sur-
factants have been documented to be able to interact with
the lipid bilayer of the plasma membrane with positive out-
comes to the cell. For example, studies by Clarke et al62 and
Papoutsakis63 have found that surfactants have the ability to
restore the integrity of cell membranes following stresses
caused by electrical64 and chemical effects.65 Studies by Phi-
lips et al66 were set up to investigate the ability of poloxamer
118 to “save” cells from necrosis. The study found that P188
significantly increased the percentage of live cells and also
increased cellular viability. This study and further studies
alike have demonstrated that poloxamer 188 has the ability
to repair cells that are damaged.56,62–65 Furthermore, Kai-
sang et al67 found that, when allogeneic non-diabetic
adipose-derived stem cells (ADSCs) were added to hydrogel
composed of poloxamer and topically applied to a full-
thickness cutaneous wound in diabetic rats, angiogenesis
was increased together with cell proliferation and enhanced
wound closure. In conclusion, the authors suggested that the
use of ADSCs in combination with surfactants, in this case
poloxamers, may represent a “novel therapeutic strategy” of
the treatment of non-healing diabetic foot ulcers.

9 | OVERALL DISCUSSION ON
CLEANSING, SURFACTANTS, BIOFILMS,
AND WOUNDS

Based on the evidence to date, a well-planned and systemic
approach to wound cleaning is warranted to prepare the
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wound for interventions and procedures that are going to be
utilised when a biofilm-based wound management strategy
is required. Antimicrobials and anti-biofilm agents are
designed to function at very low concentrations but are
known to have reduced efficacy in biological systems as pro-
teins, for example, will reduce the bioavailability of the
active components. Therefore, many of these agents are not
being delivered to the wound at therapeutic concentrations
and above (considered more appropriate in biofilm-related
conditions). Consequently, if wounds are not effectively
cleaned of barriers to wound healing, that is, slough, devita-
lised tissue, microorganisms, and biofilms, prior to the
administration of a topical antimicrobial, this will affect the
antimicrobial’s performance and short-term residual activity
such that maximum efficacy cannot be achieved to reduce
the wound’s microbial bioburden and reduce biofilm devel-
opment and maturation.1 Accordingly, the likelihood of a
positive clinical outcome will be significantly reduced if
wounds are not cleaned very early during the wound treat-
ment process.

The management of biofilms in wounds is a complex
process principally because of the unpredictability of the
biofilm’s physiology. In part, this is often because of a
wound biofilm’s inherent microbiological composition. In
long-term non-healing wounds, “a new microbiome” exists,
which highlights the microbial complexity now identified in
wounds.68 Changes to this wound microbiome, as with other
chronic conditions, can have a significant impact on the biol-
ogy of wound healing. The phenomena of a potential dys-
biosis of an established chronic wound’s microbiome may
become an issue for infection in wounds, a phenomenon that
has been demonstrated in biofilms within the gastrointestinal
tract and the oral cavity and causes a shift in disease and
infection status.

In the authors’ opinion, a significant component of the
biofilm management process should involve effective wound
cleaning using surfactants.11 This is, in principal, because of
their inherent ability to offer many characteristics that func-
tion to support wound healing. Using technology that is
known to be effective in other industries with positive out-
comes in biofilm prevention and control represents a compo-
nent that could be used to help advance wound healing in
light of the growing need for more effective products and
procedures for the management of biofilms in wounds.69

10 | CONCLUSION

Surfactants, but more specifically poloxamers, have been
used in thousands of patients with no serious side effects and
are documented to be well tolerated by patients after topical
use18,70,71 and also intravenous usage.72 They have also been
shown to potentially enhance the “normal” wound-healing
process.18,73–75 Historically, one of the concerns with using
poloxamer-based surfactant was that these surfactants have

been shown to lack antimicrobial activity.76 However, there
is now growing evidence that poloxamers have a significant
effect on biofilms, suggesting a new role of poloxamer-
based surfactants in wound cleaning and also in biofilm pre-
vention and control. In addition, evidence suggests that, by
combining surfactants with antimicrobial agents, enhanced
performance of the antimicrobial could be achieved with
positive outcomes. Furthermore, there is growing evidence
that poloxamers are capable of reducing and preventing cell
death by temporarily “jumping in” to replace trauma or ROS
damaged cell membranes until repair has taken place by the
cell itself11 and by also modulating immunological func-
tions.77 Thus, another mode of action of poloxamer may be
its ability to counteract the devastating effects of ROS on
cells, therefore enhancing wound healing.

Overall, based on the evidence to date, poloxamer-based
technologies appear to be demonstrating an ability to
enhance wound healing because of their inherent characteris-
tics to supress and down-regulate many of the detrimental
factors known to delay wound healing, that is, biofilms,
MMP (collagenase) activity, and inflammation, but in upre-
gulating or promoting cellular integrity leading to cellular
proliferation.75
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