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ABSTRACT

7:1-4.

Biofilm formation considers a serious problem that faces the physician in treating infectious diseases associated with medical
devices. The present study aims to highlight the effect of hydrogen peroxide (H>02) on biofilm formation by bacteria and
yeasts. The current study confirms the anti-biofilm effect of H,O; on the biofilm formed by bacteria and yeast. The effects
of H>0; on biofilm formation were against the ability of a microorganism to attach to the surface by the effect on either the
appendages or the mechanisms of attachment, also it was found that the effect on biofilm can be explained by the effect
on the microorganism growth. The current study highlighted the future prospect of using H,O; by increasing the
effectiveness of common antibiotics against high-resistance bacteria by increasing the ways of entering antibiotics by
forming pores in the biofilm mass and the microorganism cells.
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1. INTRODUCTION

Hydrogen peroxide is a chemical compound with the formula
H20:2. It is a clear, colorless liquid that is slightly more viscous
than water. It is used as an oxidizer, bleaching agent, and
antiseptic, usually as a dilute solution (3%—6% by weight) in
water for consumer use, and in higher concentrations for
industrial use [1]. It has been found to reduce biofilm formation.
Hydrogen peroxide has antimicrobial properties and can
effectively kill bacteria and other microorganisms. When applied
at appropriate concentrations, hydrogen peroxide can disrupt
the formation of biofilms by interfering with bacterial attachment
and inhibiting the growth of biofilm-forming microorganisms.
Biofilms are communities of microorganisms that attach to
surfaces and form a protective matrix, making them highly
resistant to antimicrobial treatments. The effect of the H2020on
the biofilm formation are vary depending on the environmental
condition and the species of microorganisms that produce the
biofilm [2].

There are a lot of applications of H202 besides the industrial
application there are a lot of clinical and Lab applications such
as using in low concentration as a substrate in the very
important test of catalase test that use in the identification of
different pathogenic and environmental bacterial isolates [3].

2. GENARL PROPRTIES OF H202

Hydrogen peroxide (H202) is a chemical compound composed
of two hydrogen atoms bonded to two oxygen atoms. It is widely
used for various purposes due to its oxidizing and disinfecting
properties. The molecular weight of Hydrogen peroxide is
34.0147 grams per mole. It is a clear, colorless liquid at room
temperature [1]. It has a slightly bitter taste and a characteristic
odor and is miscible with water in all proportions. Hydrogen per-
oxide is a powerful oxidizer. It readily donates oxygen atoms that
can react with other substances, causing oxidation reactions.
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This property makes it useful in various applications. Hydrogen
peroxide is relatively unstable and can decompose over time,
especially when exposed to heat, light, or certain metals. To
maintain its effectiveness, it is often stored in opaque containers
and kept away from direct sunlight or heat sources [4]. Concen-
trated hydrogen peroxide can be hazardous and potentially
corrosive. It should be handled with care, and protective measu-
res such as gloves and goggles should be used when working
with higher concentrations. Diluted solutions are generally safer
for household and personal use.

3. THE APPLICATION OF Hz20:

There are many general applications of H202 including as a
cleaning agent, disinfectant, and bleaching agent. One of the
important characteristics of hydrogen peroxide is its antimicro-
bial properties which can kill a wide range of microorganisms,
including bacteria, viruses, and fungi. It disrupts the cell walls
and membranes of microorganisms, leading to their destruction.
It is commonly used as an antiseptic to clean wounds and
prevent infection. It can be used to disinfect surfaces, tools, and
equipment in medical settings. It also uses in hair bleaching
products and teeth whitening products. However, it should be
used with caution and in appropriate concentrations to avoid
adverse effects [5].

4. BACTERIA BIOFILM

Biofilm formation is a complex process in which bacteria adhere
to surfaces and form a structured community embedded within
a protective matrix. The formation of biofilm required several
steps i.g. 1. Attachment: In the initial stage, bacteria attach to a
surface. This attachment can occur through various mechanis-
ms, including physical adhesion, production of adhesive molec-
ules, and interactions with the surface. 2. Colonization: Once
attached, bacteria start to multiply and form microcolonies on
the surface. They begin to secrete extracellular polymeric
substances (EPS), which form the matrix of the biofilm. EPS
consists of polysaccharides, proteins, DNA, and other molecule-
es that help stabilize the biofilm structure.3. Growth and
Maturation: The microcolonies continue to grow and merge,
forming a more complex and mature biofilm structure. Bacteria
within the biofilm exhibit altered gene expression patterns,
leading to the development of specialized phenotypes that
promote biofilm survival and persistence.4. Maintenance and
Dispersal: The mature biofilm reach a steady state, with bacteria
continuously dividing, shedding, and dispersing. Dispersal
allows bacteria to colonize new surfaces and form biofilms
elsewhere. Dispersal can be triggered by environmental cues or
stress signals, leading to the release of individual bacteria or
small aggregates [6].

Biofilms provide several advantages to bacteria, including
increased resistance to antimicrobial agents, protection from
host immune responses, and enhanced survival in various
environments. The EPS matrix acts as a barrier, limiting the
penetration of antimicrobial agents and hindering the effective-
ess of immune cells. Biofilms are commonly associated with
various medical and industrial issues, such as chronic
infections, device-associated infections, and biofouling of
surfaces and equipment [7,8]. Understanding the mechanisms
involved in biofilm formation is crucial for developing strategies
to prevent or disrupt biofilm growth. This includes targeting
bacterial attachment, EPS production, and the signaling
pathways involved in biofilm development and that will be key to
treating the complicated infections caused by the biofilm of
different pathogenic bacteria [9].

5. H202 REDUCES BACTERIAL BIOFILM

It has been found to reduce biofilm formation. Biofilms are
communities of microorganisms that attach to surfaces and form
a protective matrix, making them highly resistant to antimicrobial
treatments. Hydrogen peroxide has antimicrobial properties and
can effectively kill bacteria and other microorganisms [10]. It's
important to note that the effectiveness of hydrogen peroxide in
reducing biofilm formation can vary depending on the specific
microorganisms involved, the concentration and exposure time
of hydrogen peroxide, and the environmental conditions.
Additionally, it's crucial to use hydrogen peroxide at appropriate
concentrations to avoid potential cytotoxic effects on human
tissues. When applied at appropriate concentrations, hydrogen
peroxide can disrupt the formation of biofilms by interfering with
bacterial attachment and inhibiting the growth of biofilm-forming
microorganisms [11].

5.1. Disruption of bacterial attachment

Hydrogen peroxide can interfere with the ability of bacteria to
attach to surfaces. It can disrupt the initial steps of biofilm
formation by preventing bacterial cells from adhering and
colonizing the surface, thus impeding the formation of a biofilm.
The disruption of bacterial attachment, which is an important
initial step in biofilm formation. H202 can interfere with bacterial
attachment by damaging pili and adhesins, which are surface
structures in bacteria that facilitate attachment to surfaces [12].
Hydrogen peroxide can cause oxidative damage to these
structures, compromising the ability of bacteria to adhere to
surfaces effectively. This damage can occur through the genera-
tion of reactive oxygen species (ROS) by H202. Exposure to
H202 can induce oxidative stress in bacterial cells [13]. The
oxidative stress disrupts cellular functions and may alter the
expression of genes involved in attachment mechanisms,
inhibiting the bacteria's ability to attach to surfaces. It also
disruption of quorum sensing which is a cell-to-cell communicat-
ion system used by bacteria to coordinate biofilm formation.
Hydrogen peroxide has been shown to interfere with quorum
sensing, thereby inhibiting the production of signaling molecules
necessary for bacterial attachment and biofilm development
[14]. By disrupting bacterial attachment, hydrogen peroxide
reduces the initial step of biofilm formation. This disruption can
prevent bacteria from establishing a foothold on surfaces,
inhibiting the subsequent growth and maturation of the biofilm.
It's important to note that the effectiveness of H20:2in disrupting
bacterial attachment may depend on factors such as the
concentration and exposure time of hydrogen peroxide, the
bacterial species involved, and the specific conditions in which
biofilm formation occurs. Additionally, the concentration of
hydrogen peroxide must be carefully regulated to avoid cytotoxic
effects on human cells or tissues [15].

5.2. Oxidative stress

Hydrogen peroxide generates reactive oxygen species (ROS)
when it comes into contact with cells. These ROS can cause
oxidative damage to bacterial cells, including DNA, proteins, and
lipids. The oxidative stress induced by hydrogen peroxide can
inhibit the growth and survival of bacteria, thereby reducing
biofilm formation [16].

5.3. Biofilm matrix degradation

Hydrogen peroxide can degrade the extracellular matrix that
holds the biofilm together. The matrix primarily consists of
polysaccharides, proteins, and DNA, and hydrogen peroxide
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can break down these components, destabilizing the biofilm
structure and making it more susceptible to removal [16].

6. H202 REDUCES YEAST BIOFILM

Hydrogen peroxide has been found to reduce the biofilm
produced by yeast. Biofilms formed by yeast, such as Candida
species, can contribute to various infections, including oral
thrush and vaginal yeast infections. Reducing the yeast biofilm
can be done in several ways such as 1. Oxidative stress:
Hydrogen peroxide generates reactive oxygen species (ROS)
when it comes into contact with cells. These ROS can cause
oxidative stress in yeast cells, leading to damage to cellular
components and impaired biofilm formation. The oxidative
stress disrupts the metabolic processes and signaling pathways
involved in biofilm development, thereby reducing the ability of
yeast to form a robust biofilm [17]. 2. Disruption of extracellular
matrix: The extracellular matrix in yeast biofiims consists of
polysaccharides, proteins, and other molecules that provide
structural support and protection. Hydrogen peroxide can
degrade and disrupt the extracellular matrix, weakening the
biofilm structure. This disruption hinders the ability of yeast cells
to adhere to surfaces and form a cohesive biofilm [18]. 3.
Inhibition of yeast growth: Hydrogen peroxide can inhibit the
growth and proliferation of yeast cells. By inducing oxidative
stress and damaging cellular components, hydrogen peroxide
reduces the viability and growth of yeast within the biofilm [19].
This inhibition of yeast growth limits the formation and expan-
sion of the biofilm. By inducing oxidative stress, disrupting the
extracellular matrix, and inhibiting yeast growth, hydrogen
peroxide can effectively reduce the biofilm produced by yeast
[17]. However, it's important to note that the effectiveness of
hydrogen peroxide may vary depending on the specific yeast
strain, the concentration of hydrogen peroxide, and other
environmental factors. Additionally, the concentration of
hydrogen peroxide should be carefully controlled to avoid
cytotoxic effects on surrounding tissues or cells [20].

7. Future prospects

Many studies have shown that hydrogen peroxide can affect
biofilm formation and also can lead to biofilm removal by
preventing biofilm maturation. One of the most important effects
of hydrogen peroxide is that affects the biofilm as well as the
bacterial cell body or yeast cell through holes in the biofilm or
the wall or cell membrane of the microorganism and this can be
employed by increasing the effect of antibiotics on the biofilm.
Recent studies have used hydrogen peroxide to increase the
effectiveness of antibiotics [10, 21]. This trend is considered one
of the new hopes that scientists rely on to counter the significant
increase in bacterial resistance to antibiotics, which has greatly
affected public health.

8. Conclusion:

The present study showed the negative role of H202 in reducing
the microorganism (bacteria and yeast) biofilm formation and
that can be done by the effect on the appendages or
mechanisms that use by microorganisms to attach to different
surfaces. Moreover, H202 may affect microorganism growth
(microorganism biomass) by interfering with the growth process.
That all explains the anti-biofilm effect of H202 that is produced
by either bacteria or yeast.
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