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Abstract

Microbial biofilm is defined as an association of bacterial and fungal cells, fixed to surfaces, biotic or abiotic, included in a
complex extracellular matrix of polymeric substances (EPS). It is estimated that approximately 65% of microbial infections
are caused by biofilm-forming microorganisms, representing a serious public health problem. In addition, the integrity of
machinery and equipment in industries can be compromised by the presence of biofilms, causing significant economic
losses. Therefore, there is an urgent need to discover new drugs that are effective against biofilms, which are non-
toxic. Natural products have been extensively studied due to their enormous antimicrobial efficacy, like garlic, chitosan
derivatives, various peptide spices, products derived from plants and essential oils. Thus, the purpose of this review is
to describe the most promising anti-biofilm compounds derived from natural products for bacteria and fungi. One way
of treating infections is to use medicinal plants. They have several compounds that have antimicrobial properties and
raise your interest in medicine for the treatment of infections. Essential oils are secondary metabolites produced by
plants; they act by damaging the extracellular matrix and eliminate adherence factors, contributing to the failure in the
construction of the biofilm. Other strategy is the Cationic antimicrobial peptides (AMPs). They are short linear amino
acid sequences, which display antimicrobial activity against a wide range of bacterial species. It is a promising novel
antimicrobials since they have shown bactericidal effects against multiresistant bacteria. Bacteria and fundi are also
capable of producing substances such as peptides and other compounds, which can act as antimicrobials, inhibiting the
growth of other microorganisms. This review describes the most promising anti-biofilm compounds, derived from natural
products that act against bacteria and fungi. However, the treatment with these compounds must bestudied in detail,
since biofilms increase microbial resistance and have strategies to decrease the penetration of antimicrobial substances
through their polysaccharide matrix.

Introduction which also depends on the environmental niche where the
biofilm was formed [3]. This matrix strongly adheres to biotic
and abiotic surfaces, causing persistent and difficult-to-treat
infections [1].

Microbial biofilm is defined as an association of bacterial
and fungal cells, fixed to surfaces, biotic or abiotic, included in
a complex extracellular matrix of polymeric substances (EPS)
[1]. EPS has a varied chemical composition, and not only pro-
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the spatial arrangement of the different species that com- stitute of Biomedical Sciences, Federal University of Uberlan-
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extracellular matrix is formed partly by the cells themselves
and partly by components of the environment, such as debris,
proteins, inorganic materials and even other living things [2].
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In addition, the EPS hinders the passage of antibiotics
and other injurious substances to the bacterial communi-
ty, increasing microbial resistance [4]. Bacteria and fungi in
biofilms are more resistant to antimicrobials than free-living
microorganisms, with minimum eradication concentrations
of 10 to 1,000 times higher compared to planktonic bacteria.
The most antibiotics commonly used in medical practice are
effective only for planktonic bacteria [5] and there are still no
standardized and reliable protocols for their administration
for this purpose.

The formation of biofilm can be divided into four stages: 1)
Initial adhesion of planktonic cells to surfaces; Il) Irreversible
adhesion and formation of micro colonies; Ill) Maturation of
biofilm and IV) release of persister cells [6]. In the first and
second stages planktonic bacteria called primary colonizers
adhere to a surface, forming a conditioning film, which will
allow initial adhesion. Subsequently, the production of EPS
begins to form the polymeric extracellular matrix, resulting
in the irreversible adhesion of microorganisms to the contact
surface. In this phase, microorganisms already adhered to the
surface, start cell multiplication and the extracellular polysac-
charide acts as a kind of glue, to group microbial cells. The
third stage is characterized by intense cell multiplication and
the formation of water channels allowing the entry of pro-
teins, oxygen and substrates. In this phase, the biofilm is in its
mature phase, with all its architecture assembled. In the last
stage, specific microbial cells called persisters are released
from the biofilm, in order to adhere to other surfaces, form-
ing a new biofilm elsewhere [7,8].

The biofilm allows the microorganism to survive even in
hostile environments, until it can multiply in a more favor-
able environment. It is estimated that approximately 65% of
microbial infections are caused by biofilm-forming microor-
ganisms, representing a serious public health problem due to
the evasion of the host immune system and the resistance of
most antimicrobials used for treatment, increasing the per-
sistence of the infection [9]. Additionally, biofilms contribute
to the increase in morbidity and mortality rates and hospi-
tal costs, making it difficult to treat and eradicate infections
[8]. In addition, the integrity of machinery and equipment in
industries can be compromised by the presence of biofilms,
causing significant economic losses [10,11]. Therefore, there
is an urgent need to discover new drugs that are effective
against biofilms, which are non-toxic [12].

Natural products have been extensively studied due to
their enormous antimicrobial efficacy, difficulty to gain resis-
tance against them and their safety to use in different fields
and industries [13]. Garlic, chitosan derivatives, various pep-
tide spices, products derived from plants and essential oils,
are examples of these products, which can act to combat bio-
films in different ways, as preventing bacterial adhesion to
surfaces; interfering in the production of chemical molecules
crucial for their development and disrupting the extracellular
matrix [14-16].

Thus, the purpose of this review is to describe the most
promising anti-biofilm compounds derived from natural
products for bacteria and fungi.

Anti-Biofilm Activity of Natural Products:
Bacterial Biofilm Control Strategy

Medicinal plants

One way of treating infections is to use medicinal plants.
They have several compounds that have antimicrobial prop-
erties and raise your interest in medicine for the treatment of
infections. Plants are rich in a wide variety of secondary (phy-
tochemical) metabolites, such as polyphenols, flavonoids, ter-
penoids, alkaloids and tannins [17], which have been shown
to have antimicrobial properties [17-20].

Some examples are licorice root, purple coneflower flow-
er and stem, sage leaves and ethanol extracts from the inner
elm bark. They were effective against biofilms of Streptococ-
cus pyogenes in pharyngitis, as there was an impact on the cell
wall and the degradation of the bacterial membrane, which
reduces planktonic growth, decreasing the population to
form the biofilm [17]. Licorice root and sage extracts showed
bacteriostatic effect in the first 2 hours of exposure; from that
moment on, they established a progressive decrease in the
bacterial cell count and showed a bactericidal effect after 3
hours. The purple cone flora flower extract provided a bacte-
riostatic effect in the first 4 hours of exposure, after which it
established its bactericidal effect.

Another compound is garlic extract (Allium sativum),
which was effective in penetrating and stopping well-estab-
lished (MRSA) Methicillin-Resistant Staphylococcus aureus
biofilms and is a promising alternative for the treatment of
chronic infections related to the formation of biofilms by bac-
teria resistant to medications [14]. Another example is Ursolic
Acid (UA) and Oleanolic Acid (OA), triterpenoid compounds
isolated from many edible and medicinal plants and combat-
ed biofilms from cariogenic microorganisms, with UA having
greater antibacterial activity than OA. Both showed greater
antibacterial activity against Actinomyces spp. than Strepto-
coccus spp. UA and OA in 1/4 MIC can reduce the formation
of bacterial biofilm, while higher concentrations of UA exhib-
ited antibacterial activity against Actinomyces viscosus and
Streptococcus mutans in mature biofilms [21].

Essencial oils

Essential oils are secondary metabolites produced by
plants. A study conducted by Kavanaugh and Ribbeck [22],
demonstrated that red thyme, cassia, tea tree and clove oils
were effective against the biofilm formed by strains of MRSA.
They act by damaging the extracellular matrix of S. aureus
and eliminate adherence factors, contributing to the failure
in the construction of the biofilm.

The effectiveness in inhibiting biofilm formation can occur
with treatment based on the combination of several essen-
tial oils through a synergistic effect and preventing the emer-
gence of antimicrobial resistant microorganisms [23].

A study by Husain, et al. [24] showed that Mentha piperita
oil in sub-minimum inhibitory concentrations regulated vir-
ulence factors and biofilm formation in Pseudomonas aeru-
ginosa and Aeromonas hydrophila. The essential oil menthol
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has also been tested and reduced the production of viru-
lence factors and biofilm formation, being identified as a new
broad-spectrum quorum sensing inhibitor against Gram-neg-
ative bacteria. In a study by Wijesundara and Rupasinghe
[17], essential oils extracted from oregano, sage, cloves and
ginger were evaluated for phytochemical profile, antibacteri-
al and anti-biofilm activities against Streptococcus pyogenes.
The essential oils of oregano and sage exhibited bactericid-
al effects in 5 minutes and 4 hours, respectively, acting as a
potent anti-biofilm agent with double action, preventing and
eradicating the biofilm. They concluded that the essential oils
of oregano and sage inhibit the growth and biofilm formation
of S. pyogenes and can be used in the development of po-
tential plant-derived antimicrobial agents in the treatment of
Streptococcal pharyngitis.

Peptides

Cationic antimicrobial peptides (AMPs) are short linear
amino acid sequences, which display antimicrobial activity
against a wide range of bacterial species. They are promising
novel antimicrobials since they have shown bactericidal ef-
fects against multiresistant bacteria. Their amphiphilic struc-
ture with hydrophobic and cationic regions drives their inter-
action with anionic bacterial cytoplasmic membranes, which
leads to their disruption. It is positively charged amphipathic
oligopeptides and consists of five to one hundred amino acids
[25]. An example is human catelicidin LL-37, which can form
an alpha helix when in contact with bacterial membranes and
inhibit the ability of bacteria to form and biofilm without af-
fecting the growth of S. epidermidis ATCC 35984 [26]. The he-
lical catelicidin identified in the Chinese snake (Najaatra) has
anti-biofilm activities against S. aureus [27]. These peptides
may be useful for the treatment of chronic wounds, since
they also demonstrate low cytotoxicity against host cells [23].

A study by Gordya and collaborator [28] showed that an-
timicrobial peptides exhibited strong matrix destruction ac-
tivity of Escherichia coli biofilms, S. aureus and antimicrobial
resistant Acinetobacter baumannii, as well as non-toxicity to
human immune cells. Martinez, et al. [29] showed that the
peptide P5 showed antibiofilm activity in strains of P. aerugi-
nosa and S. aureus, while P6.2 only in S. aureus. Both peptides
were analyzed in vivo, in the lungs of neutropenic mice pre-
viously instilled with P. aeruginosa. The lungs of mice were
surgically extracted and pro-inflammatory bacteria and cyto-
kines (IL-B, IL-6 and TNF-a) were quantified by colony form-
ing units and ELISA, respectively. The results showed that the
instillation of the peptides produced a significant decrease in
the number of live bacteria in the lungs, concomitant with
a decrease in the pro-inflammatory cytokines, showing that
in general, the results presented suggest that these two new
peptides may be good candidates for the future development
of drugs for anti-biofilm and anti-infective therapy.

Bactericidal compounds derived from microor-
ganisms
Bacteria are capable of producing substances such as pep-

tides and other compounds, which can act as antimicrobials,
inhibiting the growth of other microorganisms. Streptomyces

is the largest genus of Actinobacteria and the type genus of
the family Streptomycetaceae. These bacteria were selected
in the study by Saleem and collaborators [30] to evaluate an-
ti-biofilm effects of dental plaque bacteria, including Acine-
tobacter schinndleri and Moraxella aci. The results showed
that the extracts of Streptomyces erythrogriseus and Strep-
tomyces labedae exhibited anti-biofilm activity against Acine-
tobacter schinndleri and Moraxella aci. Another example is
Actinobacteria spp. that inhibited the formation of S. aureus
biofilm by more than 80% without affecting growth [16].

Weak acids: the power of acetic acid and citric
acid in controlling biofilms

A combination of factors is likely to lead to a bacteriostat-
ic and bactericidal effect of Weak Acids (WA). One of these
factors is that they are relatively hydrophobic, can spread
through bacterial cell membranes, dissociate and reduce the
bacterium’s internal cytoplasmic pH, leading to a disruption
of metabolic activities and the consequent intracellular accu-
mulation of WA degradation products. An example of WA is
acetic acid. It is used to treat infections caused by Pseudo-
monas aeruginosa in burns [31] and chronic pressure injuries
[32], being applied topically in dressings in concentrations
between 2 and 5%. Another example is the citric acid used
in hematology and oncology in the technique of antibiotic
blocking in vascular catheter infections, with concentrations
of 5% [33].

Anti-Biofilm Activity of Natural Products:
Strategy for the Control of Fungal Biofilms

Medicinal plants

There are several studies involving plant extract in the
fight against oral biofilm, such as Stanciuc and collaborators
[34], in whichdescribed the antimicrobial activity of Arni-
ca montana, Artemisia absinthium and Urtica dioica plants
against biofilms formed by Staphylococcus aureus and Candi-
da albicans in the oral cavity. Choi and collaborators [35] also
demonstrated the power of inhibition in more than 90% of
biofilm formation by dental pathogens Streptococcus mutans
and Candida albicans using the extract of Camellia japonica
and Thuja orientalis.

Freitas, et al. [36] also identified the antimicrobial poten-
tial against the biofilm formed by Candida sp. of the leaf ex-
tract of a fruit tree called Persea americana. According to this
study, the leaves of this tree are composed of flavonoids and
other phenolic compounds that are able to form complexes
with soluble proteins present in the Candida cell and break
its membrane, as it has a high penetrating power. In addition,
they contribute to the enzymatic inactivation of microorgan-
isms in the biofilm, as an inhibition of protein synthesis and
important structures of this community such as the extra-
cellular matrix. Other phenolic compounds, such as tannins
and quinones isolated from other plants, have also been de-
scribed acting in the inhibition of bacterial adhesion, as well
as in mature biofilm and dispersion in strains of C. albicans, C.
dublinienses and C. tropicalis [37].

Berberine is another natural alkaloid compound isolat-
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ed from roots, stems and rhizomes of natural herbs such as
Berberis aquifolium, Berberis vulgaris, Berberis aristata, Hy-
drastis canadensis and Phellodendron amurense, which has
antifungal properties, as demonstrated by Silva and and col-
leagues [38]. In its study, the antifungal potential of berber-
ine against planktonic strains of C. tropicalis and Cryptococcus
neoformans resistant to fluconazole and against the biofilm
formed by strains of C. tropicalis was evaluated. Cytometric
analysis showed that the treatment with this compound led
to the cell death of these microorganisms, for causing dam-
age to DNA and plasma integrity. Against biofilm,treatment
with this compound demonstrated a significant reduction in
cell viability and cell activity in the biofilm.

Cochlospermum regium, also known as yellow cotton, is
also a tree that has been studied, due to its root extract show-
ing antimicrobial action against several microorganisms such
as Staphylococcus aureus, Pseudomonas aeruginosa and C. in
tropicalis. Recently, Almeida-Apolonio, et al. [39], also discov-
ered an antibiofilm activity of the extract of this tree, against
biofilms formed by Cryptococcus gattii, demonstrating a re-
duction in the biomass of the mature biofilm after treatment
with the extract, decreasing by up to 42.58% the number of
viable cells compared to the control.

Essencial oils

Essential oils are other excellent candidates for new anti-
microbial agents, as their isolated compounds, including ter-
penes and terpenoids and aromatic compounds, have been
demonstrating antimicrobial activity against a wide range of
microorganisms. They are lipophilic compounds, so they pass
through the cell wall and the plasma membrane, disrupting
the network of peptideoglycans, making the membrane per-
meable [40].

Thymus vulgaris essential oil is widely used for the treat-
ment of depression and tiredness, but its active constituent
thymol, being studied due to its antimicrobial, antioxidant
and anti-inflammatory potential. Jafri and Ahmad, [15] de-
scribed the potential antibiofilm of T. vulgaris and thymol in
strains of C. albicans and C. tropicalis.

The essential oils Cinnamomum tamala and Cinnamomum
camphora extracted from plants Pogostemon spp. and Cin-
namomum spp plants, have also antibiofilm action in strains
of Candida sp, as demonstrated by Banu, et al. [41]. These
oils are capable of breaking the structure of the mature bio-
film with an inhibition percentage of around 55-67%, and can
also act in the early stages of the biofilm, decreasing the cell
viability of the biofilm.

The action of essential oils can act in synergism with other
main compounds, such as eugenol, thymol and carvacrol, ac-
tive compounds in the thyme oil, which act by inhibiting the
efflux pump activity, as well as the essential oil Menthol suave-
olens, which through the compounds of linalool and borneol
acts to restrict biofilm in strains of Candida sp. In addition,
linalool and a-pinene from thyme oil demonstrated antifun-
gal activity against the yeast Pichia anomala and anti-quorum
sensing effect by inhibiting the expression of N-acylhomoser-
ine lactone (ALH) in Chromobacterium violaceum. Other stud-

ies have already described the antifungal action of essential
oils, such as eucalyptus, peppermint, ginger and clove oils,
which reduced biofilm formation by approximately 80%, al-
tering the cell viability of the microbial community [42].

Anothter type of oil essencial is from Piper sp. This tree
belongs to the family Piperacea, widely distributed world-
wide. They are used in folk medicine to treat diseases, as they
provide therapeutic essential oils. It has been studied for the
treatment of zygomycosis, also known as phycomycosis or
mucormycosis, a severe and aggressive infection that occurs
in immunocompromised patients. Among all its active com-
pounds, Piper sp. demonstrated to be the most active agent
against planktonic and sessile forms of the Rhizopus oryzae
microfungus. In addition, this oil showed antifungal action
against Cladosporium cladosporioides and C. sphareosper-
mum [43].

Peptides

There are peptides isolated from plants, such as Psd1 iso-
lated from seeds of Pisum sativum, which has been shown
to be a promising antibiofilm compound for strains of C. al-
bicans. This peptide works by disaggregating the extracellu-
lar matrix, increasing stiffness and roughness and interfer-
ing with the cell cycle of fungal cells, leading to apoptosis.
Catelicidins are peptides isolated from different species of
mammals and exhibit antifungal and antibiofilm activity in
a wide range of fungi. The peptides LL-37 and BMAP-28 are
examples of catelicidins, which act in the inhibition of biofilm
formation and in the removal of mature biofilm, respectively,
from strains of Candida sp. isolated from medical devices and
urinary infections. Histatins are a group of proteins isolated
from human saliva, being divided into histatin 1 to 5. Histatin
5 is able to reduce the metabolic activity of biofilms formed
by C. albicans and C. glabrata. Studies report that histatins
are antifungal agents that act selectively with low toxicity
to mammals, being considered a promising antibiofilm com-
pound, especially for oral fungal biofilms [44].

Some peptides isolated from fruits have also been stud-
ied due to their antibiofilm action, such as the fruits of the
tree Trapa natans, an aquatic plant that was able to inhib-
it 50% the biofilm formed by C. tropicalis. Another example
of antifungal peptides is the decapeptides isolated from the
Arabidopsis thaliana plant, capable of inhibiting the biofilm of
C. albicans without any toxicity in various human cells such
as osteoblasts, stem cells and endothelial cells. The glycop-
etid-rich hydroxupoline extracted from the pericarp of the
Datura stramonium plant also has an action against the bio-
film formed by C. albicans, with a minimum concentration of
eradication of the biofilm of 2 uM [37].

Fungicidal compounds derived from microor-
ganisms

Saccharomyces cerevisiae is a yeast that is capable of pro-
ducing several types of macrotetrolides (nonactin, monactin,
dinactin and trinactin), which has antifungal action against C.
albicans, Cryptococcussp., C. kruzei and C. albicans resistant
to fluconazole. Regarding biofilm, according to Tebbets, et al.
[45], the monactin, dinactin and trinactin produced by S. cere-
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visiae demonstrated antibiofilm action in vitro against strains
of C. albicans. Dinactin also showed antibiofilm action in vivo
in an infection model in rats using a catheter.

The bacterium Bacillus subilitis is also capable of produc-
ing antifungal compounds, as demonstrated by Ceresa and
collaborators [46]. The mixture of the lipopeptide with other
compounds produced by this pbactperia, such as surfactin,
was able to inhibit the adhesion of the C. albicans biofilm.

Another example is the yeast Trichosporon montevi-
deense that produces a polymer capable of inhibiting biofilm
formation by C. albicans and C. krusei [47].

Clinical Relevance of Biofilms and Treatment
Strategies Using Natural Products

The number of biofilm-related infections in hospital set-
tings is significant. In developed countries, approximately
80% of patients with cystic fibrosis develop chronic infection
of the lungs and paranasal sinuses. In patients with chronic
wounds, more than 60% will develop biofilms. Of the patients
who have orthopedic devices, 0.5% to 2% develop an infec-
tion within two years of the surgical procedure. Additionally,
of the patients admitted to the ITU- Intensive Care Unit,unsing
intravenous catheters, 5 of 1000 develop bloodstream infec-
tion related to the use of catheters, most of them caused by
microorganisms that produce biofilms. In addition, about 50%
of the implanted urinary catheters become colonized in the
first 10-14 days after insertion [48].

One of the biofilm strategies for persisting infections is to
resist the flow of fluids or other mechanical forces that work
to wash or sweep microorganisms out of the body. As an ex-
ample in dental plaque, a spectrum of forces is exerted on
the oral biofilm. The biofilm will only accumulate if it is strong
enough to resist rupture by frequent forces or is able to re-
gress in the intervals between intense, but infrequent forces.
Brushing is effective precisely because it is powerful enough
to remove much of the biofilm [45].

Biofilms are able to adhere to various surfaces, making it
stable and viable for longer due to matrix production. In nat-
ural environments, microbial cells need to adapt to changes
in the environment, whereas cells belonging to the biofilm do
not need this adaptation, as the matrix provides the exchange
of oxygen and organic nutrients, in addition to protecting the
entire community from any change in the environment. ex-
ternal environment. The formation of biofilm allows the mi-
croorganism to survive even in hostile environments, until
it can multiply in a more favorable environment. In ITU, it is
known that the risk of transmission is directly proportional
to the survival time of the bacteria in the unit. Depending on
the environmental, geographic conditions and the ability of
the bacteria to form biofilm, these pathogens can remain on
neonatal surfaces for months [49-50].

Potentially, biofilms will only form in wet or damp areas,
however thepresence of nutrients also favors this phenome-
non. Cleaning procedures must ensure the effective removal
of food scraps and other residues that may provide nutrients
and or contain microorganisms, encouraging their multipli-

cation [51]. These biofilm-producing and multidrug-resistant
pathogens represent a public health and problem, especially
in underdeveloped countries like Brazil, where hospital units
are overcrowded and lack of human and financial resources
[52].

In addition, the mature biofilm releases cells from with-
in the biofilm to the external environment (persistent cells)
in order to form new microbial communities in other sites.
These persistent cells are tolerant of most antimicrobials
and cleaning substances, being more virulent than the bac-
teria themselves that were in their original biofilm. The time
it takes for a biofilm to reach its mature stage and start re-
leasing these cells varies from each microorganism, but most
bacteria take around 24 hours and after being released, in a
matter of hours the persistent cells can adhere irreversibly to
surfaces. The contribution of persistent cells to the pathogen-
esis of infection has been much discussed in recent years, but
it is already known that bacteria deficient in the production
of type IV pili required for cell dispersion, are 200 times less
virulent than producing bacteria. These cells contribute to the
recurrence of the infection and its persistence in the patient,
contributingto increase the morbidity and mortality of hospi-
tal units [53].

Therefore, the treatment of biofilms, especially in the
clinical area, becomes extremely important. To date, there is
still no method for detecting biofilm production in the clin-
ic, as well as fully effective and safe therapies for the treat-
ment of infections associated with this virulence factor. The
production of biofilm remains a challenge in the health area,
representing a risk mainly for inpatients in which they are
at risk [54]. Recently, some research has attempted to seek
antibiofilm strategies through plant extracts and molecules
produced by the bacteria themselves in mixed antagonistic
biofilms, in an attempt to inhibit the early stages of biofilm, as
well as Quorum-sensing.

The main treatments for biofilm based on natural prod-
ucts are described in Table 1. Escherichia coli uropathogenic,
contains many virulence factors that allow bacteria to add
various mechanisms of resistance to the immune system and
antibiotics, such as the formation of biofilm. Essential oils
have been studied for their anti-biofilm effect, such as Ros-
marinus officinalis [55]. Other studies have also reported the
action of Betula pendula inhibited the formation of biofilm by
uropathogenic E. coli up to 50% [53]. Medicinal plants have
also been studied, due to their therapeutic potential against
the formation of biofilms. Scutellaria spp. is a botanical genus
of the Lamiaceae family, often found in temperate regions
and tropical mountains. Chen and colleagues [56] described
in their study, the antibacterial action of the Baicalein compo-
nent of this plant against biofilms formed by MRSA, inhibiting
RNAIII transcription. MRSA pathogens are primarily respon-
sible for infections in soft tissues and mucous membranes,
which can lead to death.

With regard to oral infection, the Porphyromonas gingiva-
lis bacterium is an anaerobic bacterium pointed out as one of
the main responsible for the formation of biofilm in the oral
cavity, which can cause periodontal diseases. Curcumin is a
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Table 1: Main natural products with antibiofilm action against bacteria and fungi of clinical relevance.

Treatment Site

R. officinalis Urinary system infections
Scutellaria spp
Curcumin Oral infections
Acacia arabica Oral infections
Tamarix aphylla L
Melia azedarach L
Juglans regia L

Citrus. sinensis, Laurus. nobilis, Elettaria
cardamomum, Allium cepa and
Coriandrum sativumexibiu

Systemic infections

Stryphnodendron adstringens Vagina

Ziziphora tenuior L. (Lamiaceae)
system

drug found in turmeric and has been used against biofilms
formed by this bacterium, changing the architecture of this
bacterial community, destabilizing it. In addition, it has anti-
bacterial activity in other periodontopathogens such as Fuso-
bacterium nucleatum and Prevotella intermedia [57]. Other
medicinal plants have been used in the treatment of oral in-
fections, such as Acacia arabica, Tamarix aphylla L. and Melia
azedarach L, with emphasis on A. arabica, which has shown
promising results for antibiofile activity, reducing biofilm for-
mation in the up to 73%. surface pre-treated with the extract
of this plant [58].

Pseudomonas aeruginosa is an opportunistic pathogen
responsible for several serious infections, mainly in patients
admitted to hospitals with some comormity. It is known for
its ability to produce several virulence factors, such as bio-
film. Dolatabati and colleagues [59], investigated samples
from the trachea, urine and burns of hospitalized patients
and identified P. aeruginosa in most of the collected samples
and all of them forming biofilms. As a treatment, this author
used the aqueous extract of the leaf of Juglans regia L. for the
inhibition of planktonic growth and the methanol extract of
the same plant for the inhibition of biofilm. The results of this
study suggested that even strains resistant to biofilm-form-
ing antibiotics can be inhibited by the methanol extract from
the leaf of Juglans regia L, which can be a promising strategy
for the control and treatment of this bacterium in hospitals.
Al-Haidariand collaborators (also described antibiofilm effects
against P. aeruginosa, using extracts of CitrusSinensis, Laurus
Nobilis, Elettaria cardamomum, Allium cepa and Coriandrum
sativumexibiu, acting in the inhibition of quorum-sensing, a
crucial mechanism for organization of the biofilm) [60].

Regarding clinical fungal infections, Freitas, et al. [61] de-
scribed the action of the stem of Stryphnodendron adstrin-
gens in the treatment of vaginal candidiasis. Cryptococcus
spp. they are also responsible for opportunistic infections,
especially in immunocompromised patients. Abu-Darwish
and colleagues [62] described the antibiofilm action of the es-
sential oil extracted from Ziziphora tenuior L. (Lamiaceae), a
medicinal plant from Jordan, on strains of Cryptococcus neo-
formans. With the treatment of this oil, the formation of the

Skin and soft tissue infections

Burns, trachea, urinary system

Systemic infections, respiratory ' Cryptococcus neoformans

References
Lagha, et al. [55]

Microorganisms
Eschechiria coli
Methicillin-resistant S. aureus | Chen, et al. [56]
Asteriou, et al. [57]
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Porphyromonas gingivalis
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germ tube was inhibited and the amount of biofilm biomass
was reduced [62].

Conclusion

Biofilm remains a problem not only in hospitals, but also
in industries. This review describes the most promising an-
ti-biofilm compounds, derived from natural products that
act against bacteria and fungi. However, the treatment with
these compounds must be studied in detail, since biofilms in-
crease microbial resistance and have strategies to decrease
the penetration of antimicrobial substances through their
polysaccharide matrix. Therefore, more research is needed
on anti-biofilm mechanisms and the search for new natural
products that are less susceptible to the emergence of resis-
tance.
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