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Urinary tract infections (UTIs) represent a health problem of the first magnitude since they affect large segments of the
population, cause increased mortality and comorbidity, and have a high incidence of relapse. Therefore, UTls cause a
major socioeconomic concern. Current antibiotic treatments have various limitations such as the appearance of resistance
to antibiotics, nephrotoxicity, and side effects such as gastrointestinal problems including microbiota alterations that
contribute to increasing antibiotic resistance. In this context, Itxasol® has emerged, approved as an adjuvant for the
treatment of UTIs. Designed with biomimetic principles, it is composed of arbutin, umbelliferon, and N-acetyl cysteine.
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| 1. Introduction

There are around 150 million urinary tract infections (UTIs) annually with a very high associated socioeconomic cost (in
the USA alone, this is estimated to be in the order of $3.5 billion [11[3]). These infections affect women more than men, a
fact that is related to the shorter length of the urethra in women than in men. Bacteria are capable of colonizing the urinary
tract and moving up through it to reach the kidneys Bl The pathology they can cause ranges from asymptomatic
processes, to cystitis, and can become complicated even leading to cases of pyelonephritis ¥IB. As mentioned, these
infections are more frequent in women and are associated with low socioeconomic levels related to poor hygiene in the
menstrual period [, sexual intercourse-postcoital UTIs I, use of barrier contraceptive methods [, and an increase with
age related to alteration of hormone levels [&. In the case of men, these infections are recurrent and are associated with
cases of prostatitis, obstruction in the urethra, and benign hyperplasia 29, Regardless of gender, the use of catheters is
closely linked to the appearance of UTIs [t Reinfections in the case of UTIs are quite common although they vary
according to age, with common occurrence of relapse after the first diagnosis 22,

One of the major problems associated with the use of antibiotics for the treatment of UTIs is the appearance of resistance
to antibiotics that causes an increase in mortality, morbidity, and high socioeconomic costs. In addition to resistance to
antibiotics, there are also collateral effects such as kidney damage, changes and alterations to the intestinal flora that
cause digestive problems, and alterations to the metabolism and immunity [L3I[14][15](16]

The main bacteria associated with UTIs are Escherichia coli and Pseudomonas aueroginosa 1. In the case of infections
produced in hospitals, it has been shown that in addition to Escherichia coli and various enterobacteria, in this context,
other bacteria such as Klebsiella spp. and Enterococcus spp. have been isolated from patients (18],

On the other hand, the formation of a biofilm by different bacterial strains has been related to an increase in resistance to
antibiotics, as well as an increase in mortality and morbidity of diseases associated with infections caused by them 2229,
The biofilm is an extracellular structure that is made up of sugars, lipid proteins, and molecules derived from DNA, which
helps to spread bacteria and make them more resistant to antibiotics 1.

The most common antibiotic treatments for the management of UTIs are fosfomycin, nitrofurantoin, and quinolones to
treat cystitis, and in the case of pyelonepbhritis, third-generation cephalosporins. In addition, in the case of administration
for prophylactic purposes, trimethoprim + sulfamethoxazole, nitrofurantoin, cephalexin, and fosfomycin are used, while in
the case of complicated cystitis, ciprofloxacin, levofloxacin, cefpodoxime, and ceftibuten are administered. In the case of
having to administer a second line of treatments for pyelonephritis, cefepime, piperacillin/tazobactam, gentamycin, and
amikacin are administered 22, Table 1 describes the main antibiotics used against UTIs and their mechanisms of action.

Table 1. Mechanisms of action of the various antibiotics.



Antibiotic Mechanism of Action Reference

Nitrofurantoin Destroys bacterial RNA and DNA 23]
Fosfomycin Inhibits Gram positive and negative cell wall synthesis 2]
A fluoroquinolone used against Gram negative bacteria that impairs DNA’s bacterial synthesis [24]

iprofloxacin . . .
Ciprofloxac and inhibits topoisomorases’ actions

Trimethoprim Inhibits bacterial folic acid synthesis 2=
Levofloxacin Inhibits topoisomerase IV and bacterial gyrase 2
Cephalexin Beta lactam that inhibits cell wall synthesis [26]
Cefpodoxime Cephalosporin that inhibits cell wall synthesis 27
Ceftibuten Beta lactam that inhibits cell wall synthesis c1d
Piperacillin Beta lactam that inhibits cell wall synthesis )

Among the different causes generating resistance are their overuse, which enhances a favorable selective pressure when
resistant strains spread and the ease with which resistance factors to treatments are transmitted between them. In
addition, another aspect to take into account is bacterial resistance, understood as the ability of the system to return to the
initial conditions after having suffered a disturbance to its state; in the case of bacteria, this implies temporary resistance
to antibiotics that establishes a series of bacterial subpopulations. This concept is linked to genetic and non-genetic
aspects that are manifested in three concepts: tolerance, resistance, and hetero-tolerance 28,

In particular, bacterial resistance can be associated, in the case of pathogens that cause UTIs, with the formation of
biofilms. Biofilms are heterogeneous structures composed of bacteria and surrounded by a matrix 28 These biofilms are
related to the development of resistance to antibiotics, and it has been shown that the bacteria that produce these
structures have a resistance to antibiotics that is 100 to 1000 times higher than that of bacteria that do not generate them.

Other causes of the appearance of resistance are to do with the characteristics of the host. It has been shown in an
animal model that reinfections of UTIs are capable of altering the host cells, causing changes at the transcriptional level
that affect the maturation of epithelial cells and that can remodel the composition of the epithelium, together with changes
in inflammatory processes dependent on cyclooxygenase 2 [24],

The fact that certain pathogens can relatively easily infect the urinary tract is often related to their ability to adhere to the
urinary epithelium through the presence of fimbriae or pilum, or to the capability of bacteria to adhere to each other by
expressing adhesins, form biofilms, or generate molecules that can mask the natural response to lipopolysaccharide
(LPS) (29]30] Thys, the expression of certain genes by bacteria related to the production of fimbriae, biofilms, toxins, and
adherence factors is related to the appearance of UTIs and to recurrent infections [BLB2S3I34] |y addition, part of the
damage produced by these bacteria is related to the inflammation processes caused in these infections, as in the case of
pyelonephritis, a major complication of UTIs 231381, As we will demonstrate in this article, the mechanisms of action of the
components of Itxasol© are directly related to these two important aspects: modulation of the expression of virulence
genes, and regulation of inflammation.

2. Influence of Itxasol© in the Expression of Genes Related to
Inflammation and Changes in Bacterial Genomics

2.1. B-Arbutin

Besides the described antimicrobial action, arbutin is also known for its anti-inflammatory action that modulates the
genetic expression of different genes involved in this process. Table 2 summarizes the main actions of B-arbutin in this
context.

Table 2. Actions of B-arbutin.

Action/Finding References

Reduces iNOS expression in B2 microglia cells and IL-1, TNF-a, MCP-1, and IL-6 37

Reduces oxidative stress levels in fibroblast and increases apoptosis of tumor cell line 28]



Action/Finding References

Increases expression of collagen | £l
Decreases osteoclast activity (20l
No DNA damage in lymphocytes [41j42]

2.2. Umbelliferon (Umb)

In this section, we describe the main changes related to gene expression that Umb produces in bacteria and
inflammation. Table 3 summarizes the major findings.

Table 3. Actions of Umb.

Action/Finding Reference
Downregulation of genes involved in biofilm production and adhesion 3]
Downregulation of genes related to production of extracellular matrix and motility [44]
Attenuation of DNA damage for oxidative stress [4s]
Reduction of inflammasome [48]
Reduction of apoptosis of kidney cells 47
Produces DNA fragmentation in oral carcinoma cells [48]
[49]

Cell cycle arrest in G1 apoptosis of adenocarcinoma cells

2.3. N-acetyl-L-cysteine (NAC)

NAC can act against pathogens such as Escherichia coli and Enterococcus faecalis, preventing them from invading
epithelial cells of the bladder BY. This fact has been related to how the administration of NAC to cells can alter the
synthesis of membrane proteins related to the recognition of bacteria in their first step, which is that of adhesion BY. The
actions of NAC in this context are summarized in Table 4.

Table 4. Actions of NAC.

Action/Finding References
Impairs adhesion of bacteria ES
Inhibits biofilm formation (B2][E3]54]
DNA bacteria and biofilm components are derived from DNA destruction [551156]
Inhibits expression of genes related to fibrotic process B57]
Reduces expression of genes related to apoptosis 23]

| 3. Conclusions and Future Directions

Given that UTIs have a high socioeconomic cost for society, there is a need to provide new ways to combat these
infections. Itxasol® is a biomimetic compound that has antimicrobial, anti-biofilm, and anti-inflammatory characteristics
that are very useful to fight this type of infection.

As has been shown, these actions are carried out at least in part through the regulation of bacterial genes related to the
expression of virulence factors and the formation of the biofilm, with modification of the expression patterns of genes
related to inflammatory processes in different cell types, and with the modification of DNA cells to produce apoptosis
(Figure 1). Considering the components of Itxasol©, Umb shows a clear capacity to interfere with the expression of genes
related to adhesion and biofilm formation, B-arbutin's main action is related to the regulation of inflammatory mechanisms,
and NAC is able to destroy bacterial DNA and to control the inflammation produced by bacterial LPS.
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Figure 1. Actions of Itxasol©. The different components of Itxasol© produce different changes in gene expression. To

DNA destruction

decrease the levels of inflammation in cells and bacteria, they interfere with the structure of DNA or the expression of
virulence genes or those involved in the formation of biofilm. In this way, the combined anti-inflammatory and anti-biofilm
antimicrobial actions can effectively combat UTls.

At this point, it is necessary to carry out further studies to determine the genetic changes that both bacteria and host cells,
including microbiota, have in the presence of the components of Itxasol©, both separately and in conjunction, i.e.,
resulting from this innovative formulation. As a result of these studies, it will be possible to improve the administration
dose and guidelines for this alternative treatment adjuvant and perhaps to master a single administration where there is
no need for antibiotics. In this way, it will be possible to improve the treatment of UTIs, reducing the possible adverse
effects derived from traditional antibiotics in patients while simultaneously protecting the kidneys.
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